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Abstract: Information and communication technologies (ICT) are immersed in the teaching and
learning processes. Specifically, educational robotics is a technology with great projection in learning
spaces. This educational technology has revealed great potential in educational processes in the
scientific literature. In this study, the Makey Makey device has been used to carry out a methodological
contrast at the instructional level. The objective of this study is to verify if the use of the Makey
Makey robotic device influences various psycho-social and educational dimensions in the subject of
physical education. A quasi-experimental research design has been used in a sample of 177 students
from secondary education. A questionnaire was used as the data collection instrument. The results
show the ratings made by the control group students are lower than those of the experimental group
in all dimensions, although there is no relationship of significance in all dimensions. This fact only
occurs in motivation, teacher–student, student–content, collaboration, resolution, and teacher-rating
dimensions. Conclusions show that the teaching method in which robotics is used leads to more
success in the field of physical education if we compared it to the more conventional method.
The outstanding data show the teaching–learning process has the highest influence on motivation,
teacher–student, student–content, collaboration, resolution, and teacher rating.

Keywords: robotics; education; educative technology; educational innovation; active methodology;
academic improvements; secondary education; students

1. Introduction

The entry into the second decade of the 21st century is clearly defined by the widespread use
of technological devices for a variety of activities [1]. This generalization of technology has flooded
spaces, such as training, causing the need to adapt from an analogical era to a digital one, where
technological tools allow us to cover the basic needs of citizens [2,3].

Focusing our attention in the educational field, information and communication technologies (ICT)
have generated a deep revolution due to the constant technological advances and their implications in
the teaching–learning processes [4]. In this sense, the incorporation of technologies per se into these
processes does not imply educational improvements. There is evidence [5] that possible improvements
in learning are determined by how these technologies are applied and their ability to achieve significant
learning in a natural and dynamic way. Now more than ever, the importance of the pedagogical
approach to the application of ICT in schools cannot be overlooked. From this perspective, an innovative
paradigm can be aimed at teaching traditional content through a novel methodological approach that
focuses on the search for new content to teach, integrating and combining innovative activities that
promote and impact on the empowerment of students, with the intention of adopting a much more
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collaborative, active, and creative [6]. Specifically, recent applications of this new perspective show
great impact on how this integrative model of ICT in education can offer many advantages, particularly
related to body and musical expression. On the one hand, research shows it attracts the attention of
students by connecting with their interests and motivations. On the other hand, it really helps them to
integrate knowledge, mimic, kinaesthetic learning in a collaborative and participate way [7,8]. In this
sense, the multimodal vision defined by [9] as using ‘different modes to represent scientific reasoning
and findings’ opens up the possibility of presenting the same concept in different ways (descriptive,
figurative, experimental, kinaesthetic, and mathematical) with a diversity of interactive technologies.
In this way, multimodal representations are used to scaffold the construction of understanding, scientific
explanations, and reasoning [10], allowing for greater meaning in learning.

From the institutional perspective, teacher training is a fundamental pillar for the inclusion of
ICT in schools to be truly successful and generate significant learning. This vision implies a radical
change in teaching practice [11,12], making teachers the guides of the teaching–learning process [13]
and developing a series of technopedagogical skills to be able to use ICT in the classroom [14–16].
This change requires the support of educational administrations to apply policies that promote the
inclusion of ICT in training spaces [17] and allow for a response to the prevailing digital culture.
The final aim is for students to be able to integrate and correlate their learning with today’s digital
world and the new, interconnected world in which they live.

Roughly speaking, the incorporation of ICT in education must follow an interdisciplinary and
transversal process that promotes its use as an efficient pedagogical and methodological resource,
thus constituting a challenge for the educational system. Students and teachers must be committed to
interact with the social and cultural environment in which they work, adopting a new educational
approach [18] that allows them to learn to learn, create thinkers, encourage cooperative and collaborative
work, and solve problems by developing their capacity for expression and communication [19]. In this
sense, among the different technological innovations that can be used in teaching, one that has taken a
great leap forward is robotics [20,21].

According to several studies [22–24], robotics has been acquiring more and more importance in
educational spaces. Its use is most significantly focused on the secondary education stage. Among
the benefits of using robotics as a pedagogical resource [25,26], we may indicate the improvement
of autonomy, creativity, attention, and social relations in students. In addition, it generates more
motivating learning contexts, so that students can look for solutions and alternatives to the different
questions or doubts they may have in class in a self-regulated manner.

