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Abstract. Introduction: Technology and Neuroscience have formed a strong col-
laboration to improve education. The effective use of information and commu-
nication technologies (1cT) in education practice requires that both students and
teachers maintain a positive attitude towards these technologies, and develop their
use in educational contexts to update teaching methodologies based on education-
al neuroscience and neuropsychology. Thus, the use of 1CT requires a positive at-
titude when using these tools during the teaching-learning process, as a starting
point to improve the quality of the process. The article was written in the year 2016
in the faculty of Education of the Universidad Internancional de la Rioja. Method-
ology: The aim of this study is to analyze the student’s attitudes towards the use
of new technologies in primary school classrooms. We designed a questionnaire
and gave it to 1,770 students aged 11 and 12 years from 50 cerp (Infant and Pri-
mary schools). Results: In general, the results show that whilst students of 11 and
12 years do not show a rejection of the use of 1CT, a low percentage demonstrate
that they would prefer to use them in a group. Conclusions: An adequate use of
1cT in the classroom would depend on the predisposition of the students, and the
knowledge of the technologies and their use by teachers and students. Therefore, it
is reccommended for 1CT to be implemented in the classroom in order to improve
the teaching-learning process and to incorporate new methodologies from neuro-
science research.
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ESTUDIO DE LA ACTITUD ESTUDIANTIL FRENTE
A NUEVOS CONTEXTOS TECNOLOGICOS Y EL
PROGRESO DE LA NEUROCIENCIA

Resumen. Introduccién: la tecnologia y la neurociencia se han cohesionado fuertemente
para colaborar con la mejora en la educacion. El uso efectivo de las tecnologias de la in-
formacidén y la comunicacion (T1c) en la practica educativa requiere que los estudiantes y
profesores mantengan una actitud positiva hacia estas tecnologias y desarrollen su uso en
contextos educativos para actualizar metodologias de ensefianza basadas en neurociencia
y neuropsicologia educativa. Por lo tanto, el uso de las T1c demanda una actitud positiva
al utilizar estas herramientas durante el proceso de enseflanza-aprendizaje, como punto de
partida para mejorar la calidad del proceso. Este articulo fue escrito en el 2016 en la Facul-
tad de Educacion de la Universidad Internacional de la Rioja. Metodologia: el objetivo de
este estudio fue analizar las actitudes de los estudiantes hacia el uso de las nuevas tecnolo-
gias en las aulas de la escuela primaria. Disefiamos un cuestionario y lo entregamos a 1770
estudiantes entre los once y doce afios de edad de cincuenta cerp (escuelas infantiles y de
primaria). Resultados: en general, los resultados muestran que aun cuando los estudiantes
entre los once y doce afios no muestran un rechazo al uso de las TIc, un bajo porcentaje
preferiria usarlas en un grupo. Conclusiones: un uso adecuado de las TiC en el aula depen-
deria de la predisposicién de los alumnos, asi como del conocimiento de las tecnologias y
de su uso por parte de profesores y estudiantes. Por lo tanto, se recomienda implementar las
TIC en el aula para mejorar el proceso de enseflanza-aprendizaje y para incorporar nuevas
metodologias de la investigacion en neurociencia.

Palabras clave: TIC, innovacion, aprendizaje, neuropsicologia, estudiante, profesor.

