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Abstract 
The use of open hardware for non-programmers in higher education is an added value for the 
achievement of projects by students of arts and design. On the one hand we are using what the 
community has to offer and on the other we are enabling students to use open technologies, so that 
they can use them with respect to their licenses. 

These technologies, often presented as difficult to use, with long learning curves, compared to other 
programs whose students and some teachers are more accustomed to use, have a greater value if 
they can be used freely and in any type of project. Whether in an academic setting or in the final 
product environment for a particular client. 

It is important to de-emphasize their use with the students and to show that they can be used in the 
classroom in a creative way or to carry out other types of projects. 
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1 INTRODUCTION 
The open hardware is defined as any hardware whose design is publicly available for anyone to study, 
modify, distribute, sell or build to another drawing or as hardware-based original design. The hardware 
Arduino is an open hardware that was developed by Massimo Banzi, David Cuartielles, Tom Igoe, 
Gianluca Martino and David Mellis. Presented to the public in 2005, this microcontroller allows the 
communications establishment between tangible objects and digital objects. This communication is 
established between the two environments and is called physical computing. The environments that 
trigger this type of communication is related to two worlds, the digital world and the physical world 
(real). The physical computing therefore translates the sending of information in the digital world into 
the real world and from the real world into the digital world. The information transmission can be 
observed at a lower level, resulting in a conversion of physical energy to electrical energy, which is 
understood by computers. This energy conversion is called transduction. 

Apart from teachers, it is important for students to identify the meaning of programming and use of 
tangible objects. An object that is not familiar to them creates a chain of reactions that leads them to 
explore, familiarize and eventually realize through a repeating sequence which they might get more 
elaborate designs on the properties (size, texture, shape) of the physical world. These lead them to 
reflect and express what they are thinking. With the incorporation of technology in such objects it 
opens a new door that allows them to provide other environments. It is therefore important to develop 
and utilize technological resources that allows a tangible approach to constructive and exploratory 
learning. 

The construction of tangible objects using open hardware like microcontrollers and software to create 
a technology alliance will facilitate the diffusion of use and enable students to explore new forms of 
narrative, usually associated with other students (programmers). 

So the purpose of this article is to present a case related with the use of a microcontroller in a 
classroom with Arts students and their involvement in this kind of project. 

The degree course in which I currently concentrate my teaching activity is Arts and Multimedia Arts, 
where it is verified that in some sporadic cases there are students who have previous experience with 
any programming language.  

2 THE NON-PROGRAMMERS 
Artists and designers have at their disposal a series of tools that allow them to build tangible 
interfaces; Use sensors; Construct generative art; Develop video games, etc. In most cases there will 
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always be a need for these software to allow users to go beyond the typical tools (options) of a 
software, since these tools are usually parameterized and do not allow the user, without other 
knowledge, to modify them.  

On the other hand, some with the open-source design are available, a vast set of tools that allow 
artists and designers to develop their own applications using lines of code. Some of these tools are 
targeted at this target audience and are examples: Processing [1], Arduino [2], OpenFrameworks [3], 
Puredata [4], or the Cinder [5].  These tools in spite of the apparent simplicity of their interfaces are 
quite powerful since they allow to work through a programming language of high level with physical 
objects that normally require lines of programming of low level and that are usually more technical. 

There are also some classifications in the literature about the level of students experience with 
programming: the non-programmers (who have no experience or contact with this computer science 
subject); the inexperienced programmers (who already have at least one programming experience but 
do not make daily use of it, usually use computers to work with programs) and the experienced 
programmers (who are the Daily form) [6]. 

In this document a final work is reported in a curricular unit, and it was developed with students who 
already have previous experience with programming. In the same academic year, the third year, these 
students have contact with a Java bookstore named Processing and with the construction of web 
pages, where they have during that period the need to develop pages and to build and apply some 
Javascript scripts. In addition to the situations described, these students had an introduction to the 
algorithm that ran during the first year. 

Thus, in this document non-programmers are characterized as those students who use computers on 
a regular basis not even daily, who have had previous experience with some programming languages 
with specific objectives and in this case exclusively in academic context.  

3 THE MICROCONTROLLERS 
Most of the microcontrollers that are available in the market have an open license, that is, anyone can 
make use of the assembly architecture and replicate. This fact has allowed on the market several 
replicas of the same, opening doors for the construction of simpler microcontrollers Or more complex 
(complex because they have extra equipment), giving rise to clones with normally lower acquisition 
costs [7] [8]. 

