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Abstract Dyslexia is a problem of increasing prevalence in school-age students. The latest ex-
periences in the application of neuropsychology to education are interesting because they allow
for the evaluation of different neuropsychological variables to obtain a better understanding of
the learning processes of students in this population for specific subsequent interventions. The
purpose of this study was to explore the following neuropsychological variables related to reading
in adolescent students with and without dyslexia. The sample consisted of 60 students between
13 and 15 years of age, 30 with dyslexia and 30 without. The King Devick test was used to assess
the saccadic eye movements, specifically the fast and automated denomination of digits; the
Harris laterality test was used to evaluate functional laterality, and the ENFEN test for executive
functions. The results revealed significant differences between the two groups. Students with
dyslexia scored lower on the three neuropsychological skills assessed. These findings suggest that
students with dyslexia may manifest poorer performance in those neuropsychological skills
that are key to reader development.

© 2018 Fundacion Universitaria Konrad Lorenz. Este es un articulo Open Access bajo la licencia
CC BY-NC-ND (http://creativecommons.org/licenses/bync-nd/4.0/).

Perfil y diferencias neuropsicoldgicas en alumnos adolescentes con y sin dislexia

Resumen La dislexia es un problema que cada vez afecta mas al alumnado en edad escolar.
Las ultimas experiencias de aplicacion de la neuropsicologia al ambito educativo resultan in-
teresantes porque van a permitir evaluar distintas variables neuropsicologicas con el objeto de
comprender mejor los procesos de aprendizaje del alumnado para plantear posteriormente inter-
venciones especificas en esta poblacion. El proposito de este estudio fue explorar variables neu-
ropsicologicas relacionadas con la lectura y escritura en estudiantes con y sin dislexia. La muestra
estuvo compuesta por 60 estudiantes de entre 13 y 15 anos, 30 con dislexia y treinta sin dislexia.
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La prueba King Devick fue utilizada para valorar los movimientos oculares sacadicos, la prueba de
la lateralidad de Harris para evaluar la lateralidad y la prueba ENFEN para las funciones ejecuti-
vas. Los resultados revelaron diferencias significativas entre los dos grupos. Los estudiantes con
dislexia obtuvieron puntuaciones mas bajas en las tres habilidades neuropsicologicas evaluadas.
Estos hallazgos sugieren que los nifios con dislexia podrian manifestar un peor desempefio en
habilidades neuropsicoldgicas que son clave para el desarrollo lector y escritor.

© 2018 Fundacion Universitaria Konrad Lorenz. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Dyslexia is related to several risk factors, both genetic
and environmental. The neurocognitive impairment is also
multifactorial and involves phonological processing defi-
cits, with weaknesses in oral language skills and processing
speed (Peterson & Pennington, 2015; Ramus, 2003). Accord-
ing to Paz-Alonso et al. (2018), dyslexia is usually manifest-
ed by difficulties with phonological segmentation, slow lin-
guistic processing, poor vocabulary, low verbal fluency and
reduced operative memory, short-term verbal memory or
speech perception and other symptoms generally associat-
ed with dyslexia, although they do not necessarily cause
problems. Thus, Power, Colling, Mead, Barnes & Goswami
(2016) suggest that alteration in the neural coding of low
frequency voice envelopes, related to speech prosody, can
support the phonological deficit that causes dyslexia in all
languages.

Functional difficulties of people with dyslexia occur in
those parts of the brain that process the correct execu-
tion of reading and writing. Scientists tend to argue that a
problem in the development of certain brain regions could
be the cause of the progressive establishment of this spe-
cific difficulty in learning to read manifested by dyslexics.
Neuroimaging studies have found quantitative differenc-
es in the brain areas involved in reading skills, as well as
cognitive and behavioural skills (Paz-Alonso et al., 2018;
Yitzchak & Pavlakis, 2001). Paulesu et al. (2001) conducted
comparative studies of 72 adults with dyslexia problems
in France, the United Kingdom and Italy. The researchers
used the positron emission tomography technique to ob-
serve blood flow and the neurological activity in the brain
while the participants read printed material. Brain scans
revealed the same reduction in activity in a region of the
left hemisphere of the brain of the participants studied in
all three countries. Reduced activity of the temporal and
left parietal cortex could affect phonological processing;
an atypical development was noted in several structures of
the neuronal system that serve as support when learning to
read. Therefore, most specialists believe that the nuclear
dyslexia deficit would correspond to a dysfunction of those
neuronal circuits responsible for phonological processing
capacity (Ramus et al., 2003, Shaywitz et al., 1998). During
the phonological analysis that underlies every reading pro-
cess, the activation of the posterior cortical regions (Wer-
nicke, angular gyrus and striated cortex) is lower in dyslexic
people than in non-dyslexic people, while over-activation of
the anterior regions occurs (mainly from the inferior frontal
gyrus) (Puente, Jiménez & Ardila, 2009). Likewise, brain im-
aging research has shown differences in the brains of people
with and without dyslexia (Pollack, Luk, & Christodoulou,
2015). These structural and functional anomalies would in
turn originate in the mutation of certain genes (Astrom,

