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Editorial

On behalf of the organizing committee, we are honored to invite you to the SECOND IN-
TERNATIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE TWENTY-FIRST 
CENTURY, to be held in Bilbao (Spain) on 4 and 5 July 2019.

The conference is co-organized by the University of the Basque Country (UPV/EHU) and the 
Universitat Jaume I in Castelló (UJI) and continues the debate started two years ago in Castelló 
de la Plana, where the central theme of the conference was “New Competences in the Area of 
Sustainability and University Social Responsibility”. The central theme of this second interna-
tional conference is “Engineering Education towards Sustainability: Approaches for Institutionali-
zation and Teaching Implementation”. 

In a world deluged by social realities, change is an absolute necessity. Such change has 
found its way to European Higher Education Area, affected teaching objectives, pedagogies, 
and knowledge transmission. With the mission to help learners to create their capability profiles, 
this change visualizes graduates who can be absorbed easily by ever-evolving industries. To this 
aim, new active learning methodologies and Information and Communication Technologies 
(ICT) have been introduced and applied. These changes started to appear in classrooms in the 
era that also fosters social values such as Sustainable Development Goals and Conscious Social 
Responsibilities more than ever, striving to build an equitable world. 

Education in such a time then becomes a multifaceted and complex phenomenon. There-
fore, constant communication and continuous reflection on needs, challenges, and interventions 
from practitioners, educators, and industry representatives seem necessary. We believe localized 
and contextualized experiences that shaped by specific academic cultures and education sys-
tems equip us better in meeting the urgent demands of this century.  

This second conference is structured in six blocks: it will keep the five sessions set in the 
former edition but preceded by a debate on the sustainability and institutionalization models for 
the university system:

a)  Institutional leadership towards education for sustainability
b)  Service-learning and social commitment in engineering
c)  Engineering and development co-operation
d)  Environmental sustainability
e)  Corporate and business social responsibility
f)  Engineering and diversity



SECOND INTERNACIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE 21ST CENTURY – ICEE21C 2019

5

During the first session of the conference, we invite you all to discover and share the differ-
ent ongoing approaches in institutionalization of sustainability in university contexts. For so, del-
egates from national and international academic institutions, who are recognized for their work 
in the development of programs and strategies to implement sustainability objectives in their in-
stitutions, are invited to share their insights. The experts will gather at round tables for presenta-
tions, debates, and deliberations about different strategies.

The second part of the conference consists of specific sessions aiming at disclosing the best 
way to address competencies associated with sustainability. In each session, we will focus on 
one of the five proposed issues. We will work from strategies of educational innovation applied 
to engineering studies and listen to colleagues who are implementing different aspects of Social 
Responsibility and Sustainability in the curricula of graduate and postgraduate engineering stud-
ies. The contributions are but not limited to the creation of theoretical frameworks, guidelines for 
research in engineering education, implementation sustainability objectives in higher education 
institutions, application of new methodologies in the classroom, presentation of teaching experi-
ences and other activities related to education in engineering.

Each session invites lectures and leading experts from universities and institutions with rele-
vant experience in framing sustainability objectives. The contributions of researchers who already 
work in this direction are expected to serve as inspiration as well as illustrative examples.

Communications will be in the form of oral presentations, poster presentations, and virtual 
presentations. Each session will embrace several selected oral and virtual presentations followed 
by a workshop consisting of poster teaser presentations and debates. 

The conference will be live-streamed for whom wish to participate but cannot attend in 
person.

The organizing committee looks forward to welcoming you all to a fruitful conference with 
open discussions and important networking to promote high quality education.

On behalf of the organizing committee,

Teresa Guraya Diez (UPV/EHU), co-chair 
1Luis Cabedo Mas (UJI), co-chair

*  The present book is the compilation of the abstracts submitted by the conference delegates as delivered.
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Introduction

The Sustainable Development Goals (SDGs) link global needs with participation and ed-
ucation (SDG 4), and through the key transversal competences aim to achieve all the SDGs 
(UNESCO, 2017); for this, the Learning-Service methodology can be significant (Puig, Batllé, 
Bosch, and Palos, 2007, Puig, Coord., 2009, Martínez-Agut, 2018). This methodology links 
learning with service to the community and, therefore, with the need to commit to improv-
ing the environment.

As considered in an educational report on Latin America, disseminated by UNICEF, this 
methodology is adapted to the characteristics of the area, although it does not arise in it, 
and has had a great expansion in Latin American countries (UNICEF, 2015).

The permanent training of teachers includes the modality of training stays in other uni-
versities, which provides both the visiting professor and the institution that receives it, a 
very positive exchange of different strategies, methodologies, points of view, etc. (Aznar-
Minguet, Ull, Martínez-Agut, and Piñero, 2017, Aznar-Minguet, Ull, Piñero, and Martínez-
Agut, 2017).

The institutional relationship between the University of Valencia and the University of 
Camagüey “Ignacio Agramonte Loynaz” (Cuba) begins when it comes to the Department of 
Education Theory of the Universitat de València in May 2018, a professor at the University 
of Camagüey ( Cuba) to make a training stay. The Learning-Service methodology is striking 
and interesting to the visiting professor, so there is an interest to introduce it in his Univer-
sity, with the advice of the professors of the University of Valencia in this process.

The exchange between the two Universities continues when a professor from the Uni-
versitat de València moves to the Universities of Camagüey and Pedagogical University of 
Havana, in February 2019.

Results and Discussion 

Process description

The Universitat de València, in the section on International Relations, presents a Co-
operation unit that deals with the dissemination and management of different scholarship 
programs (own and from other institutions), training, research, development and awareness 
projects (UV, 2019).

In May 2018 the Department of Educational Theory of the Universitat de València, a 
professor from the University of Camagüey (Cuba) attended a training stay, with the call for 
Young Investigator Scholarships 2018 of the Cooperation Program 0’7 of the Universitat de 
València, aimed at researchers from developing countries (UV, 2017). From the faculty of the 
Department is presented different Research Projects in which this faculty participates, includ-
ing the Research Project of the UV UV-SFPIE_GER17-588199, with the UVAPS Title: Valen-
cian Public Universities by the APS. This methodology is striking and interesting to the visit-
ing professor, so it is presented how it is carried out (Martínez, Coord., 2008, Martínez-Agut, 
Aznar, Ull, and Piñero, 2007; Ull, Aznar, Martínez, Palacios, and Piñero, 2008).
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Within the Research Project on Service-Learning, there are different work groups, 
the authors of this work being “Education and awareness in schools, adult education and 
teacher training”, responsible for collecting and disseminating experiences , establish re-
lations between the UV and other institutions (such as the Training Center, Innovation and 
Resources for Teachers -CEFIRE-), disseminate the initiatives carried out in Conferences..., 
promote the realization of ApS between different university educational stages and non-uni-
versity, among others.

The exchange between the two Universities continues when a professor of the Univer-
sitat de València with the aid of Mobility by Framework Agreement between the Universitat 
de València and other institutions of Higher Education from foreign countries of develop-
ment cooperation for the year 2019 (UV, 2018) , moves to the University of Camagüey and 
the University of Pedagogical Sciences of Havana in February 2019, and a joint work is car-
ried out with the faculty of the Environmental Management Studies Center of Camagüey 
and with the Center for Environmental Education Studies- Gea, from Havana.

More positive aspects

In this line a collaboration has been initiated, the implementation of Service Learning 
from sustainability (Martínez-Agut, 2015; 2016; 2017; UNESCO, 2014), in various degrees of 
the University of Camagüey “Ignacio Agramonte Loynaz”, as they are the Master in Environ-
mental Education and the Bachelor in Education in Biology, and in the degrees of the Univer-
sity of Pedagogical Sciences “Enrique José Varona” of Havana (Cuba) as they are, the Master 
in Geographical Education, and the Bachelor in Education, Geography and Biology, with the 
support of the working group of the APS Project of the University of Valencia. It is a project 
that integrates different disciplines that converge in the theme of education for sustainability.

Difficulties and strategies used

In the first place, a formative support is made to the teaching staff, so that:

•	 A working group is created in the University of Camagüey and in the University of 
Pedagogical Sciences of Havana, the degrees and subjects where the APS could be 
started from a Sustainability point of view.

•	 Indications are given on how to introduce the ApS in the subjects, manage the or-
ganization of the classroom and of the students, tutorize the choice of subject and 
the place of intervention, carry out the accompaniment of the students and the evalu-
ation of the learning and the service.

•	 A document is proposed to make the report-memory of the ApS.

All these elements will require joint advice, collaboration and learning from the UV team.
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Challenges and perspectives

For the realization and implementation of this project different communication, training 
and contact ways are established: to enhance the training stays of the teaching staff, to carry 
out joint activities, participation in congresses and seminars, student exchange and mobility, 
to initiate linked research.... (Cortina, Escámez, García López, LLopis, and Ciurana, 1998; Es-
cámez, 2004; Escámez, 2008).

Contacts are also initiated with the Federal University of Minas Gerais (Belo Horizonte, 
Brazil) to present this methodology and initiate a joint collaboration from the fields of teach-
ing and research.

Conclusion

The students and the university teaching staff must be linked to their context and 
their community from education for sustainability, and the Learning-Service methodology 
presents the possibility of relating the learning from the university curriculum to the service 
to the community. Training from the university needs to be linked to meaningful learning, 
linked to the reality of the student body and with an ethical orientation. Even more in those 
degrees linked to sustainability and education. Learning-Service is, in this sense, an ideal 
methodology to work together these objectives.

Finally, publicizing this methodology in other universities and establishing work net-
works is a necessity at present (Altarejos, Rodríguez, and Fontrodona, 2003). Universities 
must promote Development Cooperation Programs to achieve enriching exchanges and 
teacher training.
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Introduction

The coming decades of this century will probably be decisive in terms of changes and 
social and environmental improvements. This fact is known by the political leaders of the 
different nations that make up the UN, and this was reflected in the 2030 Agenda by set-
ting the Sustainable Development Goals (SDG), seventeen proposals that link global needs 
with social participation and education. . Although achieving these objectives for the date 
marked would be more than desirable, it is not an easy task. From the educational field we 
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must contribute with strength, professionalism and creativity to make them more accessible 
(UNESCO, 2017).

Through methodologies such as Service Learning (APS), we can collaborate in the jour-
ney of this path already started, since it links the educational and the social with the idea of ​​
providing changes and improvements to the community.

One of the fundamental objectives of the University is to train competent professionals 
in different fields, prepared to be part of society and its professional environment in an ac-
tive and relevant way. Learning-Service is a methodology that combines learning with serv-
ice to the community, in a single well-articulated project, which allows generating mean-
ingful and applied learning with a commitment to the environment and participation in an 
active citizenship, since the Students act as committed citizens, a form of direct learning of 
participation in society (Batlle, 2011; Martínez, 2008).

On the other hand, the Learning-Service methodology promotes competences such as 
problem solving, motivation to learn, interpersonal communication, ability to observe and 
apply knowledge, personal development, commitment to democratic values ​​and solidarity, 
to improve critical thinking and skills of communication and planning, in an active participa-
tion in organized activities serving the real needs of the community, based on the subject 
programs, through commitment to the community (UNICEF, 2015).

This methodology presents as characteristics, that new knowledge is learned and a per-
sonal development takes place; it requires the active participation of students; and a sys-
tematic organization; the goal is the needs of the community; coordination is required be-
tween the formal or non-formal educational institution and the community receiving the 
service; generates civic responsibility; the service is integrated into the academic curriculum 
or into the formative proposals of the non-formal educational entities; It is necessary to ded-
icate a time previously planned for reflection on the experience (Puig, Batllé, Bosch, and Pa-
los, 2007).

Results and Discussion

Entities that enhance the ApS

CApSa and UVApS program

The cApSa program, promoted by the Universitat de València to make visible, em-
power and recognize this methodology that is characterized by being proactive, coopera-
tive, participative and transformative, both in teaching (training university professors, making 
their action visible, supporting them with didactic material and creating the RAGALO award 
for the best APS presented by the students in all areas) and in the research (with the UVAPS 
network —Universidades Valencianas for the ApS—), promoting a network of researchers 
from innovation, transfer and research (Universitat de València, 2019a).

The network of Valencian Universities for the ApS (UVApS) arises in the Universitat de 
València from a project of institutionalization of the ApS, which aims to stimulate, visualize 
and prioritize the research arising from the different subjects and existing projects around 
this methodology, It is a network formed by members of different higher education insti-
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tutions of the Valencian Community that intend to disseminate this learning methodology, 
promote practices and establish links between all of them Universitat de València, 2019b).