ESTUDO DA ATITUDE ESTUDANTIL DIANTE
DE NOVOS CONTEXTOS TECNOLOGICOS E
O PROGRESSO DA NEUROCIENCIA

Resumo. Introdugdo: a tecnologia e a neurociéncia tém se mantido coeso para colaborar
com a melhoria da qualidade na educagio. O uso efetivo das tecnologias da informagéo e
da comunicagio (TIC) na pratica educativa requer que os estudantes e os professores pre-
servem uma atitude positiva diante dessas tecnologias e desenvolvam seu uso em contextos
educativos para atualizar metodologias de ensino baseadas em neurociéncia e neuropsico-
logia educativa. Portanto, o uso das Tic demanda de uma atitude positiva ao utilizar essas
ferramentas durante o processo de ensino-aprendizagem como ponto de partida para me-
lhorar a qualidade do processo. Este artigo foi escrito em 2016 na Faculdade de Educacdo
da Universidad Internacional de la Rioja. Mefodologia: o objetivo deste estudo foi analisar
as atitudes dos estudantes diante do uso das novas tecnologias nas salas de aula dos pri-
meiros anos do ensino fundamental. Desenhamos um questiondrio que foi aplicado a 1770
estudantes entre onze e doze anos de idade de cinquenta cCEIP (escolas infantis e de ensino
fundamental). Resultados: em geral, os resultados mostram que, ainda quando os estudan-
tes entre onze e doze anos ndo mostram uma rejeicdo ao uso das TIC, uma baixa porcen-
tagem preferiria usa-las num grupo. Conclusdes: um uso adequado das TIC na sala de aula
dependeria da predisposi¢do dos alunos bem como do conhecimento das tecnologias e de
seu uso por parte dos professores e dos estudantes. Portanto, recomenda-se implantar as
TIC na sala de aula para melhorar o processo de ensino-aprendizagem e para incorporar
novas metodologias da pesquisa em neurociéncia.

Palavras-chave: TicC, innovagio, aprendizagem, neuropsicologia, estudante, professor.
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Introduction

In recent years, cognitive neuroscience and tech-
nology have been developing in parallel and col-
laborating closely [1]. The use of neuronal imaging
techniques, along with other types of electrophysi-
ological techniques makes it possible to obtain new
scientific knowledge for a better understanding of
brain processes. It also allows us to know in which
part of the brain (along with when and how) these
processes are integrated in order to better perform
learning processes [2]. As an example, we can find
several studies concerned with global functional
connectivity [3], the neural correlates of the action
denomination and spatial relationship [4], or the rela-
tionship between the neural substrate related to the
sense of touch and object recognition [5]. As research
progresses, some techniques have been used to run
a cross validation of several techniques such as elec-
troencephalogram (EEG) and RNMF (magnetocepha-
lography) that allow a better understanding of brain
functioning [6]. These technological advances favor,
not only the development of knowledge about brain
function, butalso an understanding of the complexity
of the information processing involved in attention,
memory, thinking skills and learning that require
the synchronization of a multiple neuronal network.
Access to this information by the teacher opens up
the possibility of applying neuropsychological prog-
ress to the educational context, including programs
to develop multiple intelligence [7], neuropsychology
and technology programs to improve language dif-
ficulties [8], or programs applying neuropsychology
to schools at different ages. Some studies have shown
an improvement in processes such as attention, moti-
vation, and memory in university students when
technology is used based on neuroscience strategies
[9]. When referring to attitudes, decision-making
and emotions, there are also a number of studies
based on the use of technologies. An example of this
can be found in the study by Greene, Sommerville,
Nystrom, Darley and Cohen [10], which examined
the role of emotion on moral judgment using RNME.

1.1 Neuropsychology and Technology
in Students aged 11 and 12

The neurofunctional basis of cognitive and emo-
tional learning allows us to have a perspective of
the brain as a functional support for learning, and
it particularly allows us to apply technological

methodologies in the classroom [11]. It is therefore
relevant to know the neurodevelopmental character-
istics of the students included in this work in order
to use technology from the neuropsychological per-
spective. The development of their brain functional-
ity shows that during this period (11-12 years) they
are capable of processing information in different
areas of the brain at the same time, in order to inte-
grate and coordinate the information. This complex
information processing requires a certain degree
of brain development and myelination of neurons,
along with an increase of neurotransmitters in the
synaptic processes [12]. When observing children
of this age using technology, we can appreciate
the high degree of interest that it generates, along
with the implications of the tasks and multitasking
actions that they are required to perform. Further,
this is a period involving better comprehension,
memorizing and organizing, for which it is neces-
sary that they develop the frontal lobe areas and
integrate information through the hard body that
links both hemispheres [13]. When technological
methodologies are applied considering these facts, it
helps the teacher make decisions regarding the use
of technology as an efficient tool for neurodevelop-
mental progress rather than as mere entertainment.
At this age the reading and comprehension speed
increases due to binocular reading using both eyes,
which allows for higher precision and higher visual,
visuo-spatial and visuo-motor skills that are devel-
oped between 6 and 11 years of age, and that con-
tinue to develop thereafter [14]. A further important
aspect worth considering is attention. Between the
ages of 9 and 12 years, children develop attentional
control processes that improve selective attention
[15], and attentional difficulties are due to a lack
of development of the frontostriatal circuit that is
responsible for inhibitory control (and that con-
tinues to develop during adolescence), rather than
due to selective immaturity [16]. Technology can
facilitate the development of selective attention and
focusing when doing homework as well as work-
ing memory, given that during this age grey mat-
ter increases in parietal and frontal areas that are
involved in this type of memory process [17].