Wadsworth, Olson, Willcut & DeFries, 2012; Byrne, Fin-
layson, Flood, Lyons & Willis, 2009; Gibson & Gruen, 2008).
Therefore, scientific evidence indicates that dyslexia has a
neurobiological origin caused by the abnormal development
and dysfunction of certain neuronal circuits (Benitez-Burra-
co, 2012; Paracchini, Scerri & Monaco, 2007). In synthesis,
dyslexia denotes a series of limitations in learning to read
caused by brain alterations in the right and left hemisphere,
in the subcortical structures and the cerebellum, as well as
the expression of certain genes (Rodenas-Cuadrado, Ho &
Vernes, 2014; Kraft et al., 2016; Morken, Helland, Hugdahl
& Specht, 2017).

While the relevance of phonological awareness deficits
should not be minimized, there is substantial evidence that
other factors, such as visual deficits and perceptual process-
ing, are involved in dyslexia. Advances until about the 1960s
were made by ophthalmologists, such as Morgan, Hinshel-
wood, or Orton, who coined the term “word blindness” to
describe the syndrome (Hinshelwood, 1917). Different au-
thors have noted perceptual-visual problems such as altered
orientation in spatial attention, possibly related to dysfunc-
tion in the right parietal cortex, slower reaction time to vi-
sual stimuli, and a tendency not to focus attention as normal
readers would (Heiervang & Hugdahl, 2003). The recent study
by Franceschini, Bertoni, Gianesini, Gori & Facoetti (2017)
challenges phonological deficit as being the only explanation
for dyslexia, suggesting that learning to read would also de-
pend on an efficient right neural network for a global analysis
of the visual scene. Likewise, Stein (2018) determines that, in
dyslexics, development of the visual magnocellular system is
compromised. The development of the magnocellular layers
of the lateral geniculate nucleus (LGN) is abnormal in dys-
lexic people. Therefore, sensitivity to movement is reduced
in people with dyslexia, with unstable binocular fixation,
giving rise to poor visual location, particularly on the left
side (left negligence). Studies conducted by Frostig showed
that students require well developed visual perception when
learning to read, and above all, skills of constancy of form,
position in space, figure-background discrimination or spatial
relations, revealing the importance of saccadic eye move-
ments for proper, fluid and precise reading (Lazaro, Garcia
& Perales, 2013; Martin Lobo, 2003; Santiuste, Martin Lobo &
Ayala Flores, 2006). A good development of the saccadic eye
movements enables better reading speed (Leong et al. 2014).
Abnormal eye movements are frequently related to reading
ability in particular. Studies found that children with dyslex-
ia had inefficient eye movements and their fixation pauses
were very high (Bucci, Bremond-Gignac & Kapoula, 2008).

Another aspect that appears to influence the learning of
dyslexic students is laterality, understood as asymmetries of
bilateral structures or behaviour biases (Wiper, 2017). It is
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necessary to begin by explaining a series of terms that could
otherwise be confusing. Lateralization is the process by
which a person’s laterality is defined, that is, a predominance
of one part of the body over another is produced as a con-
sequence of the hegemony of one of the cerebral hemi-
spheres. Hemispheric dominance refers to the part of the
brain charged with performing a given task, while the other
part acts as a complement (Ortigosa, 2004). In this regard,
the importance and implication that each of the hemi-
spheres has in functional and cognitive processes has been
researched. Authors such as Ferré & Irabau (2008) propose
to speak of a referent instead of a dominant hemisphere,
since the participation of both hemispheres in different
linguistic and perceptive-motor activities is always neces-
sary. However, in each hemisphere a preferential cognitive
style is developed. The left hemisphere is responsible for
linguistic, logical, analytical and sequential processing, and
the right hemisphere for visuospatial tasks, as well as the
expression and interpretation of emotional information (Du-
bois et al., 2009). The left hemisphere is usually dominant
in linguistic tasks. Nevertheless, in people with dyslexia,
it does not appear to happen that way, so the number of
messages sent from one hemisphere to another slows down
linguistic processing (Dehaene et al., 2010), such as the
reading process. Other studies have linked students’ learn-
ing problems to the lateralization process, i.e. hand, foot,
eye, attributing this as a problem to their achieving literacy
(Mayolas, Villarroya & Reverter, 2010).