Grup promotor de l’ApS de la Comunitat Valenciana

It wants to offer a meeting framework for the people interested in the ApS, together 
with the contact with the groups and centers of promotion of the ApS in Spain. The coordi-
nation team integrates teachers from educational and university centers, professionals and 
volunteers from social entities, municipal technicians, promoting courses and conferences 
(Grup promotor de l’ApS de la Comunitat Valenciana, 2019).

Introduction of the ApS in the levels of Degree, Master and Doctorate

The introduction of the Learning-Service methodology in the subjects of Degree, Mas-
ter and Doctorate in the Universitat de València has been implemented since several aca-
demic courses in different subjects, in which this work is taken into account as part of the 
evaluation of the subject (with a percentage that tends to be over 25% of the overall mark), 
and the realization of the group, with an accompaniment by the teacher (Martínez-Agut, 
2014).

Specifically, in the Faculty of Philosophy and Education Sciences has been implemented 
in subjects of Degree, Master and Doctorate.

In Degree:In the Degree in Social Education, the third year the APS is introduced jointly 
in five subjects, and in this way a common project is unified to all the teachers of the differ-
ent subjects and their contents, creating a collaboration and understanding focusing the ef-
fort towards the same direction; students understand the academic year as a whole and not 
as unconnected subjects, giving more meaning to their training in Social Education, to be 
able to materialize the contents in a service to the community, and that ultimately is the re-
cipient of the work that is done within the university and promotes a feedback to the stu-
dents that will facilitate their improvement as a professional.

Also in the optional subject of 4th course, “Education for Sustainability”, the APS is in-
troduced in the field of Sustainability (Martínez-Agut, 2015; 2016; 2017; 2018; Martínez-
Agut, and Ull, 2014).

The Degrees of Social Education and Pedagogy, share the subject Social Pedagogy 
and Philosophy of Education, in which the students make an ApS linked to the subjects of 
the subjects (Martínez-Agut, Zamora Castillo, and Pons Hervás, 2017). Also in the Degree in 
Philosophy the ApS is proposed (in subjects such as Problems and Currents in Education)
Several Final Degree Projects (TFG) with this methodology have also been presented, from 
the Practicum, in many cases.

In Master: As an example, in the Master’s Degree in Secondary Teacher Training (Uni-
versitat de València, 2019c), which presents 20 specialties and about 1000 students each 
year, in the subject “Process and Contexts” this methodology is presented; there is an op-
tion in the Final Master’s Project (TFM) to be able to apply it and some works have been 
elaborated, and also in the Practicum it is observed how in some centers it is carried out.
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In Doctorate: In the Doctoral Program in Education, this line of research is presented to 
doctoral students in training seminars, and is offered as a research option.

Some doctoral theses have been defended in this field. There are 4 doctoral theses, of 
which two have been defended at the Universitat de Valéncia (Escoda, 2018; Zayas, 2015).

Conclusion

The students and the university teaching staff have to be linked with their context 
and with their community in education for sustainability, and in the Learning-Service 
methodology it presents the possibility of relating the learning of the university curricu-
lum with the service to the community. Making this methodology known in other univer-
sities and establishing work networks is a necessity at present (Altarejos, Rodríguez and 
Fontrodona, 2003). The universities have been to promote the Learning-Service to give 
back to society.

Conducting an analysis, from the degrees of the Faculty of Philosophy (Degrees in Phi-
losophy, Pedagogy and Social Education) this methodology is used and is part of the pro-
gramming of different subjects and grades as usual, including Final Degree Works and in the 
Practicum .

In the Master’s Degree in Secondary Education there is a more important plant, this 
methodology is presented but it is more complicated, as well as a great academic load in a 
course. It could be strengthened more from the completion of Final Master Projects, and the 
students will enhance this practice in the practical, to teachers in active.

In the field of doctor have defended two theses in the University of Valencia of this sub-
ject, very relevant, but it is necessary to continue promoting the investigation and the diffu-
sion in the articles and Scientific Meetings.
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Introduction

This work aims to show the sustainable engineering developed by the Costa Rican Insti-
tute of Electricity and how its policy of respect for the environment has managed to restore 
the flora and fauna in the sector of the Miravalles volcano turning today a large part of the 
area into a national park.

On April 8, 1949, through Decree-Law No. 449, the Costa Rican Electricity Institute 
(ICE) was created, which would ensure the efficient and responsible use of Costa Rica’s 
water resources. This institution would then have the purpose of taking the electrical de-
velopment to all regions of Costa Rica. Thus each Costa Rican could enjoy the advan-
tages of technological progress regardless of their economic condition. The ICE, was 
created as an autonomous institution responsible for the development of the sources of 
electricity production in the country. Since its creation, the primary objective of ICE is to 
develop the Costa Rican energy potential and supply electric power with quality, cover-
age and opportunity. With this vision, ICE has achieved for more than 66 years to meet 
the demands of electricity, not only of Costa Ricans, but also of some countries in the 
area. Today, Costa Rica is fed by a unique and interconnected system, whose adminis-
tration is exclusive of ICE. This has reached acoverage of 99.4% of the nation; it is the 

mailto:bryanmoncada25@gmail.com


22

SECOND INTERNACIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE 21ST CENTURY – ICEE21C 2019

second with the highest penetration and the cleanest in Latin America. Under this struc-
ture, it bases its generation on five main renewable sources, in order of volume: water, 
heat from the earth, wind, sun and biomass. As a complementary and supportive means, 
it uses hydrocarbons [1].

The Miravalles region, located between the districts of Fortuna and Guayabo de 
Bagaces, in the province of Guanacaste and Aguas Claras de Upala, in the province of 
Alajuela, was declared a protected area as of March 16, 1976 (through executive decree 
No. 5836-A).

Its main reference is the highest volcano in the Guanacaste Range: the Miravalles vol-
cano, with an altitude of 2028 meters. This volcano has an inactive crater, with lava flows 
that descend towards its ancient fumaroles and merge with the jungles that cover it. The 
areas near the base of the volcano have vestiges of volcanic activity. The last recorded 
eruption was a small gas explosion that occurred in 1946 [1]. 

Due to the high hydrothermal activity, ICE installed the Miravalles Geothermal Project 
in the area, where electricity is generated by the steam that emanates from the volcano. 
In addition, there is an important wind, hydroelectric and solar potential in the area that is 
used by the I.C.E. and private companies for the generation of clean energy. The climate 
in this region has temperatures that range between 15º C (59º F) and 32º C (90º F). and its 
average annual rainfall is 3,500 mm. (140 inches). Miravalles, is a region of imposing bu-
colic landscapes surrounded by environments and ecosystems in which there is a great 
variety of flora and fauna, populated by primary cloud forests, humid forests where bro-
meliads, heliconias, palms, orchids, cedar trees, oaks abound , jícaros; rivers of crystalline 
waters, waterfalls, fumaroles, springs of thermal waters and cold waters in whose vicinity 
you can observe the fauna: monkeys, anteaters, felines, coyotes, white-tailed deer, tapirs, 
birds of various species such as: bell-birds [2].

The transition of clean energy came about in the mid-70s, when the global hydrocar-
bon crisis prompted the search for more efficient and profitable energies. It was then that 
Costa Rica designated and brought Dr. Alfredo Mainieri Protti, an Italian specialist in ge-
othermal energy, to investigate and search for feasible sites to produce geothermal en-
ergy. This is how the country’s first geothermal project was born, which was located in La 
Fortuna de Bagaces, with direct influence on the La Fortuna and Guayabo communities. It 
has an installed capacity of 204 MW installed. It started its operation in 1994 and is known 
for being the first in the world to reinject all the fluids extracted from the steam reservoirs, 
which allows a greater conservation of the resource [2].
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Results and analysis 

Figure 1.  Changes in flora and fauna of the areas near the Miravalles volcano (3)

	

Figure 1 shows the changes in the area near the volcano over the years where it is pos-
sible to observe the evident recovery of forest and therefore of flora and fauna.

All this recovery is thanks to the environmental policies of Costa Rica and ICE, all this starts 
from the inclusion of the environmental variable within Article 50 of the Political Constitution, 
in 1994, it is established that every Costa Rican citizen have the right to a healthy and ecologi-
cally balanced environment. From this article, a whole legal framework of reference emerges 
in Costa Rica, based on this modification of the Magna Carta. In 1995 under the constitutional 
protection of Article 50, Costa Rica publishes the Organic Law of the Environment (LOA), Law 
No. 75544, which dictates its first article “will seek to provide Costa Ricans and the State with 
the necessary instruments to achieve a healthy and ecological environment” [3].

The environmental policy of the ICE commits the institution to “efficiently and effec-
tively manage its processes to meet the electric power requirements and specialized serv-
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ices of the client, anticipating pollution, preserving the environment, promoting a safe, 
healthy work environment and controlling the risks of the business, under criteria of con-
tinuous improvement and compliance with current legislation and other applicable require-
ments. “This policy governs the general guidelines and procedures for the environmental 
and social management of ICE. Within these policies we can find the following [4].

Table 1.  Environmental policies of the ICE

Policy, guidelines or 
protocol established Objective

Environmental policy of 
the Electricity Sector

Create a reference for good environmental management and practices that in-
cludes compliance with environmental regulations, ensuring the reasonable use 
of resources, protection and environmental recovery, environmental aware-
ness and education, and finally, their contribution to sustainable development.

Environmental Guide-
lines of the Electricity 
Business

Focus on the rational use of natural resources and ensure that any work to 
be done is to maximize the benefit to surrounding communities and mini-
mize negative impacts.

Social Responsibility 
Policy

Support the development of communities in areas of influence of projects 
to the point of supporting the creation of new small businesses.

G r e e n  p u r c h a s i n g 
guidelines

Ensure that in the acquisition of goods and services, environmental require-
ments related to one or several stages of the “life cycle” of the product to 
be purchased are contemplated.

Wildlife Monitoring and 
Research Protocol

Look for consistency in the execution of monitoring and wild research in or-
der to understand the response of the fauna to changes in land use and the 
introduction of species rescued in some places.

Protocol for the Evalua-
tion of Water Quality

This protocol establishes the methodology for the evaluation of the quality 
of surface water bodies so that the information supports the implementation 
of management plans and decision making.

Protocolo Infraestruc-
tura Protección de 
Fauna

Create an adequate procedure for the protection of wildlife in the works of 
the ICE. It establishes a series of actions to prevent the death of animals.

Protocol Infrastructure 
Protection of Fauna

Understand the quality of surface water in the area of influence of the facili-
ties and is used to support mitigation and management plans.

Protocol for the Man-
agement of Animals in 
ICE Facilities

Minimize the entry of wild or domestic animals in the ICE sites, in order to 
prevent the abuse of them, and minimize the possibility of transmission of 
diseases or pests as a result of their proximity.

Protocol of Clinical As-
pects

Focus on the consistency of clinical management of wildlife species rescued, 
in order to reduce the mortality of species and be able to release individuals 
to the environment.

Protocol Methodology 
for Diversion of Chan-
nels

Establish the procedure to follow in the change of course of courses during 
the execution of works, seeking the generation of technical information re-
quired to compensate and mitigate the impacts of these actions.

Protocol of Rescue and 
Translocation of Flora 
and Fauna

Prevent the destruction of the species present in the area of influence of the 
projects.

Protocol of Ecological 
Restoration

Carry out actions to restore ecosystems affected by ICE activities, in addi-
tion to serving as alternatives for mitigation processes.
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The Costa Rican Electricity Institute plans and executes its activities based on the princi-
ple of sustainable development; Its management is carried out with an attitude of conserva-
tion, protection, recovery and responsible use of the environment [5]

Thanks to all the protocols, guidelines and policies mentioned in Table 1, ICE has 
not only been able to regenerate a large part of flora and fauna in the Miravalles region, 
but has also been able to develop a completely sustainable and compatible with the en-
vironment engineering. for example, it does not generate contamination of surface aq-
uifers. Geothermal systems are designed in such a way that the extracted fluids return to 
the reservoir, this allows to avoid contamination of the environment and additionally en-
sures a longer life of the field. The environmental impacts by noise are only generated 
during maintenance activities of the systems, under normal operating conditions the 
noise generated in the wells and field structures are minimal and easily overcome by the 
ambient noise (wind, etc)

Due to the configuration of the facilities and their design, the visual impact of these 
projects is very low and easily controllable, in fact in many countries and Costa Rica does 
not have to be the exception, this type of projects are attractive from the point of view tour-
ist, so it can mean a great benefit for the communities dedicated to tourism.

The effects on the environment are punctual and reversible. The surface facilities oc-
cupy small areas and if they are not required, they can be easily removed and the areas 
where they are located can be recovered. Contributes to the enrichment of biodiversity due 
to the recovery of areas (reforestation).

