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Abstract 
In the current paper it is documented a high-school program designed at the Digital Fabrication 
Laboratory based at CEU University (FabLab Madrid CEU) to teach pre-college students STEM in a 
university based setting, with the goal of encouraging them to enjoy technology and to follow university 
studies. The high-school weekend program was created to allow the interaction of high-school and 
university students from different backgrounds (engineers, architects and designers) that could work at 
the FabLab during the weekend to solve challenges, as the development of different projects that 
involved the use of 3D printing, vinyl cutting and laser cutting technologies. The idea was to take 
advantage of the interest that students might find out in the development of digital fabrication projects, 
as well as their involvement on a competition to test the prototypes to understand the application of 
the theoretical concepts that they were taught at the high-school (as Math and Physics) for the better 
implementation of the projects. The article presents a project developed at that program: a mini-
rockets workshop that involved the use of digital fabrication technologies. The project was designed to 
make pre-college students understand the relevance of what they learn at their high-schools and the 
practical application of the theoretical concepts that they acquire during pre-university studies on their 
future professional career.  

The development of the project required different activities: first of all, a theoretical introduction to 
learn some concepts related to Math and Physics that could be applied on the fabrication of the mini-
rockets. Secondly, the design of the mini-rockets by the students, who worked in groups to determine 
their shape, solving challenges related to the geometry of each part, as for example, how to slice the 
model into smaller parts that should be later assembled or how to use measurement tools and 
Boolean operations to work in a 3D design environment. Finally, at the end of the program, a 
competition was held to launch the mini-rockets at the airdrome. The competition attempted to give 
students a chance to compete with other groups, at the same time that they cooperate with their 
classmates to get a good score on the competition. But most important was the possibility that the 
championship offered them to play with others. This idea of playing that involves enjoying while 
learning, as a way to better understand and interiorize concepts and ideas, show students that fun and 
enjoying doesn´t mean easy and involves hard work to get a good result.  

The article tries to show the potential of digital fabrication technologies to be used as learning tools, 
through which it is possible to create a working educational environment to show high-school students 
practical applications of the theoretical concepts that they are acquiring during pre-university studies. 
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1 INTRODUCTION 
Digital fabrication is the set of integrated technologies through which it is possible to digitize 
manufacturing processes. Thanks to it, instead of requiring qualified technicians to handle complex 
machinery in the production process, computers control the prototyping machines. That means people 
can have the ability to design and produce their own products at their own home.1 The use of 
computer controlled machines also achieves a greater precision in the final product, and more 
important than that, it makes possible the access of more people to the production processes, since 
only a 3D model file (generated in a design software) is required to be manufactured using computer 
controlled machines, such as milling machines, laser cutters, vinyl cutters or 3D printers. The 
democratization of fabrication processes and the total automation of manufacturing through the use of 
digital fabrication technologies imply that anyone can have access to the fabrication of precise and 

                                                        
1 Gershenfeld, Neil (2005). FAB. The Coming Revolution on your Desktop. Basic Books, Nueva York. 
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complex products.2 In addition, these technologies reduce the costs and times between design and 
production, accelerating the manufacture of small quantities of products.3 For all these reasons, digital 
fabrication has become a disruptive technology, responsible for a new technological revolution.4 

The emergence of the Digital Fabrication Laboratories known as FabLabs (Fabrication Laboratory or 
Fabulous Laboratory) has led to the democratization of digital fabrication technologies, which include 
the use of subtractive and additive technologies as well as cutting technologies, combined with 
electronic components and the work with molds and composites. The idea of  FabLab was stated in 
2000 by Neil Gershenfeld, director of the MIT’s Center for Bits and Atoms (CBA), thanks to a research 
project carried out in collaboration with the Grassroots Invention Group around the relationship 
between the world of digital information (bits) and the tangible physical world (atoms). In 2001 
Gershenfeld began to teach the course "How to Make (almost) Anything"5 an educational program 
designed to teach MIT students the possibilities of new digital fabrication technologies. In 2003 he 
received funding from the National Science Foundation to set up the first digital fabrication outside the 
MIT: the SETC FabLab (South End Technology Center). Since then, the community has grown at 
incredible speed supported by the Fab Foundation, which was created in 2009 to support and foster 
the relationships of all the digital fabrication laboratories.6 