Along with the phonological nuclear deficit that char-
acterizes dyslexia, other studies point to a relationship
between reading difficulties with activation of the frontal
lobe, considered the centre for attention control and exec-
utive functions that acts as a filter and control and helps
the processing of information in a determined visual field
(Reiter, Tucha & Lange, 2005). The executive functions al-
low people to autonomously develop self-directed, goal-ori-
ented behaviours through a set of capacities (Rebollo &
Montiel, 2006). However, in the case of students with dys-
lexia, they showed a lower performance in abilities such as
mental flexibility, working memory, and the ability to inhib-
it cognitive, verbal and visual fluency (Reiter et al., 2005)
as well as in selective attention (Lima, Pinheiro-Travaini,
Salgado-Azoni & Ciasca, 2012), with difficulties in basic ex-
ecutive functions such as attention, planning and working
memory (Berninger, Nielsen, Abbott, Wijsman & Raskind,
2008). Other research establishes a relationship between
executive functions and scholastic performance. One of the
capacities that has received empirical attention is verbal
and visual working memory; finding relationships between
performance in this executive ability and the learning of
different subjects such as language, reading and writing,
math and science (Best, Miller & Jones, 2009).

In summary, it appears that dyslexia of neurobiological
origin is the result of a combination of multiple-risk factors,
including phonological problems, perceptual-visual deficits,
as well as motor and executive functioning (Thompson,
2015). Therefore, taking into consideration the results of
studies of this neuropsychological construct in the scholas-
tic performance of adolescent students with dyslexia, vi-
sual abilities at the perceptual-sensory level, laterality at
the neurological level, or the executive functions, will be
highly relevant variables for the students’ development by

playing a highly pertinent role in learning in general and,
in particular, in relation to the school environment. Hence,
dyslexia is accepted as a disorder of life duration. Howev-
er, throughout a student’s development, the reading tra-
jectories are not homogeneous and the manifestations of
cognitive deficits in dyslexic readers can change through-
out life (Catts & Kamhi, 2005). Therefore, the novelty of
this study lies in the age range of the sample, as well as
its mother tongue. Research has focused on young children
with dyslexia, but little research has examined the cogni-
tive and other skills that underlie dyslexia in adolescent
students, with the majority of studies being restricted to
English-speaking dyslexic adolescents. Other contributions
from different studies compare the neuropsychological per-
formance of adolescents with dyslexia. This is the case of
the study by Chung, Ho, Chan, Tsang & Lee (2010) which
evaluated cognitive abilities such as morphological aware-
ness, visual-orthographic knowledge, rapid naming, and
verbal working memory in Chinese adolescents with dyslex-
ia. The results showed that these Chinese adolescents were
less competent than the control students in all cognitive
and literacy measures. The study by Nielsen et al., 2016
evaluated whether dyslexia in adolescents and young adults
could be expressed differently phenotypically. To date, we
have no evidence that the neuropsychological parameters
in adolescents with dyslexia in the Spanish language, such
as those included in this study, have been studied.

Therefore, the aim of this study is to analyse and explore
the differences in saccadic eye movements, specifically the
fast and automated denomination of digits, laterality and
executive functions related to reading development in stu-
dents with and without dyslexia. Based on previous studies,
our hypothesis is that adolescents with dyslexia score lower
than students without dyslexia in neuropsychological skills
such as saccadic eye movements, laterality and executive
functions.