Conclusions

The institutional policies managed by ICE to maintain sustainable development have 
proven to be extremely effective since they have made it possible to make an evident series 
of changes in the Miravalles region, both environmentally and socially.

This project shows a clear example of which large-scale engineering projects are com-
patible with the conservation and recovery of the environment, since to date all the ICE 
properties in Miravalles have been recovered and are already important development for-
ests. So much so that in the month of July will be inaugurated the Jorge Manuel Dengo Or-
egon national park, which covers the entire area of ​​the Miravalles volcano, where undoubt-
edly the ICE is one of the great influencers in the restoration of flora and fauna of much of 
the sector of the National Park.

A sustainable engineering development with the environment also benefits the sur-
rounding towns. The Miravalles Geothermal field is a living example of how the exploitation 
activity of a geothermal field contributes to the social and economic development of neigh-
boring communities. For the communities of Guayabo, Fortuna, San Bernardo, Aguas Claras 
mainly because it promotes tourism in the area and also provide sources of work for the in-
habitants of the area which promotes the development of localities. It is also an economic 
benefit for the Country. Geothermal exploitation, being basic energy, is used as a substitute 
for thermal production and therefore means a great saving of money for the country. The 
current global crisis due to the price of hydrocarbons obliges countries to seek generation 
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alternatives using domestic resources, and in this case Costa Rica has great geothermal po-
tential that should be exploited.
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ABSTRACT 

The present text deals in a general way the way in which from the Master in Innova-
tive Processes in Learning (MPIA) that operates as a double degree by the Centro Uni-
versitario de Los Altos (CUALTOS) of the University of Guadalajara, in collaboration with 
the Institute of Sciences of Education of the Universitat Politècnica de Catalunya (UPC-
BarcelonaTECH), has tried to promote sustainability as a transversal skill that allows the 
institutionalization of this topic in the University System.

The MPIA trains active teachers who develop their educational practice in differ-
ent engineering or technological baccalaureates, among other educational centers; and 
the concern has arisen to propose a model to follow to institutionalize sustainability as 
a form of change and improvement of the educational context. In this sense, as a first 
point it is proposed that groups of volunteers can be generated to prepare themselves 
theoretically and practically with respect to how to pedagogically lead a sustainability 
project that in turn can be institutionalized [1].

From this group of volunteers will be generated the leaders that would make pos-
sible the execution of the model, once institutionalized. To comply with the above, it is 
necessary to use Information and Communication Technologies (ICT), since in addition 
to improving the productivity and efficiency of processes in organizations, they can also 
contribute to sustainable development by executing public plans and programs, driven 
by thinking minds that seek to establish clear guidelines that can be executed in the 
short, medium and long term [2].

To achieve success in the leadership of the institutionalization of the model, it will 
depend on the educational practices developed as part of the teacher training process, 
considering the 17 sustainable development objectives proposed by UNESCO [3].

Keywords:  Sustainability, Innovative Processes, Learning methodologies, Skills
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Proposal of the Sustainability Model 

In accordance with what was stated in the previous paragraphs, it is proposed that 
from the implementation of the skills established transversally in the learning units taught 
in the MPIA, it is possible to educate the students that will become pedagogical leaders 
within each one of its institutions, this through the operation of intervention and research 
projects that show results that support the importance of recognizing sustainability from a 
formative and legal framework, establishing its functioning in a formal way through institu-
tionalization.

Similarly, the MPIA promotes the behavior of a pedagogical leader from the perspec-
tive of sustainability, this with the aim of preparing it in a formative and ethical sense so that 
it becomes a person who can guide the educational community in order to improve their 
quality of life [4].

The following describes the skills that are distributed transversally in the learning units 
and that contribute to achieving the sustainability objectives:

Generic Skills

•	 To identify the elements that characterize the organization of a teaching center, re-
late the planning of teaching-learning with the results obtained and make proposals 
for improvement.

•	 To assess the complexity of social phenomena typical of the welfare society and 
be sensitive to social reality (plural, diverse and multicultural), to facilitate the in-
clusion of all students and convey an ethical commitment and the right to differ-
ence.

Specific Skills of the Basic Training Module

•	 To know the characteristics of the students, their social contexts and motivations
•	 To promote actions of emotional education, values, and civic education
•	 To participate in the definition of the educational project and in the general activi-

ties of the center according to criteria of quality improvement, attention to diver-
sity, prevention of learning problems and coexistence

•	 To relate education with the environment and understand the educational role of 
the family and the community, both in the acquisition of skills and learning and in 
education in respect of rights and freedoms, in equal rights and opportunities be-
tween men and women and in the equal treatment and non-discrimination of per-
sons with disabilities.

•	 To know the historical evolution of the family, its different types and the incidence 
of family context in education.

•	 To acquire social skills in relationship and family orientation.
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Specific Skills of the Specializing Module

•	 Specific Skills of the Specializing Module
•	 To know the formative and cultural value of the subjects corresponding to the spe-

cialization and the contents that are studied in the different educational levels.
•	 Transform curricula into activity and work programs.
•	 Know and apply innovative teaching proposals in the field of education in which he 

ventures.
•	 Know and apply methodologies and basic techniques of educational research and 

evaluation and be able to design and develop research, innovation and evaluation 
projects

•	 Project management

To achieve this, a sustainability model is proposed that allows institutionalization for 
the University System, firstly applying it directly to those who complete the master’s de-
gree with a series of skills that allow them to become the ones who promote the appli-
cability of this model, also relying on The following sustainability objectives established 
by UNESCO: 

Figure 1.  Sustainable Development Goals of UNESCO

	

Source.  UNESCO (https://es.unesco.org/sdgs.)

In this way, by adapting the skills of the Master’s Degree with the objectives described above, 
the sustainability model proposed below is constructed:
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Figure 2.  Sustainability Model self developed

	  MPIA Skills Sustainable Development 
Goals of UNESCO 

Pedagogical leaders promotion 

Institution commitment 

Research Projects implementation and development 

Results and impact measurement 

Conclusions 

With the implementation of a sustainability model and its institutionalization in the field of edu-
cation, one of the substantial tasks that a university must carry out, especially in the social dimension, 
is fulfilled, since through its teaching and research function the development is propitiated sustain-
able, incorporating in an integral way aspects that promote awareness and change actions for an ac-
tive participation of the academic community.

In such a way that the formation of pedagogical leaders in charge of producing and operating 
new ways of managing educational institutions is considered fundamental, by including changes in 
their personal skills, focused on ethics and social commitment.

Considering that implementing models such as the one proposed can eliminate risks that en-
danger the environment and exhaustion of existing resources, it is taken into account that MPIA en-
gineers are trained to teach and thus have double interference in society, on the one hand from their 
profession and on the other as pedagogical leaders. 
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Introduction 

The last 40 years’ linear take-make-consume-dispose economic model creates funda-
mental challenges [1]. In a circular model, waste and pollution are designed out, products 
and materials are kept in use and values sustained for as long as possible – lowering the 
stress on natural systems [2]. Designers will be asked to contribute to the transition towards 
Circular Economy (CE) on e.g. company and societal levels. To do so, they will need multi-
disciplinary competences combining technical, business, environmental and social knowl-
edge. The European KATCH_e project (Knowledge Alliance on Product-Service Devel-
opment towards Circular Economy and Sustainability in Higher Education) in http://www.
katche.eu/es/, develops training materials on CE, including both theoretical background 
materials and tools for practical implementation of CE solutions in organizations. KATCH_e 
aims at addressing the challenge of reinforcing skills and competences in the field of prod-
uct-service development for the Circular Economy and sustainability, with a particular focus 
on the construction and furniture sectors.

A previous analysis of the implementation of the CE showed that the interviewed stu-
dents, mostly industrial design engineering students, indicated that CE was not taught in a 

mailto:emulet@uji.es*
mailto:royo@uji.es
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specific way but was included horizontally within other disciplines related to environmental 
science and sustainability. Some indicated that they had not received any related training 
and all agreed that the received training was insufficient. The interviewed teachers shared 
this experience. CE was not present as a course in the curricula, but some related topics 
were included in other subjects such as eco-design, life cycle assessment or industrial ecol-
ogy [3]. This perception was similar to the results found by Whalen et al. [4] and Whicher 
et al. [5]. In general, teachers justified this with the low level of knowledge they had, being 
necessary to delve into it more deeply and introduce it in the curricula in a more systematic 
way. Therefore, the framework of systematic CE training was perceived as necessary. 

According to the analysis of needs and the interview results, a set of specific contents 
on CE has been proposed in KATCH_e (Figure 1). These materials (modules and tools) 
meant to be used in academic teachings, in-classroom context, as well as in companies. 
There are eight KATCH_e modules and seven tools. They address how to define new busi-
ness models, how to develop products and processes and the assessment and communica-
tion of the circularity. 

Figure 1.  Modules and tools developed in KATCH_e project [6]

Modules                                      Tools

 

Methodology

To secure that the elaborated materials are as useful and user-friendly as possible, they 
have been tested with students and professors of the four countries that are part of the 
Project: Portugal, Denmark, Austria and Spain. The testing phase comprises a large number 
of activities. This abstract shows some of the reflections for a better learning that have been 
reached after teaching part of the content. Next table summarizes the four teaching experi-
ences, one per country, from which this preliminary study is done (Table 1). 
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Table 1.  Summary of the teaching CE experiences to designers

What Teaching approach Hours Attendants Who and 
country

Module: Introduction 
to CE as part of Sus-
tainable Design

PBL [7]. The use of the 
materials takes place dur-
ing the student’s semes-
ter project

3 hours + 
2  hou r s 
follow-up

37 international Sustain-
able Design Master stu-
dents

3 profes-
sors Den-
mark

Module: Four radical 
innovation techniques 
for CE

Independent workshop 12 hours. 
A 3 hours 
s e s s i o n 
per tech-
nique

12 Design bachelor stu-
dents

4 profes-
sors Spain

Module: Indtroduc-
tion into CE

Module: Life cycle 
perspective

Tool: CE Designer

Tool: CE Strategiest

Full Lecture: mix of fron-
tal lecture and workshop 
like group works 

15h 28 Ecodesign Master stu-
dents 

2 profes-
sors

Austria

Product Design within 
Circular Economy

Optional curricular unit 42 hours 10 Master Design Stu-
dents + 10 Master stu-
dents with various back-
grounds

7 profes-
sors Portu-
gal

Explanation of activities in Denmark:

1.	 2 hours introduction to CE + 1 hour group based brainstorming on “The 10 Es-
sentials of CE” (Figure 2) and how they could be related to the student’s semester 
projects. First week of the semester. The purpose was to raise the students’ aware-
ness on CE and stimulate them to incorporate CE aspects in their semester projects. 
The projects are defined by the students and include problem analysis and problem 
solutions.

Figure 2.  The 10 essentials to guide the Circular Economy [8]
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2.	 2 hours follow up session two days later where student groups presented their ideas 
for semester projects, including which CE aspects they intended to focus on. Feed-
back was given from the professors and their fellow students.

3.	 During the next 4 months, students worked in groups on their semester projects. 
Some groups had CE as a specific focus point, while others chose to primarily work 
with other approaches to sustainability. 

For the radical innovation techniques tested in Spain a 12 hours workshop was done, 
divided in 4 sessions, one for each technique: rolestorming, scenario creation, circular brain-
storming and biomimicry. The teaching method applied was:

1.	 Brief introduction about the Circular Economy
2.	 An explanation of the method, showing method step by step application to a pre-

defined example. 
3.	 Students apply the method to a new example under supervision.
4.	 Students apply the method to a project under supervision. This project is used with 

the 4 methods, during the 4 sessions. 

In Austria, training materials and tool has been tested as part of the lecture: Product de-
sign within the master course Ecodesign at the applied university of Wieselburg.

1.	 An introduction on general environmental issues and on CE has been given (2h)
2.	 An interactive lecture about the life cycle perspective module (3h), asking the stu-

dents different questions and giving them small assignments, as comparison of 
EPDs of building materials, finding the differences, etc. 

3.	 Group work (10h): after this first insight, the students got their assignments, mean-
ing each group of student (2-4 Students) got a specific product (coffee machine, 
washing machine, blender, etc.) which they had to improve in terms of their circular-
ity and the their environmental impact.

•	 First, they calculate the Product Carbon Footprint (3h+1h Presentation). This cal-
culation resulted in the environmental profile of the product. With this result, they 
could indicate the environmental hotspots of the product and could already think 
of possible improvements. These results had to be presented. 