1.2 Neurotechnology

Over the last few years, technology has been incor-
porated into the classroom, and is now believed to
be present in every school. As early as the 1970s,
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some authors suggested that adaptation to the envi-
ronment in the digital era entails training and using
new technologies in all the subjects in schools [18].
However, in order to use them correctly, we need
to know the effects that they can have on the gen-
eration of knowledge, and therefore establish the
relevance of training teachers and understanding
the development of knowledge when interacting
with technologies. Based on these suggestions, our
study aims to incorporate educational neurotech-
nology into our educational and neuropsycholog-
ical research. We therefore find a bridge between
two relevant areas of study for the educational con-
text: neuropsychology and technology. These areas
offer the opportunity to promote a more successful
learning experience. Educational neurotechnology
focuses on the use of technology in the educational
context by also analyzing neural processing. It can
therefore be regarded as a new science of learning
based on the knowledge of the brain and the meth-
odology used when including technology in the
classroom context [11].

This methodology focuses more on “how”
learning occurs rather than “what” is being learned.
In the current context we can find a high diversity
of sources of information, news, data and an over-
abundance of information, and we require a learn-
ing approach focused on inquiry, coordination and
dynamic articulation processes of knowledge to
solve problems rather than simply acquiring fixed
knowledge. The key is to know the advantages of
using technology for our brain, as well as to dis-
cover its drawbacks, in order to develop new strat-
egies. For instance, Small [19] suggested that whilst
the use of the Internet has a positive impact on
brain functioning, it is problematic when overused.
Individuals that spend around ten hours per day
using the computer can show a reduced aptitude for
interpersonal contact, such as keeping a conversa-
tion face to face. Small [19] also suggested that the
Internet has changed not only the way people pro-
duce and create content, but also the way they com-
municate and experience enjoyment. The Internet
also alters brain functioning [19].

We should take into account that when using
technology, the effect of stimulus-response takes
place at a speed that does not occur in the analogic
context. The success achieved when playing videog-
ames, for instance, is due to the decisions we make.
Linehan, Lawson and Doughty [20] developed a
serious game designed to improve behavior when
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making collaborative decisions. The game MetaVals
aims to develop collective decision-making pro-
cesses in pairs [21]. It is critical to understand that
with the use of technology we can maximize the
sensory information that we receive through mul-
timedia sources. This allows the stimulation and
potentiation of the capacities of both hemispheres,
stimulating both ways of thinking in order for them
to complement each other. This in turn would help to
fulfill the great potential of the human brain in a
holistic way.

1.3 Technology Application
and Development

In order to use this progress and apply innovative
programs, education that uses 1TC should offer the
conditions required to optimize the teaching-learn-
ing process, promote knowledge transfer, and incor-
porate new skills. Attitude is one important issue
that should be taken into account in studies about
learning contexts [22]. Learning contexts should
reflect the anticipated use of new knowledge in order
to avoid the loss of acquired knowledge [23-24]).
When implementing 171C, the educational context
should also be adequate, providing and preserving
the links with the context outside the classroom.
Moreover, the teachers should promote the student’s
participation with a positive attitude when using the
ITC, and also favor active construction of knowledge.
This requires an open learning space instead of a
mere transference of facts [22, 25-26]. Cooperation
and interaction in the classroom are also import-
ant to promote the acquisition of learning skills,
problem solving sKkills, and social relations [27-29].
Finally, given that we can find differences in skills
and perception in the classroom towards the use of
ICT, these differences should be considered as key cri-
teria for an effective teaching-learning process in the
classroom [30-32]. Thus, the responsible authorities
should adapt the educational context to the needs
and capacities of the individual students.