Material and methods

Participants

A sample of 60 students participated in the study, 30
with dyslexia and 30 without dyslexia, aged between 13 and
15, all enrolled in a Public Secondary School in the Region
of Murcia, Spain. On the one hand, the group of students
with dyslexia was diagnosed by a team of educational psy-
chologists and a neuropsychologist, following the protocol
of the Educational Administration of the Region of Murcia
(Spain). This protocol is based on the diagnostic criteria of
DSM-IV-TR (2002), the International Dyslexia Association
and information collected from family and tutor interviews.
The anamnesis, and a battery of neuropsychological and
psychological tests, allowed the team of experts to col-
lect data related to linguistic, cognitive and psychomo-
tor development, emotional development, behaviour and
health problems, as well as any family history of reading
problems. On the other hand, the teachers of those stu-
dents without dyslexia confirmed they had no history of
literacy problems, dyslexia, or other learning difficulties or
any childhood psychopathology, nor had they been treated
in any special educational services. These students were
carefully selected to match the group of students with
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dyslexia in age. Inclusion criteria for the group of students
without dyslexia: (a) Standardized performance in the dif-
ferent areas of the curriculum; (b) Their mother tongue be-
ing Spanish; (c) Informed consent of parents or guardians
to their participation in the study. The exclusion criteria
were: (a) Poor general linguistic competence: difficulties in
reading unknown words or pseudowords, low reading speed,
poor reading comprehension, difficulty reading with good
prosody; (b) Existence of any disability, autism spectrum
disorder or diagnosis of learning difficulties. The recruit-
ment of the participants was carried out in an informed
way and with the consent of the relatives, in collaboration
with the researcher who developed his teaching work in the
Guidance Department of the educational centre, to which
the whole of this study sample belonged. The students par-
ticipated voluntarily in the study, without perceiving any
form of emolument or compensation of economic or aca-
demic nature. The study was carried out according to the
Declaration of Helsinki principles and approved by the De-
partment of Neuropsychology and Education of the Interna-
tional University of La Rioja, UNIR.

Assessment and Measuring Instruments

The King-Devick Test (Devick, 2007). The King-Devick
Test was originally designed in the 1970s and has been
used as a screening instrument to identify adolescents with
learning disabilities and reading fluency concerns caused by
changes in saccadic movements (ie., dyslexia) (Leong et al.,
2014; Oberlander, Olson & Weidaver, 2017; Rincon, Hernan-
dez & Prada, 2017). This clinical test is widely used in Spain
to assess the development of saccadic eye movements; spe-
cifically, the fast and automated digit denomination (Megi-
no-Elvira, Martin-Lobo & Vergara-Moragues, 2016). To avoid
interpretation, saccades are assessed reading numbers. The
age of application is between 6 and 14 years of age. It is
composed of three subtests. The King-Devick test consists
of reading out aloud a series of numbers from left to right,
spread over four cards. The first is a test and the remain-
ing three are used for evaluation. The administrator places
the demonstration page on the table in front of the child
and asks him to say all the numbers on the page as quick-
ly and carefully as possible. Once the student understands
the test, the test begins. For the correction of the ocular
follow-up evaluation, this proceeds as follows: the admin-
istrator must add the reading time of each of the I, Il and
Il cards (the test card is excluded). The time is compared
according to age. To determine whether the student passes
the test or not, the exact time difference between their
reading and the required value for their age is established.
There is a margin of error for each age group.

The Harris Test (Harris, 1978). Measures the pattern of
lateral dominance of hand, foot and eye. Studies conducted
by the author regarding the validity and reliability of the
instrument have been conducted on children aged 7-9 years
old, although it has also been applied to adults. The test
includes brief and entertaining tasks, favouring the applica-
tion of the test. The students’ knowledge of right to left is
also measured. Lateral dominance is defined with a result
of 8-10; right or left dominance is not clearly defined with
a result of 7; and mixed dominance is considered defined
with a score lower than 6, on either right or left. In the

assessment of lateral eye dominance, right or left domi-
nance is considered defined if the same eye was used in all
three tests; unclearly defined right or left dominance if the
same eye was used in two of the three tests; and mixed eye
dominance in the remaining cases. To assess right-to-left
awareness of the right or left eye and spatial orientation,
a card with right and left handprints is held in front of the
student in varying positions. The student stands with arms
crossed and is asked to identify the right or the left print as
perceived by the student. If the answers are correct, they
have identified right from left correctly.

The Spanish test for the evaluation of executive
functions (ENFEN) (Portellano, Martinez-Arias & Zumarra-
ga-Astorqui, 2009). Evaluation of the level of maturity and
cognitive performance in activities relating to executive
functions. This is composed of four tests:

-Verbal fluency. A two-part verbal fluency task: phono-
logical fluency and semantic fluency. It assesses operational
working memory where the subject must say as many words
as possible out loud in one minute, in response to the exam-
iner’s instructions.