FabLab Madrid CEU belongs to the FabLab network since 2013 and it has been offering educational 
programs related to digital fabrication during the last four years, inspired by the ideas of Neil 
Gershenfeld.7 Our FabLab was created to allow architecture and engineering students at the university 
to improve their skills on digital fabrication thanks to the use of next generation technologies and 
advanced technological languages. Thorough the years, the users of the laboratory have been 
increasing, including a wide range of ages and backgrounds, as for example, high-school students. 
This was possible due to the fact that our university is run by the CEU Foundation, devoted for the 
development of education, and along with our university, it runs a great number of high-schools 
throughout Spain. One of our main goals has been to open the FabLab to high-school students 
interested in digital fabrication technologies to motivate them in their studies. To that end, in 2012 we 
started to design programs to improve their learning process using Digital Fabrication tools.  

The first program began in 2012 and was designed as a two week summer course, where pre-college 
students were required to develop a short intensive project similar to a first-year graduate school 
project with group discussions and reviews, training sessions in graphics and digital fabrication skills 
and direct access to the university library and the FabLab. The summer program was designed for 
those high-school students that were finishing up their junior year of high school and were thinking 
about their future, in order to motivate them to finish their studies and explore the possibilities of 
studying a career at the university. Specifically, due to my background as an Architect, it was created 
as a two-week program to introduce them to a career in the design and building professions. During 
the last four years we have been running this program with success working every year on the 
improvement of the activities using new digital fabrication technologies. 

In the same year, the FabLab started to participate in an after-school program where all the 
laboratories based at the CEU’s Institute of Technology were encouraged to cooperate on different 
hand-on workshop for pre-college students. The program included activities that were carried out in 
cooperation with other laboratories and our participation involve two sessions: on the first one, we 
taught students on how to use a computer aided design software, in order to draw in two dimensions a 
structural model. The idea was to explore different structural typologies that worked better according 
to different load actions. Once the drawings were finished, students learned how to laser cut the 
pieces using balsa wood. Then, they learned how to assemble them in a hands-on workshop. And 
finally, with the structural models finished, they tested them at the Laboratory of Building Structures, 
where they analyse their response to dynamic actions, using some tension compression machines. 

                                                        
2 Peek, Nadya (2015), Making Machines that Make: Object-Oriented. Hardware Meets Object-Oriented Software, 
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3 Rifkin, Jeremy (2015), The Zero Marginal Cost Society: The Internet of Things, the Collaborative Commons, and the Eclipse of 

Capitalism, Palgrave Mcmillan, Nueva York. 
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6 García, César (2016), Casi todo por hacer. Una mirada social y educativa sobre los Fab Labs y el movimiento maker, 
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As both programs succeed and the demand of activities for high-school students increased, we also 
implemented this program during the weekend including more activities. In 2014, we run a weekend 
workshop that allowed the collaborative participation of university and high-schools students from 
different backgrounds (engineers, architects and designers) that could work at the FabLab during the 
weekend on digital fabrication projects. The program involved the use of 3D printing and laser cutting 
technologies. The aim was to take advantage of the interest that students might find out in the 
development of digital fabrication projects, as well as their involvement on competitions that helped 
them to understand the application of the theoretical concepts that are taught at the high-school for the 
better implementation of these projects.  

The article will present a case study of the program: a workshop to learn how to fabricate mini-rockets 
using digital fabrication technologies and how to test them through a competition. The program was 
designed to make pre-college students understand the relevance of what they learn at their high-
schools and the practical application of the theoretical concepts that they acquire during pre-university 
studies for their future professional career.  