From a pedagogical point of view, robotics develops in students the computational thinking
that allows them to enhance higher order cognitive processing through abstraction, the use of logical
processes, and the application of algorithms [27], providing them with skills in the information and
knowledge society. In addition, the use of robotics in teaching involves promoting the power of
imagination in students. This allows them to respond to problems that arise with the resources available
to them [28]. In addition, it increases their artistic capabilities for robotic design, their manipulative
skills for the construction of the robot itself, and cognitive work. This promotes the development of
programming [29]. In this way, robotics provides another mode of interaction in the learning of content
by students within the multimodal perspective and the use of technological resources for teaching [30].

The virtues of the qualities developed by the inclusion of robotics in student learning processes
force teachers to take on new roles in teaching, acting as guides for all instructional actions. These
changes have also come from the student, who now develops an active role and promotes his or
her own learning [31,32]. These transformations have promoted significant improvements in several
aspects related to students, such as motivation [33]; teamwork; commitment to homework; interactions
between teachers and speakers, as well as the didactic contents [34]; active and protagonist participation
of students [35]; autonomy as a manager and builder of their wisdom [36] and in the positive attitude
of students [37] as outstanding academic indicators in the scientific literature. All this has a direct and
positive impact on the performance of the conditions shown by students in their daily lives [37,38].
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As a clear consequence of all this, there is an improvement in the scores on assessment tests and in
the achievement of objectives and competencies by students [39,40]. Due to the potential offered by
robotics in the teaching and learning process, each one has been considered as study dimensions.
From now on, these are developed in greater depth for a better understanding and structuring of the
study (Section 2.3).

The review of scientific works on the implementation of robotics in teaching explains that its use,
compared to traditional training methodologies of an expository nature without the use of digital
resources, becomes an effective approach to teaching and learning in different subjects and educational
levels [22,23,35,37,40,41].

In the specific case of experiments carried out on robotics in the area of physical education at the
compulsory secondary education stage, the studies raise the possibility of integrating robotics into this
subject through the use of robotic resources with which students interact with robots [41]. In physical
education, the use of these robots helps students improve the acquisition of knowledge, increase
motivation, and improve attention span, participation, the school climate, and digital competence in
students [8]. Furthermore, the scientific literature reflects that the use of robotics in subjects, such as
physical education, allows the development of attention, interaction, motivation, and the attraction of
students for the learning process [42].

Among the devices, at the robotics level, that can be used in the teaching and learning processes
is the so-called Makey Makey. This technological resource was developed by Jay Silver and Eric
Rosenbaum from the Massachusetts Technology Laboratory in the United States [43]. The Makey
Makey device has an appearance similar to that of a traditional video game console. It is connected to a
computer and is conceived as additional hardware, which allows the transfer of data and orders. Thanks
to the Makey Makey, users have the opportunity to achieve new interactions with the machine. All this
with the purpose of promoting diverse capacities in people, such as creative thinking, imagination,
and the ability to design new interactive projects through robotics [44].

Primarily, this technological resource is made up of several components (Figure 1). On the one hand,
at the top, there is a USB port for easy connection to the computer. The front part has the necessary means
to be able to control the device interactively. On the back, there is the motherboard next to the processor
based on the Arduino programming language. On the other hand, there is the wiring and control clips,
which are connected in various slots, both on the front and on the back [45–47]. In order to interact
with other everyday objects, the Makey Makey components include actuators, sensors, and a processor
as a logical part of the device. This contributes to the development of all kinds of instructional activities
where the student has a great participation and decision in the formative actions [48].

Figure 1. Components of the Makey Makey.



Educ. Sci. 2020, 10, 239 4 of 14

This technopedagogical resource has several practical implications. Authors, such as [49], assure
that the Makey Makey is a resource with high pedagogical potential for use in educational centres,
since it promotes the key competence of learning to learn. Its use in teaching–learning processes
depends on the proposal made by the teacher, so it requires prior planning [30,31].

