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Abstract: The Sustainable Development Goals (SDGs) 4, 5 and 9 are related to the quality of educa-
tion, gender equality and the use of new technologies. It is important to bear in mind that a major
part of the success of education has to do with students' motivation, which is closely connected to
the use of technologies in the classroom. For this reason, a study was carried out with 131 students
aged 12 and 13, 58 girls and 73 boys, who use a tablet in their Science classes. The purpose of the
study was to determine, based on the Self Determination Theory, the level of intrinsic motivation of
those adolescents towards the use of tablets in the classroom. The study measured the interest they
have in the tasks and the value they assign to said tasks, as well as their perception of their compe-
tence in using tablets. The results reveal that students' motivation is high without significant differ-
ences between girls and boys when technological resources are included in teaching-learning pro-
cesses. This is reflected by the improvement of their academic performance. It is thus possible to
state that SDGs 4, 5 and 9 can be achieved.
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1. Introduction

1.1. Sustainable Development Goals and their Relationship to Education

In 1990 the World Declaration on Education for All and Framework for Action to
Meet Basic Learning Needs set the basis for reconsidering education at a global level, es-
tablishing a calendar geared at adopting measures and monitoring the actions imple-
mented [1].

Subsequently, two different but interconnected plans were drafted under the motto
"Education For All", namely the Millennium Development Goals [2] and the Sustainable
Development Goals [3]. The latter were an extension of the first plan, in which access to
primary education together with equality of men and women were two major priorities.

Note should be made that in view of the impossibility of achieving the Millennium
Development Goals by 2015, the Sustainable Development Goals (hereinafter referred to
as SDGs) were proposed to give continuity to the former and adapt to the reality of the
current context, covering 17 different areas and extending the deadline by which to
achieve them to 2030. The objectives are organised by economic, social and environmental
dimension or category, ensuring at all times compliance with human rights, gender equal-
ity and the reduction of inequalities [4].

Education is a major element of the 2030 Agenda, in which it has been assigned a
strategic role as an independent area: SDG 4, Quality Education [5]. For this purpose, the
objective focuses on inclusive and equitable education, and on promoting learning oppor-
tunities for everyone during their lifetime. The major SDG 4 objectives include not only
the Millennium Development Goals in respect to education (to ensure primary education
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for all boys and girls [2], but also to ensure that all boys and girls successfully finish sec-
ondary education and thus facilitate an equitable access to higher education [6]. In conse-
quence, SDG 5 on Gender Equality is particularly important, not only at the social level
but also in an educational context. In other words, establishing synergies between SDG 4
and SDG 5 is both possible and necessary [7].

In addition to the clear relationship that exists between SDG 4 and SDG 5 in the cur-
rent social context, they are also closely connected to SDG 9 on Industry, Innovation and
Infrastructure. This objective highlights the role of the new technologies at present, and
thus proposes significantly increasing access to Information and Communication Tech-
nologies (hereinafter referred to as ICTs) [2,6]. In fact, had it not been for the scope of said
technologies during the COVID19 pandemic, it would have been very difficult to continue
the schooling and training processes underway when the coronavirus appeared and cur-
rently in progress [8].

In this globalized 21st century world, ITCs form part of everyone’s life. In fact, the
majority of present day children and adolescents do not know any other reality in which
they did not exist. For this reason, as ICTs are increasingly present, not only to optimize
teaching-learning processes, but also for teaching obligatory content and to try to attain
the aforementioned sustainable development objectives (SDGs 4, 5 and 9), it is necessary
that school children feel motivated by learning provided by means of elements which at-
tract them most, namely ICTs [9,10].

From the foregoing it follows that in order to promote and provide sustainable edu-
cation, it is necessary to have quality education (SDG 4) that avoids discrimination (SDG
5) and that facilitates access to Information and Communication Technologies (SDG 9).
This quality education is closely related to students' motivation [11], which is usually con-
siderable and is enhanced when ICTs are integrated in teaching-learning processes [12].
In this respect, note should be made of the Eurydice report in 2002, which highlights that
quality education must foment the development of a series of key competences that enable
individuals in general and children and adolescents in particular to grow and thrive
throughout society, one of these key competences being the effective command and use
of technology.