2 METHODOLOGY 
The article presents an approach to digital fabrication for youth in high school inspired by 
constructionist and Neil Gershenfeld’s ideas of FabLabs as tools for improving people skills to design 
and produce their own things. Also, we found out inspiration on Paulo Blikstein's use of FabLab 
technologies as alternatives to conventional classroom education. The program known as 
FabLab@School, created by Blikstein at Stanford University was a new type of digital fabrication lab, 
especially designed for schools and children with several special characteristics. The program 
involved a carefully-designed teacher preparation program that allows the full integration with school 
curricula, with a special focus on the connection with the disciplines (Sciences, Math and 
Engineering). Secondly, a set of tens of activities designed for children together with teacher, allowing 
students to engage in cutting-edge scientific investigation and engineering projects. And finally, a fully-
developed research program, with custom-made impact measures and learning metrics especially 
designed for digital fabrication and project-based environments.8 

The idea of running a program with high-school students at the university facilities came from the 
study of this previous program and the experiences of a growing community of researchers who are 
exploring the educational potencial of digital fabrication spaces and making. Among all them is worth 
to mention the FabLearn Fellows, grouped in the FabLearn community, a network created to 
disseminate ideas, best practices and resources to support an international community of educators, 
researchers and policy makers committed to integrate the principles of constructionist learning, 
popularly known as “making” into formal and informal K-12 education. FabLearn is based on the work 
of Blikstein and the Transformative Learning Technologies Lab (TLTL), an academic research group 
within Stanford University’s Graduate School of Education. Here, in Spain, it is worth mention AuLAB,9 
conceived as a didactic project addressed to primary, secondary and vocational education students 
developed with the participation of educational centers and teachers, with the aim of adapting them 
specifically to the needs and peculiarities of each group.  

Thinking about all this researches, we began to realize the potential of the FabLab environment and 
the digital fabrication tools to change the student’s misconception that learning is related to acquire 
knowledge and skills, to a new definition of learning that involves materializing their own ideas thanks 
to the use of new programming languages and technologies. In order to design a successful program 
aligned with all this previous studies but including also the involvement of high-school students in a 
university environment, their participation in projects to develop in cooperation with university 
professors and college students and the fabrication of designs that explain, not the theoretical 
concepts learned at the high-school, but the application of these principles into a professional career. 
We implemented a case-study design in the weekend program in which teens, program supervisors 
and instructors worked together to develop a short intensive project with group discussions and 
reviews, training sessions and a competition that involved all the participants and instructors.  

                                                        
8 Blikstein, Paulo (2013). Digital Fabrication and ‘Making’ in Education: The Democratization of Invention in FabLabs. J. Walter-
Herrmann & C. Büching (Eds.), Bielefeld: Transcript Publishers 
9 Tesconi, Susana; Arias, Lucia (2014). ‘Making As a Tool to Competence-based School Programming’, FabLearn Europe, 
Aarhus.  
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Figure 1. Participants at the mini-rockets competition held at FabLab Madrid CEU 

2.1 Program goals and objectives 
The high-school weekend program was created to allow the interaction of high-school and university 
students from different backgrounds (engineers, architects and designers) that could work at the 
FabLab during the weekend to reach several project goals and objectives.  

One of the main goals was to help students understand the relevance of what they learn in high school 
to motivate them in their studies. We attempted to combine the formal education taught in the high-
schools with the non-formal education provided in the FabLab based on projects, in a university based 
setting, which appears to be a motivation for the interviewed students. With this goal, we tried to prove 
that learning is not related to acquire knowledge and skills but to materialize ideas thanks to their 
application on a practical project.   

Also, we attempted to help students understand the practical application of the theoretical concepts 
taught in the core subjects of high-school programs for their future university career. On the fabrication 
of mini-rockets, Math and Physic concepts were required. Related to Math, the project involved using 
geometry for the definition of the mini-rocket’s shape, form analysis in order to slice a model and 
measurement tools, units, scales and Boolean operations to get the design. In relation to Physic, the 
nose cone, the body tube and the payload section was designed using physics laws to ensure the 
stability and the proper trajectory of the mini-rocket during the launching.  

Another objective was to increase the students' level of motivation in STEM courses through 
constructionist hands-on workshops related to these disciplines. The idea was to take advantage of 
the interest that students might find out in the competition to make STEM courses useful for the design 
of the mini-rockets.  

Finally, we tried to encourage students to enjoy technology and make it part of their lives, through the 
development of a digital fabrication project that allow them to entirely design and fabricate a prototype 
by their own. The aim was to provide a good learning environment so that students could be in charge 
of the technology, offering them the opportunity to use FabLabs machines by their own. The use of the 
FabLab facilities provided them an opportunity to think about new ways of experimenting with 
machines and materials during the hands-on workshops, in order to get the result they had planned on 
the software design sessions.  