•	 Secondly, the students should think of improvements of their products in terms 
of its circularity (2h), using the circular design strategies within the developed 
tool CE Designer. As the students have calculated the environmental impact they 
knew where there was a high interest to use less resources, to use resources more 
intensively or for a longer time or to close the loop. In the end, they came up with 
a list of ideas for improvement.

•	 Thirdly, they had to think of a business model to exploit the improved circular 
product (3h+1h Presentation). If, for instance, they have developed a high qual-
ity modular product, business models are needed which support this modularity 
e.g. selling spare parts and provide repair service or services to secure product 
take back after use in order to get back the valuable components and to be able 
to reuse them. To support the students in this task they used the developed tool 
CE Strategist, following the given circular business model strategies to define a 
business model using the Business Model Canvas. In the end, the students had to 
present their full results. 
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Regarding the testing activities in Portugal, the University of Aveiro implemented a new 
multidisciplinary optional curricular unit, entitled: Product Design within Circular Economy. 
This curricular unit featured the contribution of teachers from various backgrounds and also 
tested, during one semester, contents of selected modules developed within the KATCH_e 
project. Teaching and learning methodologies where based on a balanced combination be-
tween audiovisual exposure, debates, discussion and critical grounding of project decisions, 
and project monitoring based on individual and practical group work. The exercise pro-
posed to the students was to design and develop a piece or set of furniture pieces in cork 
and another material. This intended to foster partnership and proximity with the company 
involved in KATCH_e and to promote sensitivity to the relations between product, market 
and technology through the practice of Design for CE.

The project was developed by multidisciplinary teams of students who incorporated 
their knowledge during the exercise and according to the extensive inputs given on Circu-
lar Economy throughout the 3-hour classes. Classes happened during one semester, once 
a week, with various teachers, following different approaches to CE, from Introduction, to 
Business models for the CE and Materials and Processes, including modules on Radical In-
novation and Challenges to product development according to CE.

Results 

This section describe the reflections made after the four teaching experiences concern-
ing presenting Circular Economy to Design Students. Concerning the Danish experiences, 
the good points observed was that many of the students found CE relevant and interesting 
to work on, and chose to incorporate elements of CE in their projects – and 2 of 9 groups 
even had CE as their primary focus. The specific, yet broad, KATCH_e definition of CE and 
the developed 10 Essentials of CE helped the students understand the challenging com-
plexity of the topic. The KATCH_e modules handed out to the students supported their fur-
ther analysis of e.g. how to redesign a product to become more circular, and what type of 
business model will go in line with the design. As a negative point, students struggled to be-
come concrete in their discussions of the 10 Essentials during the introduction lecture since 
they needed more knowledge. As an improvement idea, the 10 Essentials exercise could be 
repeated at the end of the semester thus showing the students what they have learned dur-
ing the semester. Another learning point is, that the professors giving feedback to the stu-
dents’ project proposals on the follow up session need quite some knowledge on CE and 
should be able to give examples on practical CE solutions. 

Concerning the Spanish experience, the good points observed during the teaching of 
the radical innovation techniques are that the applied sequence helps understanding the 
methods and finding new ideas. In addition, supplementary material (answer templates in 
circular brainstorming) are highly appreciated. As negative points observed, biomimicry is 
difficult to apply. In some cases, students have applied scenario creation in a different way 
than pretended. Improvement ideas for this content are to include supplementary material 
as optional resource as answer templates and step by step solved exercises. 

As the students in Austria already had some pre-knowledge in CE they found the Intro-
ductory section a bit boring. What they generally liked was the methodological approach in 
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using the environmental assessment as analysis instrument for the selection of the right de-
sign strategies but also as proof that the new circular design is better than the reference de-
sign. They also like very much to work with the guidelines of the CE Designer and the CE 
Strategist as this helped them deriving new product concepts and business models. Difficult 
for them was the business model canvas as this was completely new for them.

Concerning the Portuguese experience, students from various backgrounds, as Design, 
Engineering and Product Design, Economics, Civil Engineering, Environmental Engineering 
and Materials Engineering, revealed interest on the curricular unit. There was a very good 
response to the proposed exercises, revealing the student’s capacity to start with the analy-
sis and investigation of the CE principles and existing products in the market, forwarding to 
the deconstruction of the problem or opportunity to the communication of the solution. De-
sign students revealed capacity to reflect CE principles on their products proposals and re-
lated to the other students in order to create robust furniture projects based also on services 
and concepts such as renting, sharing and customer relations. Negatives points emerged 
from students having different previous knowledge on CE and having to create common 
ground between all of them. Student’s evaluation of the curricular unit mentioned they 
missed more practical and hands-on cases, and also not giving too much theoretical content 
at a time. Making the content more related to the subject of the project proposal was also 
mentioned.

Conclusions 

Circular Economy is a very complex topic for students to learn and for teachers to 
teach. Elements of CE can be included in existing courses, or as additional initiatives, and 
such initiatives may raise awareness on CE but cannot guarantee deep learning. Therefore, 
training activities over a longer period of time should be considered for the students. Teach-
ers will also need additional training to be able to support their students. In the KATCH_e 
project, we have engaged in developing a MOOC (Massive Online Open Course) that may 
support life long learning among teachers and professionals outside academia. 

These experiences demonstrated the huge task to help students learn such a complex 
issue as Circular Economy. The experiences in which the general concepts, this is, the circu-
lar approaches, the loops and the 10 essentials are explained, created motivation and un-
derstanding of the urge to change from a linear to a circular thinking, but did not develop 
specific skills and competences themselves. Teaching specific techniques with particular ex-
amples and practices helped students to develop specific skills. We suggest to build on both 
approaches, a broad and theoretical approach and application of specific techniques. More 
experiences are needed to achieve effective CE teaching in the classroom. Till today, the 
concept of Circular Economy is still new. We will continue reflecting on the upcoming teach-
ing experiences. Training materials are available at http://www.katche.eu/circular-economy/
training-materials/, together with relevant references, stakeholders and a knowledge hub for 
sharing relevant information, news and experiences.

http://www.katche.eu/circular-economy/training-materials/
http://www.katche.eu/circular-economy/training-materials/
https://www.linkedin.com/groups/8597178/
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Teaching at University is always a difficult task because it implies too much theoreti-
cal lessons while students ask for practical knowledge and Enterprises claim for good junior 
professionals. Finding an equilibrium among all the interests is challenging but at the same 
time, it is the key of success. This work shows the experience of teaching in collaboration 
with companies to achieve a more practical and attractive approach to day-to-day Engineer-
ing work while meeting teaching objectives. It is a win-win relationship since it motivates 
students because they see the direct relationship between their studies and the future job; 
it also helps teachers to know the knowledge required by engineering companies and, be-
sides, enterprises will have future engineers better trained, already familiar with process and 
tools. Furthermore, it also increases the collaborations between University and enterprises, 
which is key to innovate and develop new business models.

Introduction

Human capital is the most important asset of a company, because it is what really con-
tributes to the progress of the company, to the development of innovation and productivity 
within the company. To this end, the degree of training of new workers must be adequate 
for the performance of the task entrusted to them. Training future engineers is a complex 
task because of the difficult to find an equilibrium between theoretical and practical teach-
ing. Focusing on technical bachelors, it is quite challenging due to different aspects. On the 
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one hand, students need to learn basic (theoretical) concepts and, on the other hand, they 
also require more practical learning. In most of the cases, students do not find the relation-
ship between what they learn at the University and their future job.

For instance, in Spain, the new study programs of Engineering Degree are organized 
into three large blocks: 

a)	 Basic subjects common to the different Engineering branches: Mathematics, Phys-
ics, Chemistry, Graphic Expression, Computer Science and Business.

b)	 Subjects of a common nature in the industrial branch: Energy Engineering and Heat 
Transfer, Fluid Mechanical Engineering, Materials Engineering, Electrical Technol-
ogy, Industrial Electronics, Industrial Automation, Machine and Mechanism Theory, 
Material Resistance, Structures, Manufacturing Processes, Projects.

c)	 Subjects of a specific nature for each branch of engineering.

The aim of this division is to satisfy the competences required by the current educa-
tional system, but it does not answer to descriptors as it happened before. In spite of the 
fact that these study programs have already been active for more than 5 years, it is still a 
problem for teachers, and it is very difficult to go deeper into many aspects and trust in the 
autonomous work of the student. This is also a great difficulty for students who, on many oc-
casions, do not find a direct relationship between what they learn and the future job, consid-
ering their formation very theoretical and/or far from the true work of an engineer.

Faced with this situation, teachers attempt to use new learning methodologies to adapt 
themselves to the study programme, while at the same time trying to satisfy students’ con-
cerns. It means to prepare students for their professional future, whether they want to de-
velop their career in business or in research. 

On the other hand, companies receive the engineering graduate, who contributes with 
his newly acquired theoretical knowledge. It is the companies that must update this knowl-
edge and adapt it to the needs as well as teaches them the necessary tools to complete the 
training for a fully-integration in the competitive labour market. Companies usually assume 
this training period during the first employment contracts, which usually last a few months 
and have low economic remuneration, with the intention of improving working conditions as 
the graduates complete this training period and increase their productive value for the com-
panies. This implies a large economic investment on the part of the company. For that rea-
son, the possibilities of practices of companies, suppose a help for the companies since they 
do not have to invest a lot of resources in the formation. University-Company interaction is 
a win-win relationship since, on the one hand, it helps students to motivate them and see 
the relationship between what they study and the final work they are going to do in the fu-
ture, it gives them visibility on the possibilities to channel their future, on the other hand, it 
helps the company so that the new incorporations have already had an approach to a work 
process and to the tools they have to use, minimizing the training time in the company and, 
therefore, increasing its productivity.

This work presents the experience of teaching in collaboration with companies to 
achieve a more practical approach to teaching that is attractive to students while meeting 
teaching objectives. This initiative is being carried out at the Escuela Politécnica Superior 
de Sevilla (EPS) [1] of the Universidad de Sevilla (US), given its vocation to train engineers 
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through study, teaching and research, with undergraduate, master’s and doctoral training 
projects, committed to the comprehensive training of people in collaboration with Escola 
Superior d’Enginyeries Industrial, Aeroespacial i Audiovisual de Terrassa (ESEIAAT) [2] of the 
Universitat Politècnica de Catalunya (UPC). 

Results and Discussion

Under this situation, this need for specific training of graduates and aware of the limitations 
that are found in the current study programs, EPS-US is performing different actions to try to 
satisfy the requirements of the students and the enterprises for the integration of graduates in 
the workplace. Furthermore, the present working environment does not only require technical 
knowledge, but also professionals with good personal skills are sought to develop their skills 
such as responsibility, leadership, teamwork, etc. Starting from this premise, the company sets 
itself the aim of developing these skills while, at the same time, making it necessary to acquire 
specific technical training, directly related to new technological advances, as well as analysis 
tools, which are developed thanks to the technical base acquired in university training.

The collaboration among EPS and companies is not limited to the traditional internship 
[3], but rather outsourcing activities are encouraged with a less individual approach than the 
practices. About these activities, it is worth highlighting: 

a)	 Collaboration through productive activities, such as agreements in research and de-
velopment and innovation activities, promoted by regional institutions for research-
ing.

b)	 Creation of forums for interaction between university and business, involving busi-
ness within university spaces both in teaching and in visibility activities (forums, con-
gresses, conferences).

Among the activities planned by the EPS-US concerning graduates with a business profile, 
during the last two years the Business Internship Days have been held in this center to encourage 
collaboration. In this activity, different engineering companies present their business with a 
very participative environment where students have the possibility to ask questions, doubts. 
Besides, these talks, the companies have stands for a closer and more direct contact to the 
students. In this way, the real daily of engineering is known as the same time that students can 
meet different companies, areas, being able to orientate their training towards those sectors 
or companies that are most interesting for them. Furthermore, a considerable number of the 
speakers participating in these days have been former students of the EPS, who either in their 
stage of students were motivated to this encounter with companies or missed it and wanted 
to contribute to meeting these needs. In both cases, the participation in these tasks is very 
positive and enriching, both from the point of view of the companies and from the point of 
view of attracting students who can join their staff in the immediate future. 

In addition, some companies also hold specific seminars throughout the course to 
showcase their work and the role of future engineers in these enterprises. These seminars 
also allow them to get closer to the reality of their future jobs, emphasizing the multidisci-
plinary training and collaboration with different areas, as it has been shown with the parti-
cipation of different departments of the same company. This is, therefore, a process that 
enriches itself over time and makes it increasingly interesting for students, companies and 
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the university itself, as professors are aware of the real usefulness of the teaching program 
they teach. 