1.2. Motivation: Self-Determination Theory

The Self-Determination Theory developed by Ryan and Deci [13] focuses on the in-
dividuals” healthy development and on the accomplishment of their psychological needs.
Therefore, learning has a relationship with cognitive and motivational aspects [14]. Grant
and Dweck [15] argued that achievement goals are related to motivation of achievement,
and that learning goals affect positively intrinsic motivation and performance when indi-
viduals face challenges, such as learning. McInerney, Marsh and Yeung [16] affirmed that
goals help a person achieve desired results. Pintrich and De Groot [17] suggested that it is
possible to study motivation according to three dimensions: competence perceived, value
regarding the importance attributed to the task, and the emotional reactions produced.

Schunk [18] defined a goal as a standard of demand whereby individuals judge their
success or failure. There were two types of goals: performance goals were related to vali-
dating one’s capability, and learning goals focused on making an effort to learn and have
command. The performance goal approach focuses above all on the “me”, whereas the
learning objectives or mastery approach focuses on the learning activity [15,19,20].

Learning or mastery goals were positively associated with intrinsic motivation and
academic performance, for instance self-efficacy, positive emotions and general well-be-
ing [21].

At present, when talking of motivation there are different theories shared by every-
one [22,23], but there are several aspects connected to the Self-Determination Theory, be-
ing the achievement objectives the main ones:

- The expectation of achievement goals is related with competence [24].
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- Personal motivation is determined by personal feelings and interests (intrinsic
motivation), or by the influence of societal aspects aiming at getting a reward or avoiding
a punishment (extrinsic motivation) [25].

- Following Bandura’s theory of social-cognitive learning [26], competence per-
ceived, also known as self-efficacy, has an influence on learning motivation according to
what individuals think they have achieved and taking into account their previous experi-
ences.

- As stated by Dweck and Legget [27] in their causal attribution theories, the
environment conditions human behaviour and, therefore, it can modify personality traits
in a positive or negative way depending on personal expectations.

Nowadays, educators consider intrinsic motivation is a key aspect in the teaching
and learning processes and their further achievements where parents also have a major
role [28].

When individuals enjoy or feel any kind of pleasure while carrying out an activity
without any outside influence, intrinsic motivation comes into play [29]. As far as it has
already been explained, motivation can be intrinsic or extrinsic. In the particular case of
extrinsic motivation a classification can be established depending on whether it is regu-
lated internally or externally. In consequence, motivation may affect student's perfor-
mance [30]. Within the educational context, there is usually a direct relationship between
students' intrinsic motivation improvement and their active participation in the learning
process [31].

There are three basic innate psychological needs according to the Self-Determination
Theory [29]; namely, the need of competence, or achievement; need for autonomy, or the
freedom of choice; and the need to be part of a group. Individuals' motivation and well-
being raise when these needs are fulfilled. The freedom a person has to act and to make a
choice (self-determination process) is associated to his/her intrinsic motivation. Intrinsic
motivation is not linked to any kind of need. Human beings, with no exception, have an
inborn predisposition to grow and develop [31, 32]. In order to feel motivated, support is
always required to prevent any undermining [29].

The lack of freedom to act (extrinsic motivation) makes intrinsic motivation decrease
[29,33]. That is to say, when individuals feel that others control their actions or decisions,
they lose interest. For example, in the educational environment, exams, close-dates, or
demanding educators, among others, can affect intrinsic motivation. On the other hand,
the perceived competence of individuals when something has been successfully imple-
mented without pressure makes intrinsic motivation rise. In the classroom teachers who
support students” autonomy and critical thinking also contribute to enhance the afore-
mentioned type of motivation.

As for personal and social relations (third type of innate human needs), it has to be
highlighted that they reinforce individuals' motivation and wellbeing. Feeling cared, and
safe are essential for human beings [34].

The Intrinsic Motivation Inventory (IMI) [35] assesses all these aspects in a test taking
into account different factors and contexts related to self-regulation and intrinsic motiva-
tion.