-Trails. Consists of two parts: a grey trail and a coloured
trail. This is to assess cognitive flexibility, grapho-motor and
visuospatial skills. In the first part, the subject draws a path
linking the numbers 20 to 1, arranged at random on a sheet
of paper. In the second part, the colour trail, the subject
draws another trail by joining the randomly displayed num-
bers 1 to 21, but alternating the yellow and pink numbers.

-Washers. Measures the student’s abstraction and pro-
gramming ability. This test consists of one training trail and
14 trails where the subject must try to achieve the pro-
posed model in the shortest amount of time with the least
possible moves in each trail.

-Resistance to interference. This is a task-based test
composed of a list of 39 words arranged in three vertical
columns of 13 words each. The 39 words are names of co-
lours, but are randomly printed in green, blue, yellow and
red. The subject has to call out the colour the word is print-
ed in. This subtest measures the subject’s attention control.

In order to create a profile for each student, the punctuation
for each of the tests was converted into DECA-types: very high:
9-10; high: 8; average-high: 7; average: 6-5; average-low: 4; low:
3; very low: 2-1.

Procedures

The evaluation of the sample was carried out by the
same researcher, thus avoiding any inter evaluating bias.
The researcher in charge of the evaluation is an expert in
neuropsychology and education, and therefore, has suffi-
cient knowledge to apply the different tests, as well as the
subsequent written collection of the data, and the analysis
and rigorous interpretation of the data. The tests were ap-
plied in the following order: King-Devick test, Harris later-
ality test, and the Spanish EFEN test for the evaluation of
executive functions. The duration of the evaluations of the
entire study sample lasted approximately one month. Two
students per day were evaluated. The evaluation of each
student was carried out individually for approximately 45
minutes. The sessions were held in a classroom where the
researcher develops her educational work. The classroom
was always the same and lacked distractors that could af-
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fect the normal development of the evaluations, and had
adequate lighting conditions. During the administration of
the different tests, the researcher made sure that the par-
ticipants understood the tasks they had to perform. The
group of students with dyslexia were tested first, and then
the control group.

Data Analysis

All the analyses were performed using the statisti-
cal SPSS programme, version 20.0, for Windows. The so-
cio-demographic characteristics of the two groups were
compared using Pearson’s Chi-square test for categorical
variables, like gender, and the Student t-test for quantita-
tive variables, like age. The differences between the study
groups (students with and without dyslexia) were assessed
with the parametric Student t-test. Pearson’s Chi-square
test was performed for categorical variables. The level of
bilateral significance for all the statistical tests was set at
a = 0.05.

Results

The mean age of students with dyslexia = 14.10 (SD+0.71)
and of students without dyslexia = 14.13 (SD+0.73), p=0.85.
In relation to the sample gender, 55% of the group with
dyslexia were male compared to 45 % in the control group.
No significant differences were found between the study
groups (group with and without dyslexia) in either age or
gender as can be seen in Table 1.

Table 2 shows the neuropsychological and cognitive re-
sults from the two study groups. In the evaluation of sac-
cadic and ocular movements of both groups, significant dif-
ferences were found between the group of students with
dyslexia and the group without dyslexia in a number of er-
rors: for the group with dyslexia = 7.90 (SD+3.19) and for the
group without dyslexia = 5.36 (SD+3.20), p<0.05., as well
as in head movements: for the group with dyslexia = 1.00
(SD+0.00) for the group without dyslexia = 1.26 (SD+ 0.45),
p<0.05. With regard to hand, foot and eye lateral domi-
nance, significant differences were established in lateral
foot dominance, with 36.6% for the group with dyslexia and
80% for the group without dyslexia, p<0.05. Although no sig-
nificant differences were established in hand and eye dom-
inance, it was noted that hand dominance is undefined at
50% of the group of students with dyslexia, compared with
46.7% of the control group. Significant differences were
established between groups in right-left recognition, with
36.6% for the group with dyslexia and 80% for the group
without dyslexia, and p<0.05, indicating a significantly high-