This relationship University-Enterprise is not only a way to contribute to a more practical 
training of future engineers, but it also promotes researching in companies. This approach 
to the School of Engineers, to the University, allows them to get in touch to research topics 
and to establish collaborations. It is very positive for those students with a more scientific 
profile, since they can know the true meaning of Research & Development in Engineering 
companies. However, despite this increase of collaborations in terms of researching, there is 
still a huge lack of PhDs working in companies. In this sense, initiatives such as the Industrial 
PhD, a university training program that combines the profile of researcher and engineer, in 
which the bulk of the research is carried out in a company. It can be considered as a proper 
transfer of knowledge, presenting a double advantage, since it increases the connection of 
the University with the production and encourages to researchers to change their focus of 
research to adapt to a complex problem of the company and obtain resources [4]. In this way, 
the PhD student achieves the best of the academy and company: publications, doctorate 
degree and, at the same time, knowledge at the most cutting-edge in the professional world 
of the sector and the dynamic of a real engineering company. It must be improved mechanisms 
for transferring knowledge to business environments, to benefit from the leading position of 
the research model and innovation training system. Industrial PhD is not only an opportunity 
for graduates but also for Engineers, who are already working on a company and, thanks to 
this close relationship University-Company has decided to become PhD, taking profit from 
their knowledge acquired in their work as engineers.

Conclusions

In summary, the University-Enterprises training collaboration allows students to get closer 
to the reality of work and the exercise of their profession as future engineers, highlighting the 
multidisciplinary training and collaboration with different areas. It is a win-win relationship, 
since it motivates students and they see the direct connection between the studies and the 
final work they are going to carry out and, furthermore, it helps the company so that the new 
incorporations have already had an approach to the required work process and tools, making 
the new engineer productive in a very short period of time, which translates into profits for 
the company. Besides, it is also a great contribution to research and knowledge transfer since 
it helps companies to know and understand how University works and how to contribute to 
progress, integrating research into the day-to-day work of the business world.
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We, at OPAIC, believe that postgraduate studies play a significant role in shaping the 
quality of education leadership in contemporary world. OPAIC fundamentally plans its prac-
tices based on a rather concrete network of global and contextualized values and principles, 
but at the same time has an agile approach to education in 21st century. This reflective work 
discusses the philosophy central to OPAIC approach to its methods of work particularly with 
regards to postgraduate students in the field of management and leadership. This philo-
sophical approach has contributed greatly to the advancement of our sustainability plans 
and teaching standards. We managed to accumulate features suggested by our students, 
which ended up becoming a backlog of features that our internal education system needed 
to contain. This backlog has been pushing us to facilitate the acquisition of knowledge not 
via “teaching” leadership to students through courses, but through involving students in de-
veloping and planning academic outputs.

This reflective work uniquely contextualizes the concept of novice researchers into the 
interaction between academic staff and their new international postgraduate students and 
its effect on their identity development as inspired individuals who wish to enter the com-
munity of practice in the field of management and leadership. Here, firstly non-deceptive 
plagiarism will be revisited to shed light on prospective students’ source-use abilities and 
discuss the academic integrity expectations at Anglo-western educational institutions. Then, 
a reflection on how source use and the issues surrounding language appropriation are com-
municated to students and whether and to what extent students benefited from the in-
formation. This reflective work is an argument that justifies the importance of compulsory 
academic literacy workshops prior to entering tertiary programmes for addressing the iden-
tity building needs of international students to be able to take on new socially-constructed 
roles.
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An important aspect of getting oriented into a program is communicating the rules gov-
erning conduct in academia in general and OPAIC in particular. It is the responsibility of the 
heads of departments to unpack the whole concept of ‘the ownership of idea’ from an ethi-
cal and integrity perspective for new students in an orientation week introductory workshop. 
It is particularly important for students to hear rules, principles, procedures of dealing with 
plagiarism cases, and the government’s perspectives from managers. For instance, associat-
ing immorality of plagiarism (and all its forms such as buying assignments and receiving un-
authorized assistance) with managerial power transmits a strong message about integrity of 
academic practice and school expectations to students. Ultimately, the purpose of such spe-
cific communication is making it clear for students that we, as the gatekeepers of the world 
of science, look at our students beyond what they produce and submit; and therefore, our 
responses to flawed aspects of assignment production is firm and policy oriented. 

But like a coin, our practice has two sides. On one side, it is engraved that integrity is 
the soul of our practices, on the other side we see our motto: “I’m capable”. We’d like our 
students to showcase the acquisition of learning outcomes through successful performance. 
To this aim, we had to move from superficial concerns such as preventing ‘poor paraphras-
ing’, ‘APA noncompliance’, ‘unfocused texts’ to scaffolding the process of learning how to 
construct solid arguments and display informed judgements. So, if we want to illustrate the 
point of difference between OPAIC and many other institutions, it would suffice to say that 
while ‘the instructions about plagiarism’ that other places are offering is in the form of warn-
ings and a section in Student Handbooks, we have designed orientation workshops and 
keep modifying them based on students’ needs and suggestions as well as our own expe-
riences to put what we do outside the framework of common practices. While others are 
guiding their students to produce plagiarism-free assignments, we are supporting students 
by crafted workshops to develop critical and analytical minds, believing that ‘thinking’ leads 
to ‘discovery’ and ‘awareness’.   

The overarching purpose of the orientation workshops is to walk our new PG students 
through the linguistic phenomenon that is embedded in all the activities that they are required 
to do. A great deal of activities that students and facilitators do in orientation workshops are 
not around the act of language use and writing using sources. The idea that there is a trajec-
tory in academic writing skill development is fact-based and the suffering and the blood and 
tears are real; nonetheless, a 16 hour orientation workshop does not have that superpower to 
make new international postgraduate students acquire the skill set that native speakers usu-
ally gain all the way through school, high school, and their undergrad. Luckily, there is always 
better ways outside the box of norm, in our case it is embracing our students as contribut-
ing stakeholders. In the following paragraphs, three students reflected on their experiences of 
starting their postgraduate studies at OPAIC and getting involved in designing workshops.  

“I started my Postgraduate studies in NZ, in October 2018. Looking back at the orien-
tation and assessment workshop, I can see a ‘journey’ that I was taken on and was asked to 
lead. Wining postgraduate excellence award a couple of weeks ago for my performance 
last block as well as the confidence that I have right now in finding materials, expanding my 
knowledge about my areas of interest independently means nothing but I have managed to 
develop an integrated identity by articulating what would help me in the process of learning 
and development. The identity that I brought with myself from my home country as an en-
trepreneur, the identity that I developed as an independent student and learner at OPAIC, 
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the identity that I developed as an international student who has a word and can criticize or 
fairly praise the system, and an identity as an academic who can critically evaluate and ana-
lyze information. For me, being able to describe the standards for academic writing and as-
signments is simple; what I have learned from the workshops that I attended is developing 
an authentic voice for myself that I can talk about it and justify it.” – Artem Voynov

“I started my studies at OPAIC in January 2019 and attended all Academic Literacy 
workshops and Research and Enquiry classes. What I asked my lecturer to discuss in the 
class and to facilitate our learning about was understanding how to construct academic ar-
guments. What I learned so far is that arguments are made of language. In other words, ar-
guments are made of a series of statements. Most of the time, the function of the sentences 
in an argument is creating an opinion. There are so many strings of sentences out there, in 
magazines, newspapers, books, novels, dictionaries, etc. But, these strings of sentences are 
not constructing arguments. The reason is: What we see every day as texts are not necessar-
ily aiming at establishing opinions. I also learned that: Arguments are NOT always aiming at 
establishing opinions! Because, there are times when the opinion itself is something that we 
have already accepted as truth! So, the argument is not establishing that opinion! It is show-
ing why that opinion is true. For instance, think about an argument about “why yoghurt is 
white!”. We already know plain yoghurt is white! The argument is expected to present rea-
sons why this opinion is true. An argument is made of some sentences, some of these sen-
tences are reasons and some presenting the main opinion. The reasons should prove the 
opinion or prove why the opinion is true.” – Abigail Andres

“I started my studies at OPAIC in January 2019 and attended Academic Literacy work-
shops and Research and Enquiry classes regularly. My initial concern was dealing with mas-
sive amount of new information and readings. I found reading excruciating, and my main 
reason was, not having any reading goals. I have shared my frustrations in meetings with 
my lecturer and expressed what I needed to learn. Consequently, we got engaged in ac-
tivities through which I learned that a “literature review” is a distinctive form of research. 
I learned that a literature review is rigorous and not easy at all to write. Writing a literature 
review requires a great deal of research skills and without having insights we cannot really 
go further than summarizing relevant information and writing and organized piece of text. I 
also learned that a literature review is embedded in all the assignments that I’m doing and 
will do in the future and it is the most appropriate means of addressing issues and verifying 
opinions. I also realized that finding a research problem is the very first step in conducting 
many types of research. The second step is then searching and retrieving relevant literature, 
evaluate, synthesize, and analyze them to create new understandings.” – An Do

As probably obvious from our students’ reflections, the way that we particularly chose 
to orient new PG students is bending, offering students our back to take a leap on to the 
shoulders of giants. We believe superficial irrelevant language activities take our students 
just to the doorstep of producing texts free of plagiarism and in academic style. But facilitat-
ing evaluation, analysis, reasoning not only involves them in language activities, but brings 
clarity, relevance, and logic to their works. We hope this reflective work contributes to the 
development of a unique āwhina culture within academia by aligning academic practices to 
the Maori value of whanaungatanga and emphasizing on building and maintaining strong 
relationships between academic staff and students.
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The Sustainable Development Goals (SDGs), are a universal call for action to end 
poverty, protect the planet and ensure that all people enjoy peace and prosperity.

Universities, as agents of society, must generate and transfer knowledge according 
to the objectives of the 2030 Agenda for Sustainable Development.

In this article, an example of good practices to work towards the SDGs, in particular 
of number 7: Affordable and clean energy in the university is presented.

Introduction

The General Assembly of the United Nations adopted in September 2015 the 2030 
Agenda for Sustainable Development. This Agenda is a call for action by all countries – 
poor, rich and middle-income – to promote prosperity while protecting the planet. The 
member states of the United Nations adopted a resolution in which they recognize that the 
greatest challenge in the world today is the eradication of poverty and they affirm that with-
out achieving it there cannot be sustainable development. They recognize that ending pov-
erty must go hand-in-hand with strategies that build economic growth and address a range 
of social needs including education, health, social protection, and job opportunities, while 
tackling climate change and environmental protection.

mailto:Deustoolatz.ukar@deusto.es*
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The 2030 Agenda for Sustainable Development proposes 17 Sustainable Development 
Goals with 169 integrated and indivisible goals that cover the economic, social and environ-
mental spheres.

The 2030 Agenda represents a great opportunity for the change demanded by the en-
tire Society. Universities should be the key space to generate this transformation process. 
Since the approval of the Sustainable Development Goals (SDGs) by the United Nations 
in September 2015, Spanish universities have assumed an active role in fulfilling the 2030 
Agenda and have incorporated the principles and values of Sustainable Development into 
their objectives, policies and university activities.

The University, as an agent of society, must generate and transfer the knowledge 
and innovation necessary to respond to the complex challenges of Sustainable Devel-
opment. That is why in the Energy Generation and Transmission subject of the master’s 
in industrial engineering it has been decided that in addition to the competences estab-
lished by the legislation, work the SDGs and the particular the 7th which is the one that 
is most aligned with the subject. In this paper how this connection has been made is ex-
plained.

Methodology

Brief description of the subject

The ‘Energy Generation and Transmission’ subject is a 9ECTS subject of the first year of 
Master’s in industrial engineering. The Master’s in Industrial Engineering is an official mas-
ter’s degree that qualifies students to practice as Industrial Engineers.

The teaching-learning model in this master is based is the Deusto Education Model. 
This teaching model promotes meaningful self-directed learning, fostering students’ all-
round development (personal, social, ethical, academic and professional dimensions). The 
teaching methodology is focused on developing the practical aspects of Industrial Engineer-
ing using leading-edge techniques.

The 23 specific competences of the Master’s in Industrial Engineering are established 
by the current legislation CIN/311/2009. The two specific competences developed in ‘En-
ergy Generation and Transmission’ subject are:

•	 Knowledge and capacity for the analysis and design of electricity generation, trans-
port and distribution systems.

•	 Knowledge and skills that allow understanding, analyze, exploit and manage the dif-
ferent sources of energy.

According to these two skills and related to the 7th SDG a project based learning ac-
tivity has been proposed in this subject with the NGO Engineering for Cooperation-ICLI 
(“Ingeniería para la Cooperación - Lankidetzarako Ingeniaritza”). Engineering for Coop-
eration

ICLI NGO is a non-profit association, which integrates Engineers and Industrial En-
gineers and any other person who wishes to collaborate in tasks of cooperation and de-
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velopment assistance. It aims to promote actions that help developing disadvantaged ar-
eas, trying - at the same time - to channel and promote the concerns that this line has the 
Industrial Engineering collective and society in general, as well as to involve other social 
agents in this homework.

