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Abstract 
The teaching method based on Project-Based Learning (PBL) allows the students to acquire key-
knowledge and to improve practical skills by developing projects that try to solve real-life problems. 
They become active participants of their own learning progression, increasing their autonomy and 
responsibility. What is more, they have to be in charge of planning their personal work and elaborating 
the solution of the raised questions, being the instructor a mere tool for guiding and supporting them 
throughout the whole procedure. 

In this work, following a didactic methodology based on projects, the students are intended to self-
learn about the importance of the structural geometry and the strength of materials. The goal is that 
they could define and construct their own models, applying the engineering design process. 
Furthermore, with this activity the participants are expected to discover and understand the principles 
of equilibrium, rigidity, strength and stability mandatory in a structures project. The design process is 
requested to be developed in five main stages which are the definition of the problem, the 
investigation of previous related studies, the proposal of a solution, the phase of testing and the post-
analysis of possible improvements. All these steps should contribute not only to the autodidacticism of 
the student but also to stimulate the creativity, curiosity and scientific vocation of the people involved. 
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1 INTRODUCTION 
A dynamic and attractive vision of the innovation is desirable for the technological development of the 
modern societies. Then, science is recommended to be approached to the students from the earliest 
stages to the university levels. The promotion of their creativity can be achieved by direct contact with 
the research practice and appealing activities. Projects that aim to foster the imagination of young 
people prepare them for changes and for assuming risks or mistakes as a part of the learning process. 
In particular, experimental programs carried out by non-university students can help to trigger their 
scientific vocation. 

In the University of Castilla-La Mancha (UCLM), the scope of the Higher Technical School of Industrial 
Engineering (ETSII) is to attract the attention of the pre-university students from the region for 
favouring the election of its Engineering Degrees. With this objective the ETSII-UCLM organises 
several activities [1-3], as cycles of conferences and visits to its laboratories [4,5]. Following this 
philosophy, one of the proposals is to invite the students from the Obligatory Secondary Education 
(ESO) and the high schools of Castilla La-Mancha to participate in an open competition for designing 
and constructing a seat totally made of corrugated cardboard (see some examples in Fig. 1). Then 
using the PBL methodology based on learning during the development of a project, the participants 
could discover the engineering design process and they would be introduced into a multidisciplinary 
research which comprises several fields as the Strength of Materials, the Materials Science or the 
Structural Analysis. This activity aims to contribute to the scientific training of students, because they 
should apply the main steps of the general engineering design process for the accomplishment of the 
work. As a result the students are expected to find attractive the scientific career and, therefore, they 
would be motivated to start their university studies. 

Being more specific, this work proposes to the ESO and high school students to participate in a 
contest for defining and manufacturing a cardboard seat. The chair must support the load of a person 
without collapsing, sinking or overturning. The evaluation of the design would be based mainly on 
structural parameters, but it should also take into account the construction techniques, comfort, 
ergonomics, aesthetics and originality of the model. The intention is that the participants would 
discover and understand the principles of equilibrium, stiffness, strength and stability present in the 
structural design [6]. Besides, they should learn the importance of the geometry in the zones 
subjected to flexural loading for being able to "hold" the load and they must avoid the possible sources 
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of instability that could appear in the compressed parts. Furthermore, they would have to develop their 
structural skills because the paperboard is a material with poor mechanical properties. 

 
(a) 

 
(b) 

Figure 1. Examples of cardboard chairs. Photos taken from references [7] and [8]. 

2 OBJECTIVES 
The main objectives of this initiative are associated with the influence and impact of the scientific 
disciplines in the populations: 

• To increase the innovation culture in the region of Castilla-La Mancha, by means of improving 
the scientific and technical education of the society. 

• To approach the science and technology to citizens, shortening distances between the 
academia and the general public by supporting the active participation of the society in the 
research process and the dissemination of its results. 

• To promote of the creativity and the scientific vocation of pre-university students by direct 
contact with the PBL method and the research practice. It would be highlighted how useful 
science and technology are from the economic and social points of view and how attractive the 
research work is as a profession. 