Table 1. Descriptive data of participants

er percentage of difficulty in the students with dyslexia.
Regarding executive functions, significant differences were
established between the two groups in the phonological flu-
ency subtest, which evaluates memory: for the group with
dyslexia = 4.20 (SD+1.71), and for the group without dyslexia
= 7.86 (SDx1.56), p<0.001. In semantic fluency: for the
group with dyslexia = 3.93 (SD+1.52), and for the group with-
out dyslexia = 7.30 (SD+1.36), p<0.05. In the grey trail, pro-
viding data on cognitive flexibility, grapho-motor and visu-
ospatial skills: for the group with dyslexia = 4.00 (SD+1.23),
and for the group without dyslexia = 6.63 (SD+1.18), p<0.05.
In the coloured trail subtest: for the group with dyslexia =
3.66 (SD+1.06), and for the group without dyslexia = 6.23
(SD+1.13), p<0.05. In the resistance to interference subtest
which analyses attention control: for the group with dys-
lexia = 3.00 (SD+1.08), and for the group without dyslexia
= 5.63 (SD+1.15), p<0.05. In the washers subtest which as-
sesses abstraction and programming capacity, for the group
with dyslexia = 2.73 (SD+1.25), and for the group without
dyslexia = 5.13 (SD+1.30), p<0.05.

Discussion

The purpose of this study was to analyse the existence
of differences between adolescent students with and with-
out dyslexia in their saccadic eye movements, laterality and
executive functions relating to the reading development of
these groups. The results of this study support the hypoth-
esis given that the students with dyslexia had poorer scores
in the neuropsychological skills (saccadic eye movements,
laterality and executive functions) than the students with-
out dyslexia. The results indicate that the causes of dys-
lexia are heterogeneous and that there may be a common
primary cause in students with dyslexia, such as difficul-
ties with phonological decoding, but it is also plausible that
there are other contributing factors that partly exacerbate
reading problems.

The current theoretical revision considers dyslexia as a
complex disorder of multifactorial genesis, predominantly
with difficulties at a phonological level, as well as in other
learning processes, among which are the neuropsychologi-
cal difficulties. In this study, the students with dyslexia pre-
sented poor scores in the three neuropsychological skills
evaluated in the reading processes; results that are in line
with Franceschini et al. (2017), suggesting that the phono-
logical deficit is not the only explanatory deficit for dyslexia.
In relation to the neuropsychological sensory skills, results
similar to others studies were noted, like those of Singleton
& Trotter (2005) who found that abnormal eye movements
in dyslexia arise from cognitive difficulties with the text, as
well as visual difficulties (Franceschini et al., 2017; Bucci et

Group with Dyslexia

Group without Dyslexia

n=30 n=30 P
Age. Mean (SD) 14 (0.71) 14 (0.73) 0.859
Male N (%) 17 (56.6) 16 (53.3)
Female N (%) 13 (43.3) 14 (46.6)

Note.- Level of bilateral significance for the statistical tests: *p< 0.05
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Table 2. Neuropsychological processes: saccadic eye movement and lateral dominance and executive functions
Group with Dyslexia Group without Dyslexia T Student® p
n=30 n=30 x? test?

Saccadic eye movement

Time 93.973 (15.37) 90.143 (13.66) -1.02° 0.31°
Mean (SD)

Number of errors 7.900 (3.19) 5.367 (3.20) -3.06° 0.00*®
Mean (SD)

Eye movement 2.000 (0.871) 2.033 (0.850) 0.102 0.942
Mean (SD)

Lateral Dominance

Lateral dominance: hand 30(50%) 30 (73.3%) 3.892 0.272
Lateral dominance: foot 30 (36.6) 30 (80%) 18.942 0.00*2
Lateral dominance: eye 30 (53.3%) 30 (63.3%) 5.532 0.232
Right-left recognition 30 (36.6%) 30(80%) 4.80° 0.02*2
Executive Functions

Phonological fluency 4.200 (1.71) 7.866 (1.56) -8.65° 0.00*®
Mean (SD)

Executive Functions: Semantic fluency 3.933 (1.52) 7.300 (1.36) -8.98° 0.00*®
Mean (SD)

Executive Functions: Grey trail 4.000 (1.23) 6.633 (1.18) -8.42° 0.00*®
Mean (SD)

Executive Functions: Coloured trail 3.666 (1.06) 6.233 (1.13) -9.04° 0.00*®
Mean(SD)

Executive Functions: Washers Mean (SD) 3.000 (1.08) 5.633 (1.15) -9.09° 0.00*®
Executive Functions: Resistance to 2.733 (1.25) 5.133 (1.30) -7.25° 0.00*®
interference

Mean (SD)