Proposed activity

The challenge that students have to face is to develop a project aimed at improving the 
life of a community located in a Developing Country.

For this, in a first session where the general conditions of development of a specific 
case are presented and the problem to be solved will be exposed.

The group of students is divided into 2 groups. Each of the groups will have to solve 
a single project. This project consists in “improving the life of an agricultural community 
through the maximization of tomato production”, which requires at least 3 technical devel-
opments that must be coordinated among themselves to achieve a viable and sustainable 
solution. For this they must respond to the following requirements.

On the one hand it is necessary to achieve energy generation (solar and / or wind), to il-
luminate the workspace, during the hours when there is no natural light.

On the other hand, they must respond to the demand for energy to maximize the pro-
duction of tomatoes, where they must choose to automate a ventilation system, which can 
be natural or forced and / or cool the greenhouse where the tomatoes are harvested. And fi-
nally, they must also heat the shower water for the hygiene of the 4 people who work in the 
production of tomatoes.

For all this they have a maximum budget of $ 25,000

Students must prepare a report of the project and make a presentation in court. The 
court, composed of members of the NGO and the teacher of the subject will ask the group 
questions, to determine the degree of compliance with the objectives. Viability and eco-
nomic sustainability will be assessed, as well as the technical solution adopted.

Conclusions

All of us must become agents of change by acquiring knowledge, skills, values and atti-
tudes that empower them to contribute to sustainable development, to achieve a more sus-
tainable world and to fulfill all the goals set out in the SDGs.

Thus, to achieve this type of development, learning processes are crucial. The Uni-
versity understood as a key agent in the process of transformation towards sustainabil-
ity. The inclusion in the university curriculum of the promotion of sustainable develop-
ment and implementing active methodologies in the classroom, aims to train students in 
transversal competences. In this way, the SDGs can be achieved and ensure that all stu-
dents acquire the knowledge, both theoretical and practical, necessary to promote sus-
tainable development.
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Introduction

During the last decade, there has been an increase in sustainable development (SD) in-
tegration into Higher Education Institutions (HEIs) (Boks & Diehl, 2006; Wemmenhove & de 
Groot, 2001), where European HEIs have been leaders in this process (Disterheft, Ferreira da 
Silva Caeiro, Ramos, & de Miranda Azeiteiro, 2012; Karatzoglou, 2013). Integrating SD into 
curricula has been recognised to be instrumental in providing students with the skills and in-
sights to help societies become more sustainable (R. Lozano, 2010) and provide companies 
with graduates who are sustainability literate (as highlighted by the WBCSD, 2010). 

Several tools have been developed, or modified, to assess SD in universities. One 
of the few tools focusing specifically on curricula is the “Sustainability Tool for Assess-
ing UNiversities’ Curricula Holistically” (STAUNCH®). Curricula assessment can provide an 
overview on how courses and programmes incorporate SD (Lozano, 2010; Lozano & Peat-
tie, 2011; Stough, Ceulemans, Lambrechts, & Cappuyns, 2018). STAUNCH® was devel-
oped with the aim of assessing holistically and systematically how a university’s curricula 
contributes to SD (i.e. the SD issues’ coverage, depth and breadth) (R. Lozano, 2010; R. 
Lozano & Peattie, 2011). STAUNCH® is based on two combined equilibria: firstly, cross-
cutting theme issues (such as Holistic thinking, and SD statement, see Table 1), which inte-
grate economic, environmental, and social dimensions; and secondly, the SD contribution, 
which is calculated using formulae that look for the balance among the four dimensions, 
taking into consideration their strengths. These are assessed using the following levels: 
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0, when an issue is not mentioned; 1, the issue is mentioned but there is no further expla-
nation given on how it is addressed; 2, the issue is mentioned and there is a brief descrip-
tion of how it is addressed; and 3, there is a comprehensive and extensive explanation on 
how the issue is addressed. 

Table 1.  STAUNCH® curricula contribution to sustainable development assessment criteria

Economic Environmental Social

•	 GNP, Productivity
•	 Resource use, exhaustion 

(materials, energy, water)
•	 Finances and SD
•	 Production, consumption 

patterns
•	 Developmental economics

•	 Policy/Administration
•	 Products and services (inc. 

transport)
•	 Pollution/Accumulation of 

toxic waste/Effluents
•	 Biodiversity
•	 Resource efficiency and eco-

efficiency
•	 Global warming, Emissions, 

Acid rain, Climate change
•	 Resources (depletion, con-

servation) (materials, energy, 
water)

•	 Desertification, deforestation, 
land use

•	 Ozone depletion
•	 Alternatives

•	 Demography, Population
•	 Employment, Unemployment
•	 Poverty
•	 Bribery, corruption
•	 Equity, Justice
•	 Health
•	 Social cohesion
•	 Education
•	 Diversity
•	 Cultural diversity (own and oth-

ers)
•	 Labour, Human rights

Cross-cutting themes

•	 People as part of nature/Limits to growth
•	 Systems thinking/application
•	 Responsibility
•	 Governance
•	 Holistic thinking
•	 Long term thinking
•	 Communication/Reporting
•	 SD statement
•	 Disciplinarity
•	 Ethics/Philosophy

Source:  (R. Lozano, 2010; R. Lozano & Peattie, 2011) 

This paper assesses the SD incorporation into European HEIs’ curricula. The paper is 
structured in the following way: Section 2 presents the methods used; Section 3 focusses on 
the results and Section 4 presents the discussion and conclusions. 

Methods

A survey was developed to investigate teaching SD competences in European Higher 
Education Institutions. The survey consisted of six sections:
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1.	 Background questions about the respondent’s HEIs, the respondent characteristic, 
and her/his teaching (in general and SD);

2.	 Self-assessment of SD criteria taught, based on the STAUNCH® criteria, and on a 
four scale (not covered, mentioned, described, and discussed);

3.	 Pedagogical approaches used, on a five scale (never, seldom, from time to time, of-
ten, and all the time);

4.	 Competences covered in the course, on a five scale (not at all, mentioned, dis-
cussed, complementary to the course, and integral to the course); 

5.	 Types of learning, on a five scale (never, seldom, from time to time, often, and all 
the time); and

6.	 Open ended questions about the incorporation of SD in courses.

This paper focuses on sections 1 and 2. The survey was applied using the online sur-
vey tool SurveyMonkey (2019). The survey was open for three months from September 
to December 2018. The survey was sent to a database of 4,099 contacts in Europe ob-
tained from conference participation, articles published on SD in leading HESD journals, 
and personal contacts. In addition, 44 anonymous links were sent out through Linke-
din®. Three reminders were sent out. From the total list of emails, 164 emails bounced 
back, 1,962 open the email invitation (48.9%), and 1,822 did not open it (45.4%). From 
these, 392 total responses were obtained (9.85%) for the self-assessment of SD part. 
The responses were analysed using descriptive statistics, t-test, and ANOVA (see Jupp, 
2006). These were done with IBM SPSS 25 (IBM, 2016). All tests were done at p<0.05, 
unless specified in brackets.

Results

From the 392 responses, 220 were male, 165 female, and 7 preferred not to say. 97 re-
spondents had been teaching for more than 20 years, 123 between 10 and 20 years, 90 be-
tween 5 and 10, 71 between one and 5, 7 less than a year, and 4 did not answer the ques-
tion. 362 respondents indicated that they teach SD in their courses, 27 do not teach it, and 
3 did not respond; 146 in Masters, 134 taught only in Bachelors level, 81 in Bachelors and 
Master levels; 24 in PhD or PhD combined with Bachelors and/or Master; and 7 did not an-
swer. 

The contribution to SD was on average 5.84, a standard deviation of 7.24, a maximum 
of 69.89, and a minimum of 0.67. The average strength was 1.88 with a standard deviation 
of 0.41. The results highlighted that the social dimension was the least addressed with 18%, 
while the other dimensions (economic, environmental, and cross-cutting) were addressed al-
most equally at between 27% and 28%. 

Differences in means

This section presents the differences in means (using t-tests and ANOVA) of gender, 
education level, and countries. The tests did not show any statistically significant differences 
in the type of HEIs.
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a. M eans differences in gender

A t-test was carried out between female and male respondents to test the differences 
in means. There were no significant differences in the contribution, economic dimension, 
or environmental dimension. There were differences in the social dimension and cross-cut-
ting themes, where the means for female respondents (10.324 and 15.622) were higher than 
that of males (8.814 and 14.032), respectively. The differences in the indicator showed that 
women had a higher mean in, with the difference in brackets: 

•	 Cross-cutting themes: Holistic thinking (0.332); People as part of nature/Limits to 
growth (0.330); Responsibility (0.271); Communication/reporting (0.264); and Sustain-
able development statement (0.206);

•	 Social dimension: Cultural diversity (own and others) (0.270); Poverty (0.265); Health 
(0.221); Employment/unemployment (0.212); and

•	 Environmental dimension: Biodiversity (0.233) and desertification, deforestation, and 
land use (0.202).

b. M eans differences in Education level

An ANOVA was done to test the mean differences between four groups: 1) Bachelors; 
2) Masters; 3) Bachelors and Masters; and 4) PhD or PhD combined with Bachelors and/or 
Masters. 

There were statistical differences according to the level where the courses were being 
taught. Bachelors had a lower mean than Masters, and Bachelors and Masters in: Social (with 
p=0.018 and p=0.092 respectively); Cross-cutting themes; Resource use, exhaustion (materi-
als, energy, water); Policy/Administration; Products and services (inc. transport); Biodiversity; 
Systems thinking/application; Governance; and Holistic thinking.

Bachelors had a lower mean than Bachelors and Masters and PhD or PhD combined 
with bachelors and/or masters in: Desertification, deforestation, land use. Bachelors had a 
lower mean than bachelors and masters in: Economic; Poverty (with p=0.072); Equity, Jus-
tice; People as part of nature/Limits to growth (with p=0.060); and Sustainable development 
statement. Bachelors had a lower mean than Masters in Diversity (with p=0.056); Communi-
cation/Reporting; and than PhD or PhD combined with bachelors and/or masters in Bribery, 
corruption (with p=0.073). Bachelors and masters had a lower mean than masters in discipli-
narity (with p=0.087).

c. M eans differences in countries 

The respondent were from Italy (19.79%), Spain (14.91%), Sweden (10.54%), Nether-
lands (5.66%), United Kingdom (5.40%), Finland (4.63%), Portugal (4.63%), Germany (3.60%), 
Austria (2.83%), Poland (2.83%), Denmark (2.57%), Turkey (2.57%), France (2.31%), Czech 
Republic (2.06%), Greece (2.06%), Serbia (2.06%), Switzerland (1.54%), Belgium (1.29%), 
Lithuania (1.29%), Norway (1.29%), Ireland (0.77%), Slovenia (0.77%), Croatia (0.51%), Hun-
gary (0.51%), Iceland (0.51%), Romania (0.51%), Albania (0.26%), Cyprus (0.26%), Malta 
(0.26%), Slovakia (0.26%), and no answer (1.54%). 
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The differences between five countries were analysed, since there were enough data 
points to compare them: Italy (19.79% of all the respondents); Spain (14.91%); Sweden 
(10.54%); Netherlands (5.66%); and United Kingdom (5.40%). The contribution level showed 
that the mean was higher in the Netherlands (8.624), followed by Sweden (8.512), United 
Kingdom (5.855), Spain (4.440), and Italy (3.476). The SD strength differences were: Sweden 
(2.083), United Kingdom (1.919), the Netherlands (1.980), Spain (1.691), and Italy (1.724).

For the SD dimensions the differences were:

•	 Economic: Sweden (16.727), United Kingdom (16.029), the Netherlands (15.873), Italy 
(12.904), and Spain (12.072);

•	 Environmental: Sweden (17.473), United Kingdom (15.514), the Netherlands (14.891), 
Italy (11.373), and Spain (10.583);

•	 Social: Sweden (13.171), the Netherlands (10.860), United Kingdom (10.597), Spain 
(7.914), and Italy (6.110); and

•	 Cross-cutting themes: Sweden (19.383), the Netherlands (18.123), United Kingdom 
(16.113), Spain (11.079), and Italy (10.484).

Discussion and conclusions

This research highlights a number of phenomena happening in European HEIs’ courses 
where SD is taught. Firstly, the analyses showed that teaching in European courses cov-
ers many issues of sustainability in a fairly good balance, with the exception of social issues, 
which although they are important and correlated to the other dimensions, they are the least 
addressed (18% against around 27% of the other dimensions).