Makey Makey, as contrasted in other previous research and with a previous pedagogical project,
promotes concentration, motivation, cooperative learning, peer learning, and meaningful learning [50],
in addition to improving academic resources and student autonomy [35]. Unlike other robotic tools,
the potential of the Makey Makey lies in the possibility of connecting different physical and everyday
elements around us to this device. All this favours the interaction of people with the environment,
promoting multiple possibilities to promote computational thinking and creativity [51].

Study Objective and Research Questions

Innovative practices, such as robotics, carried out in the field of education have demonstrated
a series of potentialities in the teaching–learning process carried out by students. All this reflects a
set of benefits in both psychosocial and academic indicators. These potentialities are focused on the
improvement of various academic indicators, such as motivation, interactions, autonomy, collaboration,
deepening of the content, problem solving, use of class time, and student ratings [29–40]. In this study,
the subject of physical education has been chosen as a case study to work on its contents from a
different and innovative perspective. This subject has been identified as one of the most interactive
and participatory by students [52]. For this reason, it has been taken to give it a new vision through
robotics. All this in order to achieve the potential previously described by the experts.

Therefore, this research focuses on analysing the scope of a training process through robotics
through the use of the Makey Makey in the subject of physical education, providing a different didactic
process, focused on more conservative physical activities. In order to know the scope of the different
potentialities mentioned in robotics, this objective is complemented by the following research question:
how does the use of playful interaction in a physical education course affect the different psychosocial
and educational dimensions taken into account?

2. Materials and Methods

2.1. Research Design

The present study has been carried out using a quantitative research methodology through a quasi-
experimental design only post-test, under the recommendations of the experts [53,54]. This methodological
procedure developed is based on the t-test for independent samples. This test allows us to contrast
hypotheses referring to the difference between two independent means. This test is ideal to solve the
comparison of two different groups of subjects. For example, a group of treated subjects (experimental
group) and another of untreated subjects (control group), or a group of subjects subjected to treatment A
and another subjected to treatment B, as is the case in this study. In the same way, the same investigative
structure of two reported studies of impact databases that have used the same methodological approach
has been used [55–60].

The choice of this research design has involved the configuration of two group typologies,
necessary to carry out the study. The control group has carried out a conservative instructional
process, while the experimental group has used robotics as an educational technology for the work of
didactic contents. In addition, two study variables have been delimited: the training methodology
being independent in nature and the effect derived in the different dimensions analysed being of a
dependent nature.

2.2. Participants

177 students from an educational centre in southern Spain participated in the study, specifically
in the Autonomous City of Ceuta, where there live many cultures as Christians, Muslims, Hebrews,
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and Hindus, working together sharing different point of views and aptitudes. This sample belongs to
the educational stage of secondary education. Subjects have been intentionally chosen. Subjects have
been intentionally chosen due to the ease of the researchers to access the student sample due to the
collaboration of the educational institution with the research team. Therefore, it was decided to choose
all the students in each group, in order to obtain the largest number of participants. Recent and impact
investigations have determined that the sample size does not affect the performance of this type of
methodological experiments at the formative level [61,62].

Socially, the sample is made up of 41.24% men and 58.76% women with a mean age of 13 years
(SD = 1.38). These participants have been classified into six study groups (3 control groups and
3 experimental groups). The students always remained in their natural group at the educational centre
in order not to produce a bias in the research when changing students from groups and environments
to which they are familiar. Therefore, the natural group to which the student belonged was not altered
before experimentation. Furthermore, the methodological treatment has been established at random;
that is, the allocation of the natural group of students to the type of study group occurred randomly.
In total, the study covered a total of 6 courses of the first level of secondary education. This allowed
the configuration of 6 study groups. The groups are made up of three control groups (with a total of
89 participants) and three experimental groups (with a total of 88 participants). The composition of the
groups was natural, and the experience was applied to them, and then, the data were collected with
a post-test. The experimental group developed a conservative training action and the experimental
group developed a formative action with robotics.

