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Abstract  
One of the features of scientific researches is to understand science as an integrated set of several 
subjects, without excluding any possible way to find the solution to a problem and integrating all of 
them to ease the use of the tools that subjects provide us in order to reach the knowledge. In this 
work, it is proposed a methodology based on experiences performed with students from the first 
course of baccalaureate of the educational center of Salesianos of Carabanchel, in which the contents 
of industrial technology and I.C.T. subjects are intertwined. By means of a collaborative project based 
on Arduino platform, both subjects have been worked at the same time, and a system able to detect 
changes on the moisture content from several materials has been developed. 
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1 INTRODUCTION 
In baccalaureate subjects, there is a specialization by areas that, during the ESO and Primary school 
years, do not exist because the areas are jointly conducted [1]. The students are under pressure 
because of the selectivity exam, complemented by the lack of time to give all the lessons that the 
baccalaureate curriculum propose, make impractical to carry out activities, to delve into the studied 
concepts and offer the student a global vision of the subject [2]. However, not all the subjects in 
baccalaureate are syllabus for the selectivity exam. This is the case of optional subjects that students 
can choose during the baccalaureate years [3]. Moreover, in the baccalaureate curriculum, in its article 
28, devoted to the learning process is stated that: 

 “Educational activities in baccalaureate will ease the students’ ability to learn by theirshelves, to work 
in team and to apply appropriate research methods.” 

So, interdisciplinary projects play an important role in the educational development of the student. The 
conduct of activities related to real world and to encourage the participation and development of 
teaching practices that would be carried out with limited resources, are very beneficial to help the 
student to get a better understanding of the subjects, following the pedagogical approach of the 
educational center, and holding the students responsible of the need of collaborative works to achieve 
the initial aims [4]. All of above, complemented by a right presentation and the continuous monitoring 
of the student during the trimester will be under evaluation, beyond the subject’s content.  

Thus, with the aim of encouraging the interdisciplinary and project based learning, that will assess the 
acquired competences by the student apart from the contents taught by the teacher, it has been 
decided to work in a jointly way in two optional subjects of baccalaureate, in order to carry out a close 
project with real enforcements. 

2 METHODOLOGY 
The era we are living through, we are participants of a technological revolution that can be noticed in 
the development of new electronic and technical devices that, day by day, arise in the market [5]. As a 
result of all of these changes and the large amount of data that we are obliged to manage, new 
capabilities and abilities have emerged that are needed to develop from the school years in order to 
deal with the adulthood [6] 

In this context, information and communications technology subject (I.C.T.) prepare the student to be 
able to face his or her working future, beyond the only digital literacy focused on using tools which will 
be outdated in a few time. The curiosity should be awakened, in addition to give them the needed 
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resources to ease their subsequently learning, expanding the view from the past. It is essential to 
educate them about the use of these new tools, which ease the interaction between young students 
and their environment, in addition to the ethical and legal boundaries that their used involved. In this 
respect, Arduino platform, which have an open access philosophy, and whose resources are easily 
found in the internet, let the teacher to educate the students about the open-access software 
advantages and the extensive possibilities afforded by these systems [7].    

On the other hand, the technology follows the knowledge about how the things are done and why are 
they done, being in the middle of science and technique. Traditionally, the technology has tried to 
meet the collective and individual demands. So, industrial technology subject intend to teach how 
technological objects emerge from these demands, helping us to solve problems from the everyday 
life in an immediate and innovative way. Teamwork, research and continuous training during lifelong 
are essential points in this subject, which, combined with the previous optional subject, trying to build a 
sustainable society in which the problems rationalisation will prevail. 

Interrelated contents from both subjects to the carrying out of this teaching practice have been those 
that are shown in table 1 [3]: 

Table 1.  Related content with the teaching practice proposed in both subjects 

Information and communications technology (I) Industrial Technology (I) 

• Massive storage devices.  
• Data writing and reading technologies. 

• Problem resolution by means of spreadsheets. 
• Graphic presentation of the results. 

• Diagrams done with local and online tools. 

• 2D and 3D graphic design. 

• Design and creation of algorithms. Development of 
flowcharts.  

• Basic elements and basic structure of the 
programming.  

• Programming languages. Programming graphic 
environments.   

• Problem resolution by algorithms and programming. 

• Election criterion of materials. 
• Materials: Internal structure and 

properties. Modification techniques of 
the properties. 

• Social and environmental impact 
produced by the material sourcing and 
manufacturing processes 

• Electrical, electronical, pneumatical 
and hydraulic circuits. Symbology. 
Interpretation of drawings and 
diagrams. Calculation of basic 
parameters. 

• Assembling and experimentation of 
electrical, electronical, pneumatical and 
hydraulic circuits. 

As noted in table 1, both subjects are interlinked, simplifying the line of action when the problem has to 
be defined and working in a combined way the similar concepts. For this purpose, it is shown the 
working diagram in the figure 1. 

 

Materials Resources Diagram/ 
Circuit 

Free software 
Arduino 

Programming 

Techonology branches 
involved 

Process automation and 
data management 

Define the problem Contents 
involved 

Problem 
resolution  

Industrial Technology ICT 

Fig. 1. Lines of actuation to combine both subjects 
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As noted in figure 2, once the problem in which the students are going to work is stated, is very easy 
to join forces of the subjects and, by a cooperative work in which the teachers have guided the 
students, to stablish the guidelines to perform a joint work in which the initial problem get solved with 
the resources that has been offered by both subjects [8]. 