Secondly, females tend to more teach SD in a more balanced way than men, which may 
be linked to their higher awareness and interest in SD (see Haartman, Sammalisto, Lozano, 
& Blomqvist, 2017; Zelezny, Chua, & Aldrich, 2000). 

Thirdly, the HEIs types does not really have any influence on how SD is being taught, 
but the education level has. In general, Bachelors courses tend to contribute less to SD, fol-
lowed by Masters and then by teaching in combination of levels.

Fourthly, some countries, in the case of this research Italy and Spain, may show more in-
terest (with a combined response rate of around 35% of the sample), yet their means tended 
to be lower than those others, in this research Sweden, United Kingdom, and the Nether-
lands (which were around 20% of the respondents). This may indicate that there is a will to 
advance in SD teaching.

The paper presents one of the first analyses of SD teaching in European HEIs. The 
research shows that SD has to be addressed holistically. SD educators should share their 
experiences teaching it, so it can delivered it more efficiently to their students. This 
should be done across disciplines, gender, education levels, and countries, in order to 
provide students with the skills and insights to help societies become more sustainable. 
SD teaching has increased in the last two decades. Curricula assessment showcases how 
SD is being incorporated into courses and programmes, and lead to more literate stu-
dents who are better prepared for the sustainability job market and in making societies 
more sustainable.
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Further research should be carried out in whole institutions, where preferably all educa-
tors assess their contribution to SD, whether they teach it or not.
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Introduction

EHU-Aztarna is a project performed by a transdisciplinary team of professors, re-
searchers, administration and service staff and students of the University of the Basque 
Country (UPV/EHU). It aims to calculate the Organisational Environmental Footprint 
(OEF) of the UPV/EHU in order to monitor and communicate to the university commu-
nity our performance. EHU-Aztarna is one of the projects of Campus Bizia Lab, a pro-
gram arising from the Erasmus Project University Education for Sustainable Development 
(US4SD) for addressing the sustainability challenges at our university’s three campuses 
by means of a cross-cutting approach involving students, administrative and academic 
staff [1].

OEF is a multi-criteria measure of the environmental performance of an organisation 
performed with a life cycle perspective (Organisational Life-Cycle Assessment, O-LCA). 
The benefits of the evaluation of our university’s environmental footprint include the de-
termination and quantification of the main impacts, the comparison of these impacts with 
the ones of other universities as well as the identification of areas for improvement. In our 
context, the results of the OEF will be applicable to communicate these impacts to the 
university community in a friendly and easy way and, to raise awareness about the need 
of reducing the OEF. In addition, students participate actively by making part of these 
tasks and lastly by carrying out their final year projects for bachelor’s degrees and masters’ 
courses, therefore, EHU-Aztarna is a high impact curricular practice.
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Methodology

We used as a reference the OEF Guide promoted by the European Commission [2]. 
The analysis made in the UPV/EHU involved the collection and evaluation of inputs (con-
sumption of materials and energy), outputs (emissions, water discharges and waste produc-
tion) and impacts derived from the academic activity, including transport needs of staff and 
students. With regard to the last activity, universities are important poles of attraction for 
frequent travellers and thousands of daily trips are made towards and from European univer-
sities [3]. One of the O-LCA practical cases for academia sector published by the UN Envi-
ronment report, in particular the Faculty of Science and Technology-UPH, indicated that the 
greatest impact is due to transport [4]. 

On this basis, our hypothesis is that our university’s transport could be one of the main 
activities of negative impact on the environment. Consequently, the UPV/EHU decided to 
participate in the U-MOB LIFE project. The main objective of this project is the creation of 
a university network to facilitate the exchange and transfer of knowledge about sustainable 
mobility best practices among European universities. The UPV/EHU has an additional goal: 
to determine the footprint due to transport through better university community mobility. 
EHU-Aztarna is collaborating in this sense by determining the transport environmental foot-
print of the UPV/EHU. 

The effects of mobility needs of the UPV/EHU on climate change and other envi-
ronmental aspects have not been examined in detail. In order to do that, a broad mobil-
ity survey was carried out during the summer of 2018 to have an accurate understanding 
of mobility habits of students and employees in the UPV/EHU. The information obtained 
through the survey included the following points: the place where the users come from 
and head to, users’ characteristics (genre, age and position), how long it takes them to 
commute (in km), main means of transport and their characteristics and how often the us-
ers commute (weekly and daily frequency). Additionally, information about displacements 
due to changes of residence and work displacements (e.g. congress trips or work meet-
ings) were collected. Apart from that, previous reports of the UPV/EHU and other agents 
were gathered and analysed. After that, the OEF of these transport needs was calculated 
based on the information provided by the survey as well as these other information re-
sources. Environmental impacts of transport were modelled using the Ecoinvent 3.3 data-
base with CML and ReCiPe LCIA methods in openLCA software [5,6]. 

It should be noted that analysing and reducing the transport environmental footprint in 
the UPV/EHU is especially complex. The UPV/EHU has several teaching and research facili-
ties across the Basque Country (Figure 1). Many of these are located in the capital cities -Bil-
bao, San Sebastian (Ibaeta) and Gasteiz- and also in Leioa-Erandio, Portugalete and Eibar. 
The proximity of these centres (with maximum distances of 100 km) and the wide transport 
offer in the Basque Country (effective highway roads and public transport) lead to a broad 
casuistry when students and staff commute to their centres. 



SECOND INTERNACIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE 21ST CENTURY – ICEE21C 2019

59

Figure 1.  Location of main centres in the Basque Country

Results and Discussion

Results of transport habits

A total number of 3569 people responded the survey. Gathered responses and popula-
tion from 2016-2017 are shown in Table 1. The population was divided into two groups be-
cause of different mobility habits: students and staff. The estimated margin of error of the 
survey was less than 4% for both students and staff, for a typical confidence level of 95.5% 
and a maximum indetermination of the sample p=q=0.5. According to the criteria followed, 
these values indicate a good representativeness of the sample [7].

Table 1.  Answers gathered in the survey by groups, population and margin of error

Groups of Users Responses Population from 
2016/17 Margin of error

Students 2.966 39.018 1.7%

Staff    603   8.178 3.8%
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Units of transport measurement were calculated by extrapolating survey data to one 
academic year and to the total population of the UPV/EHU, specifically, to passenger-
kilometres (pkm), which is the unit required by Ecoinvent databases. Calculations were 
made for the two user groups (students and staff), for different means of transport (air-
plane, train, long-distance coach, urban bus, tram, metro, car, motorcycle, bicycle and 
by foot), and, for several types of transport (daily commuting, change of residence dis-
placement and work displacements). Results for total transport are shown in Table 2. It is 
important to note that, in this paper, transport by foot is excluded due to its negligible 
impact on climate change. 

Despite the low number of staff (17 % of the university community), staff’s pkm is one 
third of the total pkm. Additionally, remarkable differences were observed between the two 
groups for different means of transport: students use mainly the bus, while staff uses mainly 
bus and car, followed by airplane. 

Table 2.  Units of transport for the total population  
of the two user groups of the UPV/EHU

Means of transport pkm students pkm staff pkm total

Airplane 4.96 x 105 2.57 x 107 2.62 x 107

Train 1.94 x 107 6.99 x 106 2.64 x 107

Bus 2.11 x 108 5.30 x 107 2.64 x 108

Tram 1.78 x 106 5.76 x 105 2.36 x 106

Metro 1.57 x 107 2.47 x 106 1.82 x 107

Car 5.34 x 107 5.17 x 107 1.05 x 108

Motorcycle 1.02 x 106 5.82 x 105 1.61 x 106

Total 3.03 x 108 1.41 x 108 4.44 x 108

The relative weight of the information in Table 2 is depicted in Figure 2. It can be seen 
from the figure that bus transport constitutes nearly 60% of the total transport; the main con-
tribution from this 60% is done by students (47%). The second most used means of transport 
is the car, which constitutes 24% of the total transport, and in contrast to the previous one, it 
is equally divided between staff and students. 6% of total transport corresponds to airplane 
travel which is exclusively used by the staff.
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Figure 2.  Distribution of total transport according to passenger kilometres (pkm).  
Different means of transport were grouped together as ‘others’ because their quantity 

in terms of pkm are far from being significant compared to airplane, bus and car
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Results of environmental impacts

Different environmental impacts calculations were conducted following the CML baseline 
methodology. Impacts on climate change are addressed in Table 3. Despite the low propor-
tion of staff compared to students (a ratio of 4.8 students per employee), the staff’s impact is 
very significant, being only 26% lower than students’ impact. A student has an impact of 544 
kg CO2-eq/person∙year, whereas an employee has an impact of 1902 kg CO2-eq/person∙year. 
This prominent impact is due to the extended use of the car among the staff. 

Table 3.  Calculated transport impact on climate change for the two user groups of the UPV/EHU

Means of transport kg CO2-eq students kg CO2-eq staff kg CO2-eq total

Airplane 6.93 x 104 3.59 x 106 3.66 x 106

Train 2.17 x 105 2.62 x 105 4.79 x 105

Bus 1.25 x 107 2.90 x 106 1.54 x 107

Tram 1.16 x 105 3.76 x 104 1.54 x 105

Metro 1.73 x 105 2.71 x 104 2.00 x 105

Car 8.03 x 106 8.67 x 106 1.67 x 107

Motorcycle 1.29 x 105 7.35 x 104 2.03 x 105

Total 2.12 x 107 1.56 x 107 3.68 x 107
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The relative weight of the information in Table 3 is depicted in Figure 3. According to 
the figure, car transport constitutes nearly half of the total impact (46%). This percentage 
contrasts to its associated pkm that corresponds only to 24% of total transport (Figure 2). 
The contribution from this 46% is equally divided between students and staff. The second 
means of transport with highest climate change impact is the bus, which constitutes 42% of 
the total impact, and conversely to the previous one, students are the main contributors. 10% 
of the total impact is due to airplane travels which are exclusively made by the staff and only 
represent 6% of the pkm.

Figure 3.  Distribution of total transport according to climate change impacts
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Conclusions

The OEF regarding the mobility of the community of the UPV/EHU with a life cycle per-
spective has been calculated on the framework of a program for addressing the sustainabil-
ity challenges at our university. From this, we can draw several conclusions: 

•	 In terms of distance, students commute less than staff. Students constitute 83% of 
the total community but they only represent two thirds of total passenger-kilometres 
of the UPV/EHU.

•	 Students use more sustainable means of transport: bus is the most used means of 
transport.

•	 Students’ individual climate change impact is remarkably lower than staff’s impact: 
544 kg CO2-eq/person∙year vs 1902 kg CO2-eq/person∙year. 

In future work it should be analysed if these habits among students results from a lack of 
economic resources, or if it is due to a high environmental awareness.
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Introduction

It is well known that traditional lecture-based instruction presents deficiencies and areas 
for improvement. As such, the incorporation of enhanced, active-learning methodologies is 
gaining support from Spanish universities. In active learning, students are placed at the cen-
tre of the educational process, with a focus on the learning process itself. Consequently, the 
key issue is to achieve a synergy between knowledge and skills in order to respond to the 
emerging demands of a constantly evolving job market.

However, a revolution of the mainstream education system implies several changes, 
such as novel practicals, tools or technologies and, what is probably more important, com-
mitment, initiative and motivation of the staff. Taken together, all the above should allow 
the university to achieve greater competitiveness. In order to achieve this level of excel-
lence, safe facilities and appropriate operating methods that safeguard the health and well-
being of the people inside the University are essential.

The 5S lean tool is known to improve system performance and is considered to play a 
significant role in establishing a Total Quality Management (TQM) environment [1, 2]. With 
implementation of the 5S management method (hereinafter abbreviated as 5S) in univer-
sity laboratories, such installations become industrial laboratories and commit themselves 
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to adopt the conditions of security and organization usually found in industry. However, un-
like industrial laboratories, where productivity tends to prevail, teaching laboratories are de-
voted to the training of new professionals in different scientific and engineering fields. 

In this context, 5S appears to be an effective tool for a successful formative process. Its 
introduction entails reducing laboratory risks to the lowest level possible, thereby also re-
ducing working hours and costs (it should not be forgotten that most students have no prior 
experience in technical laboratories), as well as broadening the space available for the loca-
tion of the resources. 

5S, which stands for the five Japanese words Seiri, Seiton, Seiso, Seiketsu, and Shitsuke, 
has been used in the automotive and other industries and comprises a set of low-cost and 
technologically undemanding practices that aim to generate productivity improvements by 
creating and sustaining clean and well-organized workplaces [3]. 