ITC can contribute to the creation of power-
ful learning contexts in various ways. In particu-
lar, 1cT offer opportunities to access a vast quantity
of information through multiple resources, along
with various ways to visualize this information
from different perspectives. 1TC can also make com-
plex problems easier to understand through simu-
lations that promote the creation of an optimum
learning context [33]. Moreover, ITC can also be an
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instrument for curricular differentiation, offering
opportunities to adapt learning content and tasks
to the specific needs and skills of each student, and
offering tailored information [34-35].

However, some studies show that the approach
in schools is focused on the use of 1cT based on tra-
ditional knowledge [35-38]. A recent study about the
impact of ICT on student performance (including 60
schools) showed that the percentage of lessons that
included 1cT was generally low. And whilst some
links were found between the amount of use of 1cT
and student’s performance, this relationship was not
consistent across all the different levels.

1.4 Programs of Educational
Neuropsychology using Technology

Educational neuropsychology programs train visual,
auditory and perceptive skills, and sensory integra-
tion and lateral development in order for the brain
hemisphere to provide good integration and com-
prehension of incoming information. These pro-
grams also improve linguistic and thinking skills,
memory and creativity, all of which favor neurode-
velopment and learning [39]. These processes can
be trained with technology using educational neu-
rotechnology programs [11]. Further, the students
show an attentional affinity towards technology that
facilitates creating strategies to access information
and new neural circuits for learning, this is possible
due to the young brain’s plasticity [19]. Students also
display a profile that has both the necessary skills
and interest for using technology [40]. This allows
the use of neurotechnology to improve school per-
formance from a neuropsychological perspective.
Increasing the number of studies in this area will
open up new lines of educational and methodolog-
ical research. A first step in this analysis is to study
the attitudes of students towards technology.

2. Methodology: Experimental
Design

The present study aims to analyze students’ attitude
towards the use of new technologies in a Primary
School classroom. The study made use of a question-
naire methodology. The questionnaire was given to
asample of 1,770 students (Table 1) of 11-12 years old
from 50 different cerp (Infant and Primary schools).

We employed a questionnaire with closed questions
which had two possible outcomes: “Positive” and
“Negative”, and several open questions that allowed
the participant to provide more detailed informa-
tion and opinions related to educational contexts
and technologies applied to education.

The question in the questionnaire was: What
do you think of Information and Communication
Technologies? This question was also related to other
guided open questions to corroborate the students’
perception towards I1cT, with the following study
indicators: comprehension of the tools and applica-
tions; possibilities to use it as a future working tool;
accessibility for students and teachers; interaction
in the classroom; active communication; speed and
easiness of use, and educational support.

The questionnaires were given to the students
in order to know their attitude, given that, with this
information, we could change, modify, or develop
different teaching methodologies using 1Tc as a sup-
port to generate new knowledge for the students. The
sample analyzed in this study was composed of stu-
dents from 6" grade Primary School, recruited from
various Infant and Primary Schools in Spain.

2.1 Statistical Analysis

We made use of spss 13 (Windows version) pack-
age for the statistical analysis. As a preliminary step,
we analyzed the normality and homogeneity of the
variances. In addition, we ran a descriptive analysis
of the sample. For each of the analyses, we consid-
ered the number of valid cases, excluding cases with
lost data. The frequency tables display the absolute
frequency of the valid cases for each of the variables
(frequency), percentage frequency (percentage), per-
centage frequency of the valid cases, that is, elim-
inating cases with lost data (valid percentage) and
the accumulated percentage frequency (accumu-
lated percentage).