1.3. Effects of Technology on Education

ICTs have become the engine of growth of the world economy. They also have an
impact on the sustainability policies [36]. The OECD [37] fosters the use of these technol-
ogies at schools in order to prepare young people for adult life. In consequence, educa-
tional policies have reflected this particular situation. At the present time, there is growing
tendency among teachers and schools incorporating technology to consider it is very use-
ful to learn and motivate students [38]. In fact, the use of ICT gives the students more
control over their educational experience and it encourages them to learn [39]. For this
reason, not only the infrastructure in schools should increase but also the knowledge and
competences in the use of technological resources amongst teachers. In doing so, teachers
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are qualified to use them well and effectively in the subject they teach and in managing
their classrooms [38], thus meeting the objectives of SDGs 4 and 9 on Quality Education,
and Industry, Innovation and Infrastructure, respectively [6].

Due to the positive influence of the use of technologies on the motivation towards
learning, several studies have focused on studying the possible factors that have an impact
on the use of technologies, one of which is gender. Research studies offer results of the
possible differences that may exist in the motivation regarding the use of technologies
between girls and boys [40-42], due to the differences in how they use the technologies or
their previous experiences with them [43]. These studies report that there are differences
in motivation towards the use of technologies between men and women, highlighting a
more positive attitude in men than in women. However these differences are not found
when it comes to using them for educational purposes [41, 44]. This shows that the edu-
cation provided in industrialized countries is egalitarian and does not establish gender
differences, an aspect which is fomented by the United Nations [3,6] in its SDG 5.

The meta-analysis conducted by Kay [45] confirms that there are few differences be-
tween the attitudes, the skills and the use of technology between boys and girls, although
this is not the case in respect to the training received. He detects a small difference in the
better attitude of boys towards the use of technologies as compared to girls, and differ-
ences in skills to use technology in higher education in favor of boys. The meta-analysis
on the influence of gender on attitudes and motivation towards the use of technologies
developed by Cai, Fan and Du [46] confirm a decrease of gender differences in the dimen-
sion of Affect and the dimension of Self-efficacy, but not in the dimension of belief.

Technological resources take part of students' routines and, at the same time, they
offer different forms of communication compared to traditional ones enabling the devel-
opment of diverse capacities [47]. Nevertheless, in certain occasions the use of ICT does
not achieve all these objectives due to poor teacher training [48,49]. The potential of tech-
nology, its accessibility and students' interest on it make teachers feel appealed to use this
type of resources [50].

Nowadays, most teachers are conscious of the different possibilities technology of-
fers. To this respect and in relation to education, it helps implement active learning meth-
odologies [51-53]. It should be highlighted that many students get distracted when mobile
technology (namely tablets, laptops and cell phones) is used in class. These  resources
have contributed to the development of M-learning as an innovative methodology.

Although research is controversial concerning this new type of learning, in general,
two perspectives can be distinguished. On the one hand, learning is approached from
technology. And, on the other, learning takes into account individuals, and the scenarios
and situations where education happens. In this setting, communication is a cornerstone
since students feel the need to interact all the time. Therefore, conversing through mobile
technology becomes an additional educational methodology [55, 56]. Consequently, mod-
ern learning comprises cognitive aspects and the mastering of technology since a good
command of the latter contributes to the development of creativity, the implementation
of cooperative activities and inquire-based learning, and the strengthening of self-confi-
dence [57, 58].

2. Materials and Methods

This research is aimed at comparing if there is any difference in the motivation of
students (boys and girls) aged 12-13 when they use tablets or not in class. Three dimen-
tions are taken into account: interest and satisfaction related to task performance, per-
ceived competence and the importance given to tasks.

The instrument used to assess intrinsic motivation is based on the Intrinsic Motiva-
tion Inventory (IMI). It comprised 17 questions whose answers were applied a Likert scale
with 5 different options. Two groups of students using tablets to complete science activi-
ties were administered the 17-question test. There were no significant differences in the
sociocultural contexts and schools of students.
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The sample comprised 131 students, 58 girls and 73 boys, aged 12-13 at 1st year of
Compulsory Secondary Education [ESO by the Spanish acronym]. The test was admin-
istered during a class in the month of December of the 2017-2018 school year, right before
Christmas holidays. The students had been using tablets at school for three years and for
the entire school year up to the time of the test, which lasted 30 minutes and was com-
pleted online.

2.1. Instrument

The intrinsic motivation test given to the students consisted of 17 questions with a
Likert scale. The students had to select from 1 to 5 as an answer for each item, 1 being
equivalent to Nothing and 5 to A lot.