2.3. Study Dimensions

The dimensions used in this study have been chosen from previous investigations that have
analysed the influence of various educational methodologies and technologies on instructional
action [55–60,63]. To improve the understanding of the results, a description of the dimensions is set
out below: (a) Socio-educational: those items related to sex, age, city, nationality, religion, students’
course, and the training methodology used; (b) motivation: these are items related to the level of
motivation of the students; (c) interactions: those items related to the different interactions produced in
the students (with the teacher, with the contents, and between the students); (d) autonomy: these are
items related to the level of autonomy reached by the students; (e) collaboration: those items related to
the collaboration and teamwork of the students; (f) in-depth study of the contents: these are items
related to the projection level obtained by the contents worked on; (g) problem resolution: those items
related to the students’ ability to solve the problems encountered; (h) class time: these are items related
to the use of time in classroom sessions; (i) ratings: related to the perception of the ratings achieved by
the students. These focus on the self-evaluation proposals that the Spanish educational system pursues
in the process of evaluating students. In them, the student makes their own objective assessment
of their learning process; (j) teacher ratings: are the objective ratings achieved by the students and
recorded by the teacher in the different assessment tests.

2.4. Instrument

An ad hoc questionnaire has been the instrument used for the data collection process of this
investigation. The design of the questionnaire has started from other instruments reported from
the expert literature in this field of knowledge [8,57,59]. The questionnaire is composed of a total of
14 dimensions and 31 variables. These dimensions are: (a) socio-educational (5 variables); (b) motivation
(2 variables); (c) autonomy (2 variables); (d) collaboration (2 variables); (e) participation (2 variables);
(f) resolution (2 variables); (g) class time (2 variables); (h) concepts (2 variables); (i) scientific data
(2 variables); (j) graphics (2 variables); (k) results (2 variables); (l) decision (2 variables), and (m) ratings
(3 variables). The response format of the various questions follows a Likert scale of 4 values in
increasing order of positivity.
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The validation of the questionnaire has been produced by the Delphi method. Eight experts in
educational technology intervened in this process. These judges analysed the questionnaire and offered
pertinent feedback for its optimization, as well as a positive evaluation (M = 4.86; SD = 0.74; min = 1;
max = 6). The specialists’ verdict was statistically analysed, obtaining an adequate degree of relevance
and agreement in the observations made (Kappa of Fleiss = 0.84; W of Kendall = 0.86). Likewise, an
exploratory factor analysis was carried out with the principal components’ method. The tests carried
out determined dependence between the variables (Bartlett’s test of sphericity = 2183.52; p < 0.001) and
a correct sample adequacy (Kaiser-Meyer-Olkin test = 0.83). Other statistics used decreed the reliability
of the questionnaire with adequate internal consistency of the established constructs (Cronbach’s alpha,
α = 0.83; compound reliability = 0.81; average variance extracted = 0.8).

2.5. Procedure

The researchers maintained a close relationship with the teachers who carried out the intervention
with the purpose of advising on the actions to be carried out in each methodological model. A didactic
unit of ten sessions was carried out on contents related to physical condition (strength, speed, resistance,
and range of motion) in the subject of physical education. The control group followed a conservative
training action, that is, without any type of technological resource. The students belonging to this group
carried out activities and games aimed at working and developing physical condition using their own
training materials (e.g., cones, medicine balls, ropes, TheraBand, rings, mats, fences, fitball, and bosu,
among others). All of this was from a traditional perspective of physical education. At no time was
a digital resource used. The students limited themselves to carrying out only the activities that the
teacher ordered. The experimental group received an innovative training action based on robotics
using the Makey Makey device (Figure 2). The different activities and tasks proposed by the teacher
were complemented by this robotic tool. This robotic device was complemented with various materials
for daily use (fruit, aluminium foil, plasticine, glass of water, and pencil graphite, among others).
A fundamental characteristic of the elements used is their ability to conduct electricity. Students
connected the aforementioned elements of their surroundings to the Makey Makey device according to
their preferences and interests to promote computational thinking, autonomy, participation, interaction,
design, and creativity. The students carried out physical activity supplemented with various materials
(already mentioned) but robotized. This is a traditional conductive material but connected to the
robotic device. All this to energize and innovate in the learning environment and make it more
attractive. At a methodological level to work on the various contents that make up the teaching unit,
racing games, transport of objects, and people were made. All these activities were carried out through
the body itself, the everyday elements of the environment and robotics. In this way, any action of
movement or contact of the students with the mentioned material produced a response in a musical
application installed on a computer. The pedagogical actions carried out were based on cooperative
learning, where the group of students worked as a team and were free to make their own decisions
for the benefit of the group. The academic objectives established in this experimentation focused on
increasing motivation, interactions, autonomy, collaboration, deepening the content, solving problems,
taking advantage of class time, and student ratings. All this through skills, such as computational
thinking, creativity, and the design of the materials made by the students. Once all the sessions had
been completed, the data were collected with the questionnaire. Subsequently, the data were analysed
in depth to extract results that would allow the stated objective to be reached as well as to answer the
different research questions.
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Figure 2. Items needed to complement the Makey Makey (a); training action with Makey Makey (b).