Table 1. Sample distribution

Frequency Percentage (%)
Male 921 52
Female 818 46.2
Total 1,739 98.2
Lost data 31 1.8
Total 1,770 100

Source: Compiled by the authors
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As a measure of the relationship between the
variables evaluated in the frequency tables, we used
the Chi-square statistical analysis. A p < 0.05 value
indicated that the variables were related (for some
results we also provide the Likelihood ratio). For
each relationship of interest, the statistical analy-
sis is provided, with a significance level predeter-
mined at p < 0.05. Once the relationship between
two nominal variables was obtained, we evaluated
the strength of this relationship using the contin-
gency coeflicient. When appropriate, we compared
the mean values —for instance the male and female
student’s age-using a T Students for independent
samples. For all of the cases we adopted a signifi-
cance level of confidence of 95 %, and all cases with
lost data were excluded. We applied the Levene (F)
test as well as the T (t) statistics, degrees of free-
dom (df), the bilateral significance, the means dif-
ferences for each group, and also applied the typical
error of the mean difference.

3. Results

After analyzing the student’s responses to the open
questions, they were asked to respond to the ques-
tion: “What do you think about the Information
and Communication Technologies? It was found
that 86.3 % (1,527 of 1,770 students) of the sample
answered with a generally positive opinion of ICT.
Their answers to the open questions included the
following comments: “They are important because
we learn easily and they are fun” “They allow us
to do many things”; “Theyare fun”; “Theyare easy to
use”; “They provide a higher diversity of activities,
and they are useful to gather information easily”
“They are quicker”; “They are important to com-
municate with others” “They support the study
process”. Apart from the most common answers as
seen above, some students pointed out that there
are insufficient technological tools in their school
or that they are not in use.

The students with negative attitudes to ICT
accounted for 5.4 % of the total sample (96 of 1,770
students). On the basis of these results, we can con-
clude that the majority of students take a positive
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stance towards 1CT. Amongst the negative answers
given by the students, some examples included: “We
don’t know much about them, They can be addic-
tive”; “They are OK, but I prefer the text book for
some things” “They are a waste of time”. These
answers are of interest because they show that some
students do not have enough knowledge about 1cT,
given that in some schools ICT tools are not imple-
mented, or if they are implemented, they are not in
use or are only used to project video. Under these
circumstances, the students would not be expected
to be aware of their functionality or potential edu-
cational value. One of the answers that is of special
interest is “They can be addictive”. The students are
familiar with the use of 1cT in their homes without
much control other than that of the family. The teach-
ers, however, can offer some guidance in the class-
room about the function and use of the tools by using,
for instance, programs for learning how to interact
with 1cT guides for Internet surfing, social networks,
and various types of games. A percentage of the sam-
ple, 8.2 % (146 of the total 1,770) did not answer this
question.

The students’ attitude obtained from the data
in this study is somewhat puzzling, given that not
all of the students indicated that they like 1cCT,
whilst some did not understand the use of cT in the
classroom as being something positive. Only 60 %
of the sample stated that they like to use 1CT in the
teaching-learning process, are motivated by its use,
have a better understanding of concepts, and like
to write essays with these tools. These data are sur-
prisingly low, given that 1cT technologies appear to
be generally welcomed by schools (Table 2).

We also analyzed gender differences in an
attempt to examine whether they reflect some of
the stereotypical views held in society regarding the
use of 1cT by male and female children —for exam-
ple that boys like 1cT more than girls. A total of
52 % (921 of the 1,770) were male, whereas 46.2 %
(812 of the 1,770) were female. Subsequent analysis of
these differences revealed that there were no signifi-
cant differences in the general perception of the use
of 1cT, but there were significant differences regard-
ing the positive or negative value of these technolo-
gies (Table 3).
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Table 2. Student’s attitudes towards 1cT

Items Percentage (%)
DA N A CA
I like using ICT as a tool in teaching and learning 40 0 0 60
I don't like to use ICT as a tool in teaching and learning 40 40 10 10
I am very motivated with the use of 1cT in teaching and learning 10 10 20 60
I like to participate in classes when using 1cT 30 0 20 50
I like to present work with 1CT in the classroom as they are very easy to use 30 0 10 60
With 1cT I can understand the concepts more efficiently 20 0 20 60
When I use 1cT my attention in class increases 20 10 20 50
DA: Disagree; N: Neutral; A: Agree; CA: Completely Agree
Source: Compiled by the authors
Table 3. Chi-Square Tests
Value Df Asymp. Sig. (2-sided)
Pearson Chi-square 1.685* 2 0.431
Likelihood Ratio 1.701 2 0.427
Linear-by-Linear Association 1.676 1 0.195
N of Valid Cases 1,739 0 0