Note. - Level of bilateral significance for the statistical tests: *p< 0.05 2x? test

al., 2008). It was confirmed that those students who pre-
sented some type of visual perception problem manifested
learning difficulties and further studies have confirmed the
importance of assessing saccadic eye movements for early
detection and correction, thus increasing learning potential
(Facoetti, Ruffino, Peru, Paganoni & Chelazzi, 2008; Solan,
Hansen, Silverman, Larson & Ficarra, 2004). Nevertheless,
in the present study, the lower performance of the dyslexic
group in the King-Devick test does not confirm a deteri-
oration in saccadic movements per se, but a specific de-
terioration in the rapid automated denomination of digits
(Wolf, Bowers & Biddle, 2000). The speed of naming digits
has been shown to be a good predictor of reading in alpha-
betic languages, based on the speed with which the brain
can integrate visual and linguistic processes (Papadopou-
los, Georgiou & Kendeou, 2009). A deficit in denomination
speed is related to problems in reading fluency. Alterations
in the occipital-temporal zone, called the area for the visu-
al form of the word in students with dyslexia, explains the
difficulties they have in reading fluency. The results of this
study are in line with those of Nilsson-Benfato et al. (2016)
whose results suggested that eye movements in reading are

predictive of individual reading ability, with eye tracking
being an effective means to identify students at risk of suf-
fering long-term reading difficulties.

With respect to evaluating laterality, the following types
of lateral dominance were evaluated: manual hand, podal
foot and ocular eye, since manual laterality alone is not
indicative of hemispherical dominance. The results estab-
lished significant differences between both groups with re-
spect to foot dominance and right-left spatial orientation.
These data suggest that difficulties in spatial-temporal ori-
entation could have an impact on the perceptual processing
required in reading. Authors like Siviero, Rysovas, Juliano,
Del-Potro & Bertolucci (2002) indicate that students with
cross-dominance were the students who exhibited greater
difficulty in learning to write, reading comprehension, and
also made a greater number of reversals. Following Catalan,
Casaprima, Ferré & Mombiela (2006), when laterality is
seen to be developing inadequately, this can give rise to
difficulties in reading automation (slow, without fluidity,
with inversions or substitutions), spatial and temporal dis-
orientation or motor and rhythm clumsiness.

Regarding the executive functions evaluated in the stu-
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dents with and without dyslexia, this data concludes that
the students with dyslexia manifested greater difficulty
with memory processes, cognitive flexibility visuospatial
skills, attention control, and abstraction and planning ca-
pacity. Studies like those of Berninger et al. (2008) conclud-
ed there was a deficit in basic executive functions, planning
and working memory, and learning difficulties where read-
ing and writing processes were involved. Other studies in
line with our results, such as that carried out by Best et al.
(2009), indicate that, in addition to working memory, there
is a relationship between inhibitory control and planning
capacity in the mathematical and literacy difficulties man-
ifested by children of ages 6 to 13. Other authors, studying
samples of children with reading difficulties, point out the
importance of the executive functions of working mem-
ory, planning and inhibitory control in tasks that require
good comprehension and general reading ability (Cutting,
Materek, Cole, Levine & Mahone, 2009). These executive
functions have also been shown to be relevant skills in pre-
dicting students’ academic performance, while some stud-
ies indicate that delayed maturational development in pre-
school courses could be indicative of difficulties in school
learning, such as in the area of mathematics (Blair & Razza,
2007; Bull, Espy & Wiebe, 2008). This data is supported by
studies like those of Reiter et al. (2005) which established
a significant correlation between reading and writing diffi-
culties and activation of the frontal lobe. The connection of
the area for visual form to the right frontal cortex in stu-
dents with dyslexia suggests that they use memory strate-
gies to compensate for their difficulties. However, they fail
because, as shown by the data in this study and in line with
those mentioned above, students with dyslexia have limited
memory capacity, particularly short-term verbal memory,
which has been shown to be a basic reading skill (Delfior &
Serrano, 2011).

Educational research and neuropsychological impli-
cations

In short, this study indicates that the poorer perfor-
mance of students with dyslexia in certain neuropsycholog-
ical skills, such as saccadic eye movements, and a specific
deterioration in rapid automated denomination, laterality
and executive functions, which maintain a close relationship
with the reading processes, has clear educational implica-
tions, pointing to the need to carry out early interventions
based on neuropsychological programmes in schools. The
purpose of the evaluation based on the evidence revealed
during adolescence is to plan the educational programming
of these students in accordance with any other neuropsy-
chological parameters that may be compromised, along
with the phonological deficit (Ibafez-Azorin, Martin-Lobo,
Vergara-Moragues & Calvo, 2018). Therefore, it is recom-
mendable to introduce activities in the classroom that do
not merely focus on learning to read in the formal man-
ner, but also on activities that favour the capture of visual
attention mechanisms, such as saccadic eye movements,
crucial to reading (Gori & Facoetti, 2015). Another aspect,
based on the data from our study, points to the possibili-
ty of incorporating, in the afore-mentioned neuropsycho-
logical programme, performing activities which develop
laterality, in order to contribute to the inter-hemispherical