The microcontroller that is used by the students is the Arduino. Arduino comes as a good choice 
because it allows you to: use high-level code, because several bookstores are used that are an 
alternative to more technical code writing; Is an open-source platform, all bookstores are available to 
be modified and altered; The programming environment is quite powerful but simple, guiding users to 
the core of programming; Is used through a connection between the microcontroller and computer 
through the USB port which allows that in any computer can be programmed [9], and also because the 
programming software exists for all operating systems and a version that works through the browser is 
already available [10].  

So the use of this type of microcontrollers makes it more accessible for artists and designers to 
prototype their ideas.  

3.1 The Arduino family  
In 2003, the Arduino was born by the hands of Massimo Banzi, David Cuartielles, Tom Igoe, Gianluca 
Martino, and David Mellis. From an investigation at the Interaction Design Institute Ivrea this group of 
teachers, students, and professionals has made available an open-source microcontroller, cheaper 
than the competition, and easier to handle through the evolution of the wiring programming language. 
Thus Arduino arises can be seen in the perspective of an IDE that allows the writing of the code and 
sending it to the microcontroller, and the microcontroller itself is a piece of hardware, more specifically 
open-hardware [11].  

There are several versions of this microcontroller, all of them have been cataloged by their authors, 
according to their specifications: entry level, enhanced features, internet of things, education, 
wearable and 3D printing [12] (See Table 1). Although there are other microcontrollers more 
elaborated in terms of specificities, the Arduino family is the one that has arisen with more references 
in the community [13][14].  
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Table 1.  Categories of the various versions of the Arduino family. 

entry level main features Examples 

entry level Designed for beginners, or for simpler projects, for 
example: the Arduino Uno, which is the latest version of 
the Arduino family, both processor and architecture; 
The Arduino Robot that is a microcontroller that has in 
its physical structure the tools for the construction of a 
robot; Or the Arduino Explora, which is a version of the 
Arduino for building a physical interface similar to a 
console command 

Arduino Uno 
Arduino Robot 
Arduino Explora 

enhanced features In this category we find other versions of Arduino, with 
more IO ports (these ports allow sending or receiving 
information from a larger number of devices, such as 
Arduino Mega that has fifty-four digital IO ports), or 
physical dimensions with better processors or even 
shields. The shields are parts that allow you to extend 
the functionality of the Arduino, as is the case of the 
Arduino Motor Shield that allows controlling the 
operation of DC motors and others. 

Arduino Mega 
Arduino Motor Shield 
Arduino 4 Relays Shield 

internet of things This category consists of microcontrollers that allow you 
to create a wireless network, connect to a wireless 
network, or other networks, as is the case with the use 
of a card a mobile number. 

Yún 
Ethernet 
Arduino WiFi Shield 

education The Arduino has an official kit that consists of an 
Arduino microcontroller and other electronic equipment. 

CTC 101 

wearable In this section there are devices intended to be used, 
for example with conductive fabrics and which are 
easily camouflaged in clothing or similar materials. 

Arduino Gemma 
LilyPad Arduino 

3D printing This is the Arduino 3D printer. Arduino Materia 101 

3.2 The raspberry Pi 
In 2006 a group of teachers, academics and other professionals, decided to create a computer that 
would help the children. It was necessary that this microcontroller had a low cost, and that it allowed 
an accessible and fast use by its addressees [15]. The first images of the prototype appear at that 
time, and the availability in the market happened in 2012 [16]. This first generation was very 
successful guaranteeing the existence of new versions and that at the moment is designated by 
Raspberry Pi 3 Model B [17]. 

Unlike most Arduino versions, the Raspberry Pi 3 Model B is a computer. In addition to the 
functionality that connects sensors and other electronic equipment, Raspberry Pi has the ability to be 
a computer that requires an operating system to work with a keyboard, mouse and monitor [18]. It 
does not require any other equipment, being the solution of simplicity that has brought success to this 
equipment. 

3.3 Others 
Other companies such as Intel have also entered the market, with similar proposals or through 
partnerships, as is the case with the version Arduino 101 [19], the Arduino Edison [20] (these two 
hardware were built in collaboration with the Arduino team) or their own alternative to Raspberrry Pi 
which is Intel Galileo [21]. 

As this also begins to be a market, in monetary terms very interesting, there are several companies 
that are betting and will soon present their microcontrollers, as is the case of the company Asus, with 
the Tinker Board, once again with the Goal of having its market share, since the characteristics of this 
hardware are very similar to those of Raspberry Pi, having as an improved highlight information 
processing, memory capacity, among others [22]. 
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However, it is not only some of the great brands known in the market that make these hardware 
available, it is also possible to find, and because it is open hardware, several clones, simply doing a 
simple search on the internet.  