3 THE CONTEST 
The intention is to organise a competition in which the participants must design and manufacture a 
cardboard seat. Any student of ESO and high school of the region of Castilla-La Mancha could 
participate. No money is required to take part of the activity or in the worst case the cost is minimum, 
due to the fact that the students only would need cardboard as structural material (if it is possible 
recycled from old packaging), a cutter and a pair of scissors. 

3.1 Bases 
Teams with a maximum of three students can participate in the contest. Then, the main rules that 
have to be complied by the participants are related with the dimensions and requirements of the seat, 
the material utilised and the guidelines of the evaluation: 

• Only single or double wall corrugated cardboard are allowed to be used. The utilisation of 
adhesives, tape and plastic or metal bonding is not permitted. The employment of already used 
materials from old packages is recommended. 

• The seat has to support the weight of a person (minimum weight required 50 kilos). In any case, 
those lighter structures supporting the highest possible load will be better valued/evaluated. 

• The design must include an horizontal seat and a backrest. The horizontal part should be 
located at least at a distance of 40 cm from the floor (measured from the floor to the top of the 
horizontal seat). Meanwhile, the top of the backrest should be positioned at a height equal or 
higher than 75 cm from the ground. 

• The jury not only has to evaluate the stiffness, strength, stability, ergonomics and aesthetics of 
the structure, but also it has to measure the quality of the design process followed. Therefore, it 
should assess the steps followed by the students for finding out what other people did before, 
the sketch or draw of the geometry chosen, if they used the appropriate material, the 
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performance of preliminary testing on small scale models and lastly how they assembled the 
final structure following correct and safety guidelines for developing the cutting activities. 

3.2 Mode of participation 
An internet space is planned to be created where all the information regarding the competition has to 
be published. Besides, the definition of the challenge and the aptitudes or competences that the 
students will develop should be described, as well as the criteria of evaluation of the projects. Then, all 
the publicity related with the contest as brochures, campaigns or presentations should be included in 
the web. 

A virtual online-participation is proposed. The different teams should develop their projects in their 
respective secondary and high schools with the help of their close colleges, friends, families or 
teachers. The scope of the webpage is to maintain the feedback with the participants, to answer their 
doubts and questions and to enable the upload of a video explaining the design and construction 
process followed, as well as the final result that they obtained that will be evaluated (as a matter of 
example, please see the video of reference [9]). 

3.3 Awards 
The projects should be assessed by a jury constituted by members of the research group COMES 
(COntinuum MEchanics and Structures), which belongs to the ETSII-UCLM. The three first teams 
classified will be awarded with a diploma as a symbol of recognition, while the rest of the groups will 
receive a certificate of participation in the contest. Likewise, the five best designs will be invited to 
exhibit their seats in the scientific expositions celebrated in the ETSII-UCLM. 

4 METHODOLOGY OF WORK 
In general terms, the PBL method demands to follow several steps that have to be accomplished 
during the design process. In order to motivate the students, a subject linked to the reality is 
suggested to be chosen. The fact of formulating guiding questions can help them to detect if their prior 
knowledge of the topic is enough and it impulses them to think about what to investigate and what 
strategies they can propose to solve the problem. Groups of a small amount of students are 
recommended with certain diversity of profiles in which each one would play its own role. In the 
earliest stages, the participants are encouraged to present a work plan in which the tasks, the 
managers and the schedule should be specified. They should have enough autonomy to search, 
contrast and analyse the information that they need, being the role of the teachers and organisers to 
act only as a guide. Once the students have all the information gathered, they have to be able to 
structure it for sharing these ideas and making a debate about them. Then, they could develop their 
hypotheses and choose among them the best option to solve the problem. The elaboration and 
presentation of the product are two of the most critical stages of the project, in which they have to 
apply their constructive and communication skills in order to convince the audience. A self-evaluation 
of the work is recommended, analysing the degree of creativity and evaluating the failures and 
mistakes. The spirit of improvement would be reflected in the final response of the students. 