2.6. Data Analysis

The statistical analysis of the collected data was carried out with the Statistical Package for the
Social Sciences (SPSS) v25 software. A significance level of p < 0.05 was established. The statistics used
have been the mean (M) and standard deviation (SD). In addition, other more specific tests was carried
out to determine the distribution trend, such as Skewness (Skw) and Kurtosis (Kme), the t-Student test
(tn1 + n2-2) for comparing the means between groups, Cohen’s d, and the biserial correlation (rxy) to
obtain the size of the resulting effect.

3. Results

In general terms, the statistical data of a descriptive nature provided by the students of compulsory
secondary education show differences at the level of means between the control group and the
experimental group. In all cases, the sample presents a normal distribution, taking into account the
values shown by the statistics of asymmetry and kurtosis, because their values are between ±1.96 [64].
In the control group, the averages are around 2.8 points, except for ratings that reach 3. On the
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other hand, in the experimental group, all the measures of the dimensions studied exceed 3 points.
This shows, at first sight, that the ratings of the experimental group are higher than those of the control
group in all the dimensions analysed. Furthermore, the experimental group shows less dispersion in
responses than the control group, if the standard deviation is taken into account. That is, the students
in the experimental group agree more among themselves in the study dimensions than those in the
control group. Kurtosis, both in the control group and the experimental group, is platicuric, except in
the teacher–student dimension of the experimental group, which is mesocuric (Table 1).

Table 1. Results obtained for the dimensions of study in GC and GC of secondary education.

Likert Scale n (%) Parameters

Dimensions None Few Enough Completely M SD Skw Kme

C
o

n
tr

o
l

g
ro

u
p

Motivation 12 (13.5) 18 (20.2) 29 (32.6) 30 (33.7) 2.87 1.03 −0.477 −0.936
Teacher–student 13 (14.6) 18 (20.2) 29 (32.6) 29 (32.6) 2.83 1.04 −0.444 −0.990
Student–content 13 (14.6) 13 (14.6) 34 (38.2) 29 (32.6) 2.89 1.02 −0.606 −0.729
Student–student 10 (11.2) 23 (25.8) 29 (32.6) 27 (30.3) 2.82 0.995 −0.336 −0.964

Autonomy 12 (13.5) 18 (20.2) 26 (29.2) 33 (37.1) 2.90 1.05 −0.505 −0.987
Collaboration 12 (13.5) 18 (20.2) 27 (30.3) 32 (36) 2.89 1.04 −0.495 −0.972

Deepening 14 (15.7) 16 (18) 29 (32.6) 30 (33.7) 2.84 1.06 −0.487 −0.993
Resolution 12 (13.5) 20 (22.5) 29 (32.6) 28 (31.5) 2.82 1.02 −0.398 −0.986
Class time 11 (12.4) 20 (22.5) 29 (32.6) 29 (32.6) 2.85 1.01 −0.428 −0.941
Ratings a 7 (7.9) 19 (21.3) 27 (30.3) 36 (40.4) 3.03 0.971 −0.602 −0.736

Teacher ratings a 9 (10.1) 21 (23.6) 31 (34.8) 28 (31.5) 2.88 0.975 −0.424 −0.835

E
x

p
e

ri
m

e
n

ta
l

g
ro

u
p

Motivation 4 (4.5) 16 (18.2) 18 (20.5) 50 (56.8) 3.30 0.924 −0.985 −0.261
Teacher–student 3 (3.4) 14 (15.9) 23 (26.1) 48 (54.5) 3.32 0.865 −0.999 −0.037
Student–content 4 (4.5) 17 (19.3) 17 (19.3) 50 (56.8) 3.28 0.934 −0.948 −0.382
Student–student 9 (10.2) 17 (19.3) 21 (23.9) 41 (46.6) 3.07 1.03 −0.708 −0.790