Teamwork is about the development the competences and the social abilities which baccalaureate 
students have to acquire for their future professional performance, as it can be noticed in figure 2. 

 
So, during the evaluation process of the joint practice, it is proposed to evaluate the acquired abilities 
by the students, beyond of doing a written exam in which the theoretical knowledge has been 
evaluated. Work in team, being the students who manage their working schedule and the project 
scope according to their possibilities, force them to an advance planning and to choose an actuation 
methodology that allow them to solve the problem successfully [9]. In order to squeeze the available 
resources, the ideal is to form groups with 4 or 5 students, divided equally between the two subjects to 
enhance both parts in the practice, equally. 

3 RESULTS 
The results of this work can be seen in figure 3, where the device implemented by the students is 
shown. It can detect moisture changes into some materials. This way, the double aim of collaborating 
with both subjects, equally, is fulfilled.    

 

Problem 
presentation 

Group formation 

Teaching Methodology 

Team development 
Practice development 

Aims Contents 

Curricula 
elements 

Evaluation criterion 
Competences 

Standards and  
learning results 

LOMCE 

Figure 2. Development of teaching practices by LOMCE framework 

  
(a) (b) 

Fig. 3. Project results. (a) Implemented device;  (b) Project presentation to their schoolmates 
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To evaluate the results the following guidelines have been used. Based on learning through skills it 
was elaborated an evaluation where the process of teaching-learning beyond the final result was 
taken into consideration. It was very successful because the device worked perfectly. The evaluate 
items and the phases in which the process was divided are shown in table 2. 

Table 2.  Collaborative project evaluation 

Phase Description Competences 

1) Initial study of the 
problem. 

• Knowledge about the properties of the 
materials involved. 

• Knowlege about technologies involved. 

• Knowledge about the information ways 
of management. 

 Basic competences in science 
and technology. 

 Learning to learn. 
 Initiative and entrepreneur spirit. 

2) Search of 
information and 
programming. 

• Information provided about the problem. 

• The student can do flowcharts about the 
problem. 

• Correct programming of Arduino. 

• The student encourage the teamwork. 

 Basic competences in science 
and technology. 

 Learning to learn. 
 Initiative and entrepreneur spirit. 
 Social and civic competences. 

3) Elaboration of test 
pieces and device 
assembling. 

• The students work in team following the 
guidelines the current legislation. 

• The electrical diagrams are correct. 

• The device is perfectly developed to use. 

• Document and take note of the process. 

 Basic competences in science 
and technology. 

 Social and civic competences.  
 Learning to learn. 
 Language competence. 

4) Data collection and 
information 
management. 

• The device works and acquire the data 
correctly. 

• Graphics of the results and the team are 
done. 

 Ídem point 3. 

5) Written work. • Presentation of a written work on time, 
by groups, to each teachers. 

 Language competence. 
 Learning to learn. 
 Science and technology 

competences. 

6) Work presentation 

• The digital presentation is well worked. 

• The student has studied the topic. 

• The student expose each point, clearly. 
• The studen is able to make changes and 

to explain doubts. 

 Language competence. 
 Initiative and entrepreneur spirit. 
 Basic competences in science 

and technology. 
 Social and civic competences. 

As noted in table 2, all phases were divided in a continuous learning process to cover the curriculum 
marked by LOMCE with the length of a trimester (2nd trimester). The students were conscious of the 
importance of the maximum period from the beginning, because, in the evaluation criterion, the 75% of 
the qualification was due to this period, being the rest of the percentage covered by the written test. In 
all phases, it was tried that the students develop as far as possible the competences which are 
involved in the process and that they were following all the evaluation items.   

On the other hand, this device’s scope, implemented by the students has many applications and it can 
be related with other subjects from the scientific-technological area. This way, given the level of 
satisfaction by the students, it was proposed to implement a device in an automatic irrigation system, 
because, in that the system is able to detect moisture changes from several materials, it was thought 
that the system can also be used to meet the hydro needs in croplands. Finally, it was provided of the 
ability of acting as a fill level sensor, calibrating its response to different water contents in recipients, 
as it can be seen in figure 4. 

0394



 
Because of this, the possibilities offered by open source software [10], and more in detail, the Arduino 
platform, are practically endless. Being possible to elaborate practices in which the baccalaureate 
students encourage the teamwork by collaborative techniques, and to acquire the competences 
marked in the curriculum in a entertaining and didactic way, by the study of real cases that the 
students can apply not only in the educational area. It is true that this is possible thanks to the 
collaboration of optional subjects. With the appropriate organization it also can be carried out some 
similar practices in other subjects, considered as core subjects and, usually more tedious.  

4 CONCLUSIONS 
In this work it has been shown the guidelines to carry out an interdisciplinary project with two optional 
baccalaureate subjects that can be extrapolated to core subjects and, even other phases. To do this, it 
has been followed an evaluation process by headings in which it was assess the competences 
acquisition level by the students, apart from their ability to solve real problems, being able to search all 
the information and the needed resources to achieve the main aim. 

Moreover, it has become evident the several applications that the Arduino platform offer in the case of 
being integrated in secondary education, because it encourage the use of open source soft wares and 
it allows to carry out many applications which can be introduced in different subjects of the scientific-
technological area. For the implementation of a sensor to detect moisture changes in the materials 
and the possibility of being configured as measure sensor, the results have been optimal with a great 
level of satisfaction by the students involved in the project. 
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Fig. 4. Device scope. (a) Fill level sensor, (b) Moisture measurement in croplands. 
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