2.2 Participants  
The weekend program was designed for high-school students to motivate them to finish their studies 
and explore the possibilities of studying a career at the university, as well as university students 
coming from different careers to work together in a multidisciplinary environment. The youth were 
between the ages of 15 and 18 and the university students were between 18 and 21 years old. The 
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number of participant’s students was twenty. In order to include in the program opportunities for 
underprivileged students and to follow the FabLab charter ─which encourage the FabLab community 
to open their facilities to the community─ the weekend program was free of fees. Due to the fact that 
participants were attending the high-school or the university during the week, there were no 
constraints related to attending an activity during the weekend and the necessary transportation was 
provided to travel to the airdrome at the end of the program, where the competition took place.  

As the idea was to show the practical applications of Math and Physic through the development of 
projects that involve digital fabrication, all students knew all the theoretical concepts and terminology 
associated to the contents of the workshop, but most of them were not familiar with the digital 
fabrication tools (3D printers, laser cutting machines and vinyl cutters) that allowed the fabrication of 
the prototypes. Some of the students were attendees to the after-school program, where we also used 
software design tools and laser cutting machines, but they were not familiar with other technologies 
planned to be used during the workshop. The main interest of the students, as they affirmed in the 
interviews that were conducted during the workshop was focused on the use of 3D printers for the 
fabrication of the mini-rockets and the competition to be held at the aerodrome at the end of the 
program.  

Our design team included one program supervisor, in charge of tracking the progress of the teens and 
responsible for the data collection and evaluation. The supervisor also evaluated the needs of the 
participants and addressed the ultimate outcomes, budget and schedule, designing also the types of 
activities most appropriate to reach the objectives. There were planned a theoretical session, a hands-
on workshop, a demonstration area to test the mini-rockets and a competition. The team counted on 
two university professors, in charge of the theoretical classes and finally, two FabLab instructors and 
two college students to assess participants on the use of software design tools for the design of the 
mini-rockets and to facilitate them the use of digital fabrication tools during the construction of the 
prototypes.   

2.3 Project activities  
The development of the project required different activities: first of all, a theoretical introduction to 
learn some concepts related to Math and Physics that could be applied on the fabrication of the mini-
rockets. Secondly, the design of the mini-rockets by the students, who worked in groups to determine 
their shape, solving problems, related to the geometry of each part, as for example, how to slice the 
model into smaller parts that should be later assembled or how to use measurement tools and 
Boolean operations to work in a 3D design environment. Finally, at the end of the program, a 
competition was held to launch the mini-rockets at the airdrome. The competition attempted to give 
students a chance to compete with other groups and to cooperate with their classmates to get a good 
score. But most important than that was the possibility that the championship offered to play with 
others. This idea of playing involved enjoying while learning as a way to better understand and 
interiorize concepts and ideas and at the same time, showed students that fun and enjoying doesn´t 
mean easy and involves hard work to get a good result 

Another idea that interested us to explore was that on a good learning environment the participants 
should be in charge of the technology, not the technology in charge of students, offering what was a 
new image of students using computers as tools for creativity. We tried to communicate them this idea 
of ‘teaching thinking’ giving students the possibility to use the FabLab machines by themselves, but at 
the same time helped by an instructor to assure their safety. The fact that they wanted to materialize 
an idea with a technology that has some limitations on the size, the lengths, the widths or the 
materials of the final designs, took them to think about new ways to experiment with the technology in 
order to get the result they were expecting. Students used the machines in a variety of ways that we 
couldn’t predict beforehand to build their prototypes. As a result of their imagination and ideas, 
although the design of the mini-rockets seemed to be similar, no any of them was fabricated using the 
same proceedings and materials.  