Autonomy 11 (12.5) 17 (19.3) 17 (19.3) 43 (48.9) 3.05 1.09 −0.687 −0.957
Collaboration 6 (6.8) 16 (18.2) 17 (19.3) 49 (55.7) 3.24 0.983 −0.946 −0.339

Deepening 10 (11.4) 14 (15.9) 24 (27.3) 40 (45.5) 3.07 1.03 −0.771 −0.644
Resolution 9 (10.2) 13 (14.8) 18 (20.5) 48 (54.5) 3.19 1.03 −0.967 −0.401
Class time 9 (10.2) 16 (18.2) 27 (30.7) 36 (40.9) 3.02 1.01 −0.671 −0.684
Ratings a 6 (6.8) 15 (17) 18 (20.5) 49 (55.7) 3.25 0.974 −0.984 −0.286

Teacher ratings a 5 (5.7) 14 (15.9) 22 (25) 47 (53.4) 3.26 0.928 −0.990 −0.118
a. Established grade group (None: 1–4.9; Few: 5–5.9; Enough: 6–8.9; Completely: 9–10).

The comparison of means shows, firstly, a higher valuation of all dimensions in the experimental
group, compared to the control group. In the control group, the ratings are evenly matched between the
dimensions themselves, except for ratings, which stand out considerably from the mean. In contrast,
in the experimental group, there is a variety of measures. The dimensions motivation, teacher–student,
student–content, collaboration, ratings, and teacher ratings stand out from the total average. These
dimensions are the most valued. On the other hand, the dimensions student–student, autonomy,
deepening, and class time are below the totalized average (Figure 3).

The value of independence of the results achieved in the teaching and learning method applied for
the control group based on the conventional teaching method, with respect to the pedagogical action
of the experimental group based on the method based on robotics, has been analysed thanks to the
Student t statistic. The data show diversity, as far as the levels of significance are concerned. In this case,
the dimensions that are significant are motivation, teacher–student, student–content, collaboration,
resolution, and teacher ratings. The rest of the dimensions are not significant to be considered. Of the
dimensions that have significance, the level of association, if the values of the biserial correlation are
taken into account, is medium, except in the collaboration and resolution dimensions, where the force
of association is low. The size of the effect is very low in all the dimensions in which there has been a
relationship of significance, with the exception of the ratio of students to content, where the effect size
is moderate (Table 2).
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Figure 3. Comparison between control group and experimental group.

Table 2. Study of the value of independence between control group and experimental group.

Dimensions µ (X1−X2) tn1 + n2-2 df d rxy

Motivation −0.464 (2.83−3.30) −3.124 ** 175 0.023 0.230
Teacher–student −0520 (2.80−3.32) −3.582 ** 175 0.023 0.261
Student–content −0.430 (2.85−3.28) −2.895 ** 175 0.046 0.214
Student–student −0.282 (2.79−3.07) n.s. - - -

Autonomy −0.180 (2.87−3.05) n.s. - - -
Collaboration −0.385 (2.85−3.24) −2.502 * 175 0.017 0.186

Deepening −0.259 (2.81−3.07) n.s. - - -
Resolution −0.407 (2.79−3.19) −2.605 ** 175 −0.010 0.193
Class time −0.203 (2.82−3.02) n.s. - - -
Ratings a

−0.250 (3.00−3.25) n.s. - - -
Teacher ratings a

−0.419 (2.84−3.26) −2.905 ** 175 −0.006 0.215

*. Correlation is significant at the 0.05 level; **. Correlation is significant at the 0.01 level; n.s. Correlation not
significant; a. established grade group (none: 1–4.9; few: 5–5.9; enough: 6–8.9; completely: 9–10).

4. Discussion and Conclusions

The expansion of technology in all areas has meant the transition from an analogical era to
a totally digital era [1], where technological tools make it possible to cover everything from basic
needs to the development of more complex research tasks in the field of Social Sciences, Health
Sciences, Engineering, etc. Specifically, in the educational field, the inclusion of ICT allows us to
offer students the presentation and development of contents in a more attractive and motivating way,
but it does not always imply an active improvement of students in the teaching–learning processes [4].
Note that the vast majority of authors believe the use of these technological resources should always be
accompanied by similar methodological and pedagogical principles and a joint effort by teachers [40].
For this reason, the pedagogical approach to use of ICT in educational institutions remains a key
issue. An innovative paradigm and an innovative methodological approach are required to achieve
active, social, collaborative, and meaningful learning [6]. It is essential in this innovative approach
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to give students an active and participatory role, allowing them to be the protagonists of their own
learning [7,21].