* 0 cells (0%) have expected count less than 5. The minimum expected count is 6.92

Source: Compiled by the authors

4. Discussion and Conclusions

The importance that we assign to the use of 1CT is
of considerable significance [41]. Our results show
that even in schools that have an equivalent 1CT
system in place, students perceive these technolo-
gies differently in terms of availability and use from
other related tools. In particular, students can be
categorized into two groups according to the type
of answer given. Those that say that “The tools in
the school are not enough and not used”, and those
that perceive that the infrastructure available is ade-
quate and that “The 1CT tools are important because
we learn easily and have fun” “They allow us to
‘We understand them”;

do many different things”;
“They are easy to use”; “They provide a wider range
of activities”; “They support our study”.

The attitude that students have towards the use
of 1cT has a significant impact on the learning con-
text, and this attitude is defined by different factors.
The teachers’ skills in terms of the use of ICT play an
important role [42-43]. Another aspect that could
influence this attitude is the ease with which the

students are able to access 1CT [44-45]. This refers

not only to the number of computers per student,
but also to the positioning of the computer station,
for example, the computer room or the classroom.
Kennewell et al. [44] considered crucial to place
computers in the classroom so as to maximize the
opportunities for 1CT to be part of the curricular
activities. These authors suggested that the number
of computers, however, is less important.
Additionally, the teachers’ pedagogical per-
spectives and their point of view about how 1cT can
contribute to the learning context play an important
role in the real use of 1cT in the classroom [46-49].
Switching towards a learning context focused on the
students, and where teachers create the intellectual
learning context is of particular interest. This applies
specially to open learning contexts [50-51].
Another factor to take into account is the pos-
sible difference with regard to the use of 1cT deter-
mined by gender. It has been suggested that female
children have a less positive attitude towards 1CT
than male children [52-54]. However, we found no
significant differences related to gender when ana-
lyzing the closed question about attitude towards
IcT. This could be due to the small differences
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obtained with young adults [55-56]. The students in
our study displayed, in general, positive responses
regarding the use of 1cT. The students that showed
anegative attitude towards the use of 1cT accounted
for only a low percentage of our sample, particu-
larly with regard to attention, motivation, and a
deeper understanding of concepts. We did, how-
ever, find a high percentage of respondents with
a positive attitude towards the tools and applica-
tions, the speed and ease of use of 1cT, the confi-
dence of its use at work, the ease of understanding
and learning, the interaction in the classroom, or
active communication and educational support.
This result is not surprising if we consider the pref-
erence that young students show towards technol-
ogy [40]. These results could be explained in terms
of an increased need to train the teachers and
update their knowledge of technological progress
and methodological changes that come from neu-
ropsychology and technological research studies.
This new knowledge could be implemented in the
classroom context to innovate and improve educa-
tional experiences in the classroom.

We can draw several conclusions from our
data regarding students’ attitude and their percep-
tion of the use and influence of 1CcT in the class-
room. All the schools that participated in this study
had the same technological facilities, and the pat-
tern of responses was, in general, similar across the
schools, regardless of the use of the 1cT in the dif-
ferent centers. The students’ opinion towards ICT is,
in general, positive, and we found no gender differ-
ences in the responses of our participants.

Whilst the students’ attitude towards the tech-
nological tools is generally positive, their evalua-
tion of the 1cT use in the classroom is particularly
low. The participants in this study do not regard the
use of 1cT in the classroom to be adequate, and do
not believe that 1cT tools could function as a sup-
port for improving the understanding of concepts,
attention, or acquisition of knowledge. On the basis
of these findings, both educational authorities and
teachers should tailor the use of 1cT to the individ-
ual needs of each technological-educational context
when incorporating 1cT into the teaching-learning
process. The unique requirements of each context
would be provided by individualized assessments.

A future perspective could start and focus
on developing educational neurotechnology pro-
grams for neuropsychological skills training
along with programs based on the findings from
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neurosciences and neuropsychology in order to
develop the student’s potential. In addition, these
should be adapted to the needs of each educa-
tional context to improve the quality of the teach-
ing-learning process.
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