4 USING IN THE CLASSROOM 
Within the scope of the degree in Plastic Arts and Multimedia, there is a curricular unit (UC) where 
students explore the use of microcontrollers. This work allows them to gain knowledge about building 
tangible artefacts to construct innovative interfaces who communicate with the digital world or 
otherwise establish new communications from digital elements that get real-world reactions. That it is 
clear that this is a very succinct perspective on what is done, although the workload that is available is 
not to my liking, it is the one that is available and that allows students to explore in their course 
subjects related to programming and with the use of microcontrollers. 

Fourteen kits with the Arduino Duelminove microcontroller are available in my School and for the 
students. This is one of the first commercial versions of the Arduino being that stands out from the 
others because each microcontroller has a different color. In addition to this visual element the board 
has 14 digital ports (which allow to connect for example leds, motors, piezos), of these fourteen digital 
ports, six are PWM (model ports, whose signal can vary) and still has six analog ports (these enable to 
connect, for example, continuous signal sensors). 

In each working week, an update is posted before class. This tutorial is delivered through the platform 
that is adopted by the School, in digital format and which consists of some exercises of introduction to 
the equipment that will be presented in class, and also by a set of exploratory exercises. 

Students are told that it is important to keep a digital record of what is done. This digital record 
consists of a photograph or video after the assembly has been made, a record of the equipment that 
was used, a record of the use and consequences of the use of the equipment, the programming of the 
equipment and also it is important that they diagram the physical assembly. For this diagram the 
students usually use the open-source software named fritzing. This software has several features but 
the one that is given use is just to keep a digital record of what was done in the physical assembly. 
Sometimes the software does not have all the parts that are used and in this case students make use 
of an image editor so they can best illustrate the physical assembly. 

At the end of the year there is a glossary that allows you to present all the pieces that will be used 
during the lessons. This screen, besides a visual image of the equipment, has a description of its use, 
and a link to an external page where students can find a more detailed description of the equipment as 
well as to follow some examples of its use. 

In the academic year 2015/2016 there were fourteen groups of students that were constituted, and all 
of them developed a bidirectional platform that allowed to establish the communication with the digital 
world and vice versa. 

4.1 Examples of use  
The challenge proposed to the students was to materialize, through a digital simulation and a tangible 
interface, an exercise related to the laws of physics. The works were developed in groups of two to 
four students. Thirteen papers were delivered, all of which were formally presented in an open session 
for the entire school community. 

Few students had a concern about hiding the digital machine (computer) that showed the digital stage 
with which the microcontroller communicated (see Fig. 1). 
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Figure 1 - Group D work. 

The vast majority of students chose only to build an interface that camouflaged the microcontroller and 
other electronic equipment (see Fig. 2 and Fig. 3). Despite this more simplified aspect of showing the 
work, everyone was careful to camouflage the project according to what was requested. 

 
Figure 2 - Group C work. 

 
Figure 3 – Group A work. 
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Although not all groups of students responded to the request, it was notorious that a final effort was 
made by some of the groups to present the work as requested. 

All groups have positive feedback from the community that visited and experienced the work. 

It was notorious that some works showed more dedication and exploration of the different hardware 
capabilities that they had at their disposal, perhaps there is a relation to the fact that these are the 
students who on a regular basis were following the classes and performing successfully the different 
tasks that were being proposed.  

5 CONCLUSIONS 
Open source and open hardware are two alternatives to the development of digital and analogue 
solutions that foster the emergence of communities and the sharing of knowledge. This is the case of 
Arduino, which with this type of license of use and replication allowed the diffusion of this type of 
equipment. 

Of the microcontrollers that are available in the market there are two architectures that stand out with 
different objectives: the classic Arduino format and the format of Raspberry Pi. Although in both cases 
they have different initial objectives, they coexist and have communities that support them and 
encourage their use. 

Some of the advantages that this type of students, artists and designers have to use microcontrollers 
have also been presented. Also appear in the literature references to the use of microcontrollers by 
these in spaces such as galleries or museums, places where they usually expose their works [9]. 

Although students are able to successfully complete the work required of them, it is clear that there 
are some gaps that can only be solved with the help of the teacher. These are related to some 
programming topics that are not addressed in the course of classes but which they identify as 
problems and solutions for the successful resolution of their work. This support is important. 

In the current school year, we are already using a new version of Arduino in the classroom, the 
Arduino 101, which has the main differences from the version that was presented in this document, 
the fact that it included a motion sensor Gyro and Bluetooth. In addition to these hardware features, it 
is a plug-and-play microcontroller, which means that it is easy for students to install this 
microcontroller on their computers. 
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