connection, thus promoting the development of reading,
and reading comprehension of the students with dyslexia
(Martin-Lobo, 2006). That is to say, if we consider the mo-
tor and perceptual aspects as elements fundamental to the
students’ neurodevelopment in the early stages, this could
help minimize the difficulties of these students (Ferré &
Aribau, 2008; Goddard, 2005). On the other hand, stimu-
lation of executive functions in the classroom must always
bear in mind that development of the executive functions
begins in infancy and is fully developed by adulthood with
the maturation of the frontal brain areas (Bausela-Herrera,
2014). As such, education professionals should begin con-
centrating on aspects such as working memory, inhibitory
control or capacity planning, amongst others, early on, to
minimize the mathematical and literacy difficulties in the
academic development of students with dyslexia (Best, et
al. 2009).

Therefore, neuropsychology applied to the educational
field can incorporate intervention programmes in class-
rooms, which not only benefit students with dyslexia, but
also enrich the educational processes of other students, pro-
viding scientific knowledge and methods to allow a better
understanding of the cognition, motivation and the differ-
ent processes involved in learning (Murphy & Benton, 2010).
The success of such neuropsychological programmes will
depend on close collaboration between the clinical centres,
school psychologists, teachers and parents in order for the
neuropsychological processes that are the basis of scholas-
tic performance, as shown by the results of this study and in
the publications relating to improvement in scholastic per-
formance, incorporating neuropsychology into the field of
education (Martin-Lobo, 2006; 2003). In general, if students
do not manifest learning difficulties, conventional teaching
will be sufficient to enable them to acquire processes such
as reading, writing and other mathematical knowledge or
skills adequately. Nevertheless, if a student suffers from
dyslexia, it is very likely that, over time, this student will
suffer a delay in learning the basic instrumental tasks, and
a gap will grow between the student and the rest of the
classmates over the years. Therefore, in this study we have
used educational neuropsychology to detect and try to find
skills to prevent the onset of problems like dyslexia.

Limitations

It is important that the data in this study be interpreted
with caution, based on the following limitations. First, re-
garding the intelligence quotient (IQ), we only collected the
results for the group of students with dyslexia. To deter-
mine the diagnosis of students with dyslexia, the criterion
of discrepancy between IQ and performance was taken into
account together with another set of parameters, not just
the student’s 1Q, since, if reading correlates with 1Q, dys-
lexia would not exist. The exclusive use of this unique crite-
rion for the diagnosis of dyslexia has generated controversy.
In the case of students without dyslexia, although it is true
that their IQ was not documented, a series of data was col-
lected that determined whether or not the students had a
normalized performance in the processes related to read-
ing, as well as aspects that were relevant to the selection of
this student body in the present study. Therefore, it should
be borne in mind that IQ data between both groups of stu-



Profile and neuropsychological differences in adolescent students with and without dyslexia 173

dents are not part of the objective of this study and, in our
opinion, would not hinder the interpretation of the study
data. Likewise, the study’s design is crossed, as we have
no evaluation data, so it would be interesting to follow the
evolution of these students to verify whether the difficulties
experienced in adolescence are maintained or otherwise
in adulthood, or whether they have been compensated, in
which case, how. Finally, with regard to the measurements
of the saccadic eye movements, this could be completed in
future studies with another instrument that evaluates with
an eye tracker, in addition to the King-Devick test.

Despite the descriptions of the limitations in the present
study, this research shows that the persistent reading diffi-
culties of students with dyslexia is caused by a group of cog-
nitive and neuropsychological deficits that are not homo-
geneous and are changing; therefore; generating different
needs throughout school life, adolescence and adulthood.
In the future, it would be interesting to carry out a longi-
tudinal study, incorporating advancements in neuroimaging
in order to see the needs of these students in adulthood.
The prospective that emerges from this study suggests that,
in the future, it will be necessary to create specific pro-
grammes to foment the development of neuropsychological
abilities in order to improve the acquisition of literacy in
students with dyslexia. The data that can be provided from
such studies in the Spanish population with dyslexia will be
especially relevant if we take into account the fact that the
majority of scientific research in this field is carried out in
English (De-La-Pefa & Bernabéu, 2018).
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