This instrument assessed the following dimensions: the subject’s satisfaction or in-
terest for a specific activity, his/her perception of the competence he/she has and the value
or utility provided by the activity in which the subject is participating. All of these dimen-
sions are closely related with the three innate psychological needs assigned to human be-
ings by the Self-Determination Theory. Six items referred to the student’s interest or sat-
isfaction for the task he/she is performing, six to how competent the student considers
himself/herself to be in using the textbook or the tablet, and five asking about the utility
or the value they assign to the tasks they perform.

3. Results

The average and the standard deviations calculated from students' responses are
shown below. Interest and satisfaction items results appear in Table 1.

Table 1. Average of students” answers to questions regarding their interest and satisfaction in con-
nection with the tasks they perform.

Item Girls Boys
I enjoy working at school 4.03+1.20 4.18+0.80
and at home
I have a good time working 3.87+1.12 4.09 +0.62
at school and at home

After having worked on 3.33+£1.22 3.78 £1.06

school tasks, I feel better

I really wanted to use my 3.77£1.11 4.03 £1.07
tablet to do my school tasks

I have enjoyed when the 3.60+1.33 3.86+0.96

teacher has explained us how
to work in class
I use my tablet to learn 3.70+1.39 3.68 +1.11
things that are different from
what I learn at school

Boys express greater interest and satisfaction in five of the six questions. Girls only
obtain a slightly higher result, namely 3.70 compared to 3.68, for the item that refers to
learning things that are different from what they learn at school. The most significant dif-
ference, namely 0.45 points, is for the question about how they feel when they do their
work. The average in these questions for the girls is 3.72 and for the boys is 3.94; therefore
the use of tablets has a very good effect on interest.

In Table 2 it is possible to see information related to the perceived competence of
students using the textbook or the tablet as resources when they study.

Table 2. Average of students” answers to questions regarding how they perceive their competence
to use the necessary tools to study.
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Item Girls Boys
I think I am good in tasks 3.73+1.29 3.62+0.81
done with the tablet at school
I am satisfied with the work I 3.50+1.41 447 +0.67
do with the help of the tablet
I think that I use the tablet 3.37+1.44 2.73 £1.09
better than my classmates
I think that I understand 3.60+1.20 410+0.84

very well how I have to work
at school and at home
I like the way I was taught to 3.50+1.23 4.14 +0.87
use the tablet to do my
school work
I see my work as something 3.03+1.33 3.79+1.03
that I want to do and not as
an obligation

Both consider themselves competent when using the electronic device to do their
school work, and the boys' results are better than girls in four questions. Girls get a better
punctuation in two questions: it is slightly better in "I think I am good in tasks done with
the tablet at school”, 3.73 compared to 3.62, and a great difference (0.64) in the item "I think
that I use the tablet better than my classmates”, 3.37 compared to 2.73. Boys achieve much
better results in four questions, with an average difference of 0.72. The greatest difference
is 0.97 in the item "I am satisfied with the work I do with the help of the tablet". The aver-
age in this dimension is 3.45 for girls and 3.81 for boys.

The results in the dimension regarding the value of the tasks are shown in Table 3.

Table 3. Average of students’ answers to questions regarding the value of the tasks they perform.

Item Girls Boys
I think it's important to use 420+091 3.65+1.00
the tablet for school work
I think that learning at school 3.96+1.23 3.86 +0.81

with the tablet is something
good for me

I think about working with 3.93 £1.00 3.56 £ 0.93
the tablet both at school and
at home
I think that using the tablet at 4.30 £ 0.86 3.79£0.95

school has been of great
value for me
I feel like working more 3.90£1.30 3.62+1.18
when I use the tablet

Both consider that working with a tablet has been of great value for them, and that
when they use this electronic device they feel like working more. In this dimension girls
working with tablets have higher scores on all items. The smallest difference between girls
and boys (0.10) is in respect to students’ consideration of learning at school with the tablet
is something good for them. The biggest difference (0.55) is that the use of tablet is im-
portant for school work at school. In this case, the girls” average is 4.06 and the boys’ is
3.70.
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Both groups have very good results in these dimensions. Boys get better results than
girls in 9 items and girls obtain better results in 8 items. The average of the 17 questions is
3.72 for girls and 3.82 for boys.