Obviously, achieving these goals implies working on and improving teacher training. To reach
these aims a radical change in the teaching practice in which the teacher becomes a guide in the
didactic process, promoting the development of ICT and making it easier for students to incorporate
new learning are required [18]. This use of ICT implies a commitment by teachers and students to the
social and cultural environment in which the activity takes place, adopting an educational approach
that favours lifelong learning, learning to learn, and learning to think. Considering all the endless
possibilities offered by ICT, robotics in the field of secondary education provides the necessary basis
for active, participatory, and social learning [20–24]. Thus, robotics as a pedagogical resource improves
autonomy, creativity, attention, and even the development of social relations among students [26].
In addition, from a pedagogical point of view, it also contributes to the development of computational
thinking, the improvement of higher order cognitive processing, the use of logical processes and the
application of algorithms [27]. In this way, numerous skills and competences are developed in students,
such as the power of imagination, artistic abilities, manipulative skills, and so on.

This research has compared, on the one hand, a teaching–learning process through the use of
robotics, and on the other hand, the application of classical pedagogical actions. These didactic actions
have been developed in the subject of physical education. In this case, the group where the educational
experience is developed through robotics presents higher values in all the studied dimensions, if we
compared it with the group where a conventional method has been developed. On the other hand, there
is more dispersion of response in the control group than in the experimental group. This shows there
is more agreement in the group where the educational experience with robotics has been applied than
in the other study group. On the other hand, the measures given by the experimental group are more
heterogeneous, since there are dimensions that exceed the total average. The most valued dimensions
are motivation, teacher–student, student–content, collaboration, ratings, and teacher ratings.

Not all dimensions are significant in the applied study. In this case, those that show levels of
significance are motivation, teacher–student, student–content, collaboration, resolution, and teacher
ratings. All these dimensions proof to be relevant in the method where the teaching method with
robotics is applied with respect to the more conventional teaching method in the development of
the educational contents proposed. The strength of association between the dimensions that have
been found to be significant has been medium-low. In this case, the strength of association is medium
in motivation, teacher–student, student–student, and teacher ratings and is low in collaboration
and resolution.

In brief, the teaching method in which robotics is used leads to more success in the field of physical
education, compared to the more conventional method. In this case, the most relevant elements
and where this teaching–learning process has the greatest influence are motivation, teacher–student,
student–content, collaboration, resolution, and teacher rating.

The prospective of this research is quite profitable in the sense that it allows future professionals
to acknowledge how robotics can contribute and play its part in education, particularly in the subject
of physical education. As said before, this research has been carried out with students of compulsory
secondary education, but future research can use these data and apply it to other students’ age groups.
What is clear is that our main aim lay on the fact of presenting a current, updated, innovative, and useful
pedagogical approach to deal with the development of new didactic contents.

However, this research has its own limitations. Primarily, the fact that the study population
has its own idiosyncratic characteristics. For this reason, we must be aware of how this sociological
environment may condition other research if applied to the same aim and to other population.
It is important to be aware of that. In fact, we could not apply sampling techniques in this research,
because the access to population was made for convenience. It is comprehensible due to the fact
this population group shows difficulties when approaching them. Last but not least, with regards to
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the method and the data collection, we did a great deal, because researchers had to previously train
teachers to be able to apply these teaching and learning methods.

With regards to future lines of research, we may state that this didactic method can be applied to
other contents and, hence, can be used in other subjects and in other educational stages, with other
students of different age. Obviously, this will let us know its viability in other types of contents, and it
could also be applied to other ages of students. What is more, it can also be applied to assess the
didactic possibilities it offers. These reasons strongly show the need of keeping on with the future
lines mentioned as far as they allow the establishment of a comparison of results with other teaching
experiences, such as those of the STEM model. So far for the development of teaching and learning
processes and with regards to future lines of action, the fact that it can be applied to other contents
makes it interdisciplinary, offering endless possibilities for learning and motivation in students. Besides
the fact that it can be applied to students of different ages also makes it more attractive and versatile.
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