Hence, in this activity the general engineering design process (Fig. 2) should be applied to the specific 
situation of the definition and construction of a cardboard seat. The scope is that the students discover 
some structural principles and the concept of how the form follows the function. The design should be 
aesthetically pleasing, original and comfortable. The time required for the consecution of the project is 
approximately one full semester. The students can be helped by their relatives, teachers or friends, 
being their possible involvement invaluable for them. The use of dangerous tools as scissors or cutters 
makes obligatory that the students will learn some basic safety precautions. The proposal is opened to 
any secondary and high school student of the region, being easy the participation due to the un-
expensive materials and the possibility of developing the activity “at home”. Once the definition of the 
problem is stated, the rest of the steps that the participants has to follow to assure their success are 
listed in the following sub-sections. 
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Figure 2. General design process in engineering. 

4.1 Investigate 
For understanding the design process, as well as grading the project and previewing the deliverables, 
a wide research of examples from high schools, universities and professionals or even videos and 
photographs from internet can be used as resources. These can help the students to appreciate better 
which level of expectations there are. In professional design companies the “research” phase is the 
most important step and it takes time. This would be desirable to be similar in the cardboard seat 
project. The investigation time should not be skipped and, therefore, a big effort on explaining to the 
students the necessity of following all the design process of Fig. 2 should be done. At the end of this 
phase, each team should have their own findings and they should have a big picture of the whole 
process and their necessities. 

4.2 Design 
Each group will end up the previous step with a series of reference chairs. In the next stage, the 
members of the team should combine the best ideas resulting of their brainstorming to create an 
intermediate small scale model. This pushes the creativity of the students, deciding which proposal 
has the most potential to succeed. Professional designers use the technique of the “rapid prototype” 
made of clay or paper for developing a small scale model which helps to visualise the seat in 3D. 
Then, the students should be able to translate the 3D model to a 2D graph, in order to create the final 
pattern of the chair. Not only would the seats have to be assessed based on their strength and 
stability, but also the uniqueness of its form, shape and craftsmanship should be taken into 
consideration. Three interesting variables would have to be also evaluated, which are the aesthetics, 
the marketability and the ergonomics of the seat. The students would have to find answer to non-easy 
questions as: What makes a chair attractive, desirable, comfortable or novel? 

4.3 Improve 
This is the moment of revising, analysing and finalising the design. The students should try to find the 
strong and weak points of the model. Also, it has to be evaluated if the design needs to be modified or 
if there are new parts that should be incorporated. Redesigning is a practise that professionals do 
constantly, being normal to start the process with small “baby steps”.  Not being afraid of failing and 
trying new improvements is recommended. 

4.4 Build 
In this ending step, the students have to build the final seat from previous manufactured cardboard 
pieces obeying all safety procedures. At this point, they should have their pattern traced on their 
cardboard and they should begin cutting out their shapes and assembling their chair. Although this is 
the funniest part of the process because finally they see how their project is coming together, several 
problems would occur and would have to be solved. A good and clean craftsmanship does not come 
easy. The students should identify their errors and try to insist on managing sharp edges and 
rectangles with right angles for avoiding constructive mistakes. Besides, the students would have to 
follow during the cutting process several safety rules that would be uploaded in the webpage of the 
contest. A confidence building technique is needed, because the pieces have to be arranged and the 
different parts have to fit. The construction technique should take into account how to create joints 
without glue. The students should learn that any failure during the construction should not discourage 
them and the trial and error process will ensure their final chances of success. 

5 CONCLUSIONS 
Following the PBL methodology, the work proposes to the ESO and high school students to take part 
of a competition for designing and constructing a cardboard chair. This aims to contribute to improve 
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their own learning progression, increasing their autonomy and responsibility. Besides, the projects 
intend to foster the imagination and to trigger the scientific vocation of the young people. The online 
participation will be supported by the creation of a webpage in which the students can interact with the 
organization, read the rules, follow advises and upload their final designs. The evaluation of the 
models would be based mainly on structural parameters, but it should also take into account the 
construction techniques, comfort, ergonomics, aesthetics and originality of the design. The intention is 
that the participants would discover and understand the principles of equilibrium, stiffness, strength 
and stability following the general design process in engineering. 
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