4. Discussion

There is no doubt concerning the benefits new technologies, in general, and tablets,
in particular, have in the teaching and learning processes nowadays [59]. This is sup-
ported by the scores obtained in this research (3.72 and 3.82) in relation to the motivation
students feel after using tablets at the high school to study and learn science.

Previous research, such as Sanz's [59], show that 91% of students agree with the im-
portance of using tablets in academic settings because they feel more motivated to study.
Among these students, 47% of them think that the information presented with tablets is
clearer.

This is confirmed by the study’s results, since in the aforementioned sample students
with tablets express a great motivation in all items. Boys have only one question below
3.5, namely "I think I use the tablet better than my classmates"”, and therefore it is only a
matter of comparison with other students who use tablets. Girls have only three items
with a punctuation below 3.5 but over 3, namely "I see my work as something that I want
to do and not as an obligation", "After having worked on school tasks, I feel better" and
the same item as the boys’.

It is possible to compare our results with other similar studies in Table 4, including
one with 11 year old students who use textbooks and tablets [60] and another one with 14
year old students who use textbooks and tablets [61].

Table 4. Average of students’ answers to questions regarding the value of the tasks they perform.

Value of the tasks

Dimension Interest Perceived competence
11 year-old textbook 3.41 3.58 3.47
11 year-old tablet 4.02 3.92 4.00
14 year-old textbook 2.74 2.66 2.73
14 year-old tablet 3.67 3.71 3.59
12-13 year-old girls tablet 3.72 3.45 4.06
12-13 year-old boys tablet 3.94 3.81 3.70

As shown in the table, the results of the sample show a great motivation for boys and
girls. These results (use of tablet) are much better than those of 14 year-olds who use text-
books.

When the comparison is between students of different ages who use tablets, the dif-
ferences are quite small. The youngest students seem to be more motivated and the oldest
students seem to be less motivated than those younger students who use tablets.
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An idea that was not directly considered in the test was the use of the tool as support
for cooperative work. Sanz [59] pointed out that 74% of students believed that the tablet
had a clear cooperative use, and that it promoted said use.

A study conducted in Turkey in the framework of the FATIH Project to analyze,
among 206 14 and 15 year-old students in the 2011-2012 academic year, attitudes that
could affect the use of tablets in the classroom found a positive attitude towards the use
of technology and no significant differences between boys and girls [62].

5. Conclusions

According to the data obtained, students who use tablets are very motivated and, in
general, they are more motivated than those who use textbooks. If motivation is associated
to a better acquisition of the content to be learned, it can be inferred that the use of tech-
nology in the classroom can contribute to promoting quality education. This was found to
be the case in the study carried out by Huertas and Pantoja [63], which provided evidence
on how the use of ICTs in classrooms increased students' motivation, and how this is con-
nected to a significant increase of their academic performance. Hence, this is a case in
which the SDG 4 objective is met. Furthermore, by promoting the constructive use of ICTs
in the classroom for learning purposes, SDG 9 is also fulfilled.

SDG 5 regarding gender equality is also achieved, since the differences between girls
and boys are not significant, showing that the education received is equitable and that the
minor differences obtained are connected to personal perceptions.

More specifically and taking into account one of the dimensions tested, boys who use
tablets achieve better results in two dimensions and girls obtain a better score in the value
of the tasks they have to perform.

When comparing the grading of interest and satisfaction shown by boys and girls in
the performance of tasks, girls just obtained better marks in one out of the six questions,
being all deviations larger in girls. The total difference in this first dimension (interest and
satisfaction) between boys and girls is 0.22.

The difference is greater when students are asked about how they perceive their
competence when using the work tools. In this case, boys using tablets have higher scores
for four questions; girls achieve better results in two items. The difference in this dimen-
sion is 0.36.

In the third dimension, girls consider the tasks performed and the use of the elec-
tronic device to be more useful in comparison with boys in the six items. The difference is
0.36.

In general terms, the incorporation of ICTs to the classroom has positive effects for
the education of students, both girls and boys, at early stages of adolescence (12-13 years
old) in respect to motivation.
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