Some of them used 3D printing technology to fabricate the nose cone, the body tube or the payload; 
some other used the laser cutter to get the engine structure and then a light flexible material to cover 
it. One group even added an accelerator to measure the high that was reached on the launching so 
the mini-rocket had to include a parachute that allowed the recovering of the chassis afterwards. Other 
groups were more related to the appearance of the prototype and used a vinyl cutter to add some 
stickers so that they could identify their mini-rocket during the launching. In all cases, technology was 
used as a tool to develop their creativity and ideas. 
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Figure 2. Mini-rockets hands-on workshop at FabLab Madrid CEU 

3 RESULTS 
Although the weekend program presented at this paper is an ongoing project and we are still working 
on the data analysis and the evaluation, it is possible for us to show some results related to the 
activities of this specific case study. During the workshop the program supervisor (coordinator) meet 
with students, professors and instructors involved on this specific session to interview them but also, 
attended the sessions to take notes, pictures and video data as well as participate on the review of the 
work developed by the students (drawings, notes, models, etc). The first stage of the evaluation was 
carried out at the end of the weekend workshop by the evaluation team coordinated by the project 
manager. It was based on the data collection that included information from the following methods.  

To fully understand student’s impressions and get in-depth information about the participants’ 
experience we used information collected from interviews. Our aim was to measure the student’s 
response to the project rating their perceptions about the quality and impact of the workshop as well 
as their opinion about how the project increased their knowledge, skills and motivation. Also, we were 
interested into analyze whether the participants were able to use the digital fabrication techniques with 
confidence during the workshop and if they felt ready to design and prototype by themselves using the 
skills that they learned during the weekend program. According to the interviews, we realize that we 
have had a positive response to the workshop. They argue that it was “very interesting to do things 
that I had never did before at my high-school” or that the “workshop offer us new techniques and 
courses”. There were even students that showed their interest into enroll on our summer course 
program after finishing the weekend program to keep working on projects and using digital fabrication 
for different projects. 

To gather accurate information about the processes followed during the workshop, the coordinator 
also collected data through observation, attending the workshop to take notes, pictures and video 
data. Observing group interaction over the life of the project provided us valuable information to be 
used for implementing the activities that didn’t worked as it was expected, as well as thinking about 
new ones that could improve the learning processes. Trough observation, it was possible to recognize 
possible improvements not easily described by participants. We realized that the theoretical class that 
is taught at the beginning of the program should be shorter and distributed on the sessions. Students 
showed interests on the theoretical concepts only once they felt they need this information for the 
implementation of their design. We also realized that the workshop related to the use of the digital 
fabrication techniques should be taught earlier, even before they learned how to design. This way, the 
design of the mini-rockets could include new ways to overcome the limitations of the technology that 
they wanted to use to make the mini-rocket.  
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Figure 3. Design and fabrication of mini-rockets at FabLab Madrid CEU 

Finally, to determine the student’s state of skills we reviewed the projects developed for each group of 
participants. First of all, some test had to be made to check the mini-rockets in order to assure a good 
launching at the airdrome. Then, during the competition at the airdrome, it was easy to test which ones 
were best designed and fabricated because that implied that the mini-rocket followed the expected 
trajectory. But a review of the final prototype also allowed us to know about the level of the students 
on digital fabrication. Analyzing them it was easy to see if the students acquired all the skills on vinyl 
cutting, laser cutting and 3D printing that were expected and to rethink new ways of improving the 
activities that allowed them to improve their digital fabrication techniques. We realize that their 
imagination allows them to think on different ways of fabricate rockets so a brainstorming before the 
design workshop could be useful to select the best ideas to be implemented during the workshop.  

4 CONCLUSIONS 
As the education program presented at this paper is an ongoing program we keep working on the data 
analysis to get to a more depth conclusion but the first results based on a general data analysis 
related to the presented case study seems to prove that the program increase the motivation of the 
students on STEM courses as a complement of the formal education provided by the high-schools. It 
seems that the program achieve the objective of encouraging students to enjoy technology and make 
it part of their future life. Some implementations should be done on the workshop activities to improve 
the skills of the students and their engagement in all the activities, not only on the hands-on workshop 
but also on the theoretical classes. To that end, activities that allow more interaction between the 
lecturers and the students should be designed as a brainstorming, for example, to collect the ideas of 
the students before starting the design and fabrication of the prototypes.  

The succeed on the program implementation confirms the potential of digital fabrication to be used as 
a learning tool, through which it is  possible to create a working educational environment to show high-
school students practical applications of the theoretical concepts that they were acquiring during pre-
university studies guiding them to university careers, thanks to their involvement in a university 
environment and their cooperation with university professors and college students to develop the 
projects.  
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