However, it should be emphasised that 5S is more than simply a cleaning-up or house-
keeping activity: it is the foundation block upon which a company can build its lean initiative 
[1]. In addition, it is a visual management tool and a structured methodology for creating 
best practice in a clean, organised and efficient working environment. As such, it can as-
sist with the elimination of frustration, stress, space limitation and inventory management. In 
short, 5S is a good way to manage university science and engineering laboratories.

Objective and Conceptual Framework

The aim was to implement 5S in the three teaching laboratories (Chemical Engineer-
ing, Basic Chemistry and Environmental Technology) of the Department of Chemical and 
Environmental Engineering in the Faculty of Engineering Vitoria-Gasteiz (University of the 
Basque Country (UPV/EHU)) in order to achieve and maintain order and maximize efficiency. 

This study was carried out during the 2018-2019 academic year in the framework of the 
Campus Bizia Lab Programme (CBLP) of the UPV/EHU. This initiative is a follow-up to the 
“University Educators for Sustainable Development” project included in the European Union 
Lifelong Learning Programme 2007-2013 for education and training. CBLP was created to 
address sustainability challenges within the university. Under the umbrella of the Sustainabil-
ity Directorate and Educational Advisory Service, this programme promotes a close working 
relationship between the different members of the university: Teaching and Research Staff 
(TRS), Administration and Services Staff (AAS) and students, with the latter playing a pivotal 
role as they are the primary users of campus services.

The main actions undertaken as part this project (from February to July) will be brought 
together in an End-of-Degree project under the supervision of the Quality and Innovation 
Unit at the UPV/EHU. 

Methodology

As mentioned above, this project involves the implementation of 5S lean methodology 
in three different teaching laboratories. It is important to note that this project overlapped 
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with the practicals carried out during the second semester in these laboratories, which hin-
dered and delayed its execution. 

To begin with, the work-team (made up of 2 TRS, 1 AAS and 2 students) took the de-
cision to consider the three laboratories as a single space instead of working with each of 
them individually. Taking into account that there was no inventory of the material availa-
ble in each area, and knowing in advance that the same material was dispersed in different 
places, it was decided to implement the first S (sort) simultaneously in all three laboratories. 
In contrast, the remaining steps were applied separately in each laboratory, although taking 
into account that the decisions adopted in each laboratory have repercussions for the rest.

Step 1: Seiri – Sort

Seiri involves sorting through the contents of the workplace and removing unneces-
sary items. This is an action to identify and eliminate all unnecessary items from the work-
place. Thus, all cabinets, drawers and the storage areas were emptied. An inventory of the 
contents was then carried out, classifying them according to the following items: size, mate-
rial (glass/plastic), quantity and conservation status (used/new). Any unnecessary objects and 
waste collected were disposed of. Figure 1 shows an image of this first stage of the process. 

Figure 1.  Images took during sort stage (1st step)

As of April 15 (paper deadline), the Seiri step had been completed satisfactorily. Details 
on the following steps that are expected to be completed in the following few weeks are 
dealt with in the next sections, and the final results will be presented at the congress. 

Step 2: Seiton – Set in Order

Seiton establishes the need to keep necessary items in designated locations for easy 
and timely retrieval. In this case, the work team met to design the criteria for the organiza-
tion of each laboratory. Based on the aforementioned inventory, families of elements (such 
as disposable material (filters, pipette tips, vials, buckets, etc.), cleaning material, material 
related to Science Week (a leading event in the social communication of science and tech-
nology in Spain), protective material (glasses, gloves, laboratory coats, oven gloves, etc.) or 
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equipment manuals) were organized and a first attempt was made to assign the most suita-
ble place for their location. 

In addition, a general rule was established whereby all units of the same type of mate-
rial should remain in the same laboratory. For example, all Büchner/vacuum flasks will be 
stored in the basic chemistry laboratory, since they are mainly used during the practicals car-
ried out therein. Consequently, sporadic users should enter this laboratory to collect the ma-
terial and return it there after use. 

Although all decisions should be made with the aim of promoting an efficient work-
flow, this stage is the most complex to execute since large volumes of many different 
elements (more than 450 catalogued tools) were found during the first stage, thereby 
making the choice of the correct location for each item at the first attempt somewhat 
complicated. 

Step 3: Seiso – Shine

Seiso is focused on keeping the workplace neat and clean. Firstly, all the equipment, 
supplies and work areas have to be thoroughly cleaned. The second task implies regular 
(preferably on a daily basis) cleaning. Here too, new working rules and habits are compul-
sory. For example, the working-team responsible for the project has to make it abundantly 
clear that the work area should be returned to the condition it was in when the day started, 
including putting away all tools, materials and supplies used that day. There should be no 
doubt that it is much safer, comfortable and productive to work in a neat and tidy work envi-
ronment. 

Step 4: Seiketsu – Standardize

Seiketsu enables and ensures compliance with the new standards established in the first 
three steps for a well-articulated and consistently organized work. Procedures and schedules 
will be written and visual management tools, such as colour coding, signals (showing direc-
tion or position), labels, posters and photos, will be strategically positioned.

Step 5: Shitsuke – Sustain

Shitsuke consolidates and brings together all previous steps. It involves training and 
discipline to ensure that everyone follows the 5S standards. In this case, the goal is to sus-
tain the previous four steps and intensify efforts to seek an improvement in each of them. In 
our case, sustainment is probably the most difficult task of 5S taking into account the high 
number and range of users (each with their own specific needs) working in the laboratories 
during the year. With the aim of maintaining and improving the lean methodology imple-
mented, new assessment criteria and a timetable for a periodic review of the 5S status will 
be agreed.
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Results and Conclusions

The accomplishment of this project will enhance performance within the three teaching 
laboratories and will have a positive effect on students, since a friendlier working environ-
ment will encourage them to undertake their laboratory practicals in an orderly and efficient 
manner, therefore improving their academic results. 

The lean methodology established herein must withstand the test of time, and this will 
only be possible if emphasis is placed on the protocols required to accomplish effective 
knowledge transfer and continuous improvement of the working environment and working 
conditions.

On a secondary level, it should be noted that if the current study had not been per-
formed, the time wasted in searching for laboratory tools, as well as the additional costs due 
to the unnecessary purchase of material that was already present in the lab but not located, 
would increase considerably.
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ABSTRACT

This paper presents a learning experience on the economics of climate change 
based on role play. The aim is to enhance students’ knowledge of climate change 
and its consequences and their understanding of different countries’ mitigation poli-
cies and strategies. Two tests have been designed involving questions related to cli-
mate change, which are answered by all student groups participating in the learning 
experience. To evaluate the effect of the role game in achieving the learning objec-
tives, the role play is performed in only some of the student groups before the sec-
ond test.

Keywords:  climate change; role-play game; climate negotiations
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1.  Introduction

Tackling the climate change caused by increased concentrations of greenhouse 
gases (GHGs) in the atmosphere is one of the most pressing global challenges of this 
century. By its nature, climate change is a complex and interdisciplinary subject and re-
quires an education proposal that will help students develop a better understanding of 
the problem. Scientific evidence exists on the need and effectiveness of using role-play 
games to improve teaching/learning on climate change. (Sterman et al. 2015; Meya and 
Eisenack 2018). 

The proposal presented here seeks to improve students’ knowledge of the causes, 
mechanisms, consequences and possible responses to climate change. To this end, we have 
designed a learning experience based on role play, “The International Climate Negotiation 
Game” (Lucas, Escapa and González-Eguino, 2015). This game is designed to simulate sum-
mit talks at the United Nations Framework Convention on Climate Change, where countries 
negotiate reductions in GHG emissions. In the game, each participant plays the role of an 
institutional representative of one country and experiences first-hand the details of the inter-
national climate change negotiation process. 

This learning proposal has three aims: (i) To improve students’ knowledge of climate 
change; (ii) To improve their understanding of different countries’ mitigation policies and 
strategies; and (iii) to help students identify the principal reasons for success and failure in 
international agreements on environmental protection1. 

2.  Description of the Learning Activity

The learning activity was prepared in three parts. The first part consisted of a 10-ques-
tion “pre-test “ dealing with the principal scientific and socio-economic aspects of climate 
change and was performed in all groups. The second part consisted of the role play and was 
only carried out in some of the groups, in order to analyse and compare the effectiveness 
of the game on learning about climate change (see section 3.2). The third and last part was 
a 10-question post-test about causes, mechanisms, consequences and possible responses 
to climate change (with particular emphasis on climate policy negotiations), which was per-
formed with all groups2.

We selected 4 student groups of the University of the Basque Country (UPV/EHU) from 
different levels, totalling more than 100 participants (see Table 1). 

1  The results presented in this work were obtained within the framework of an Educational Innovation Project 
(PIE-HBT Cod. 36 2018/2019) financed by the Offices of the Vice-Rector for Innovation, Social Outreach and Cul-
tural Action of the University of the Basque Country (UPV/EHU). As well as the authors of the work, other partici-
pants in the project included are Alberto Ansuategi and Jose Manuel Chamorro (researchers from the UPV/EHU); 
Ibon Galarraga and Mikel González-Eguino (researchers from the Basque Centre for Climate Change, BC3) and Josu 
Lucas (secondary school teacher).

2  Tests are available upon request. 
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Table 1.  Characteristics of student groups participating in the learning experience

Student 
Group Degree (course) Subject Students 

Pre-test
Post-test 
students

Role 
play

Vitoria Business Administration 
and Management

(1st yr. BAM)

Introduction to Microecon-
omy

46 43 NO

Leioa Labour Relations and 
Human Resources

(1st yr. LRHR)

Political Economics 27 21 YES

Sarriko Tax and Government 
(2nd yr. TG)

Valuation of Business As-
sets

12 20 NO

Bilbao “Experience Classrooms” Microeconomy 24 pend. pend.

Total: 109 Total: pend.

Each of the 4 groups sat the pre-test and post-test; however only 2 of them played the 
role game before the post-test3. For the groups that did play the game, material was de-
signed to explain and introduce the main concepts of climate change economics and this 
material was presented together with the game. By comparing the results of the post-test 
between groups that played the game and those that did not, we can see the effects of the 
game on learning.

3.  Results 

3.1.  Pre-test Results

The average score obtained by each of the groups in the pre-test is quite similar, at 
around 6 out of 10. As shown in Table 2, there are hardly any deviations in the average re-
sults of each single group as compared to the total mean taking the 109 participants as a 
single group.

Table 2.  Average score for pre-test

Group Vitoria Leioa Sarriko Bilbao Total

Average score (pre-test) 5.85 5.63 5.92 5.62 5.75

Analysing the results of each group in each of the 10 questions in the pre-test, we see 
that there are no differences between groups in terms of the questions they most often got 
right or wrong.

3  In the case of the fourth student group (Bilbao), the post-test will be conducted in May after they have played 
the game. 
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Figure 1 shows the distribution of students by score obtained in the pre-test (0 to 10) 
for each of the groups (Vitoria, Leioa, Sarriko and Bilbao) and for all groups taken together 
(blue line). 

3.2.  Climate Negotiation Game

Due to time restrictions, the role play is a simplified version of the complete game (Lucas, 
Escapa and González-Eguino, 2015). So far, only the Leioa group has played the game before 
sitting the post-test. The Bilbao group will also play the game during the month of May.

The simplified game consists of a single round of negotiations in which participants (di-
vided into 10 groups of countries representing all the countries in the world) have to decide 
whether or not to sign an agreement on climate change. Specifically, by signing the agree-
ment they undertake to reduce their CO2 emissions, thus contributing to mitigating the neg-
ative effects of climate change in the future. 

Figure 1.  Scores obtained in the pre-test on Climate Change

For the agreement to be successful, it must be signed by at least 7 of the 10 countries. 
If a country decides to sign up to the agreement, it has to reduce its emissions; this repre-
sents a cost for it and a benefit for all countries, given that emission reduction is considered 
a public good. The benefit and cost is specific to each country and is private information 
which they can choose whether or not to share with others. 

If there is no negotiation, there will be no agreement, since at an individual level the 
best strategy of several countries is not to sign. However, at a global level, the shared gains 
if they all sign the agreement are greater than if there is no agreement. It is explained to the 
players that it is possible to make transfers/payments to other countries so that they do or 
do not sign the agreement. Countries, therefore, are free to negotiate and commit to pay-
ments through bilateral or multilateral agreements. 
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Once the game has been explained, each group of students receives the instructions and 
information on the country they are to represent and the negotiation process begins, in which 
they negotiate freely with other countries to decide on their vote and on any possible transfers 
of revenue between them. Once the time for negotiating is up, the countries give their vote 
and the payments for each country are calculated, depending on whether or not the agree-
ment has been reached and whether the country in question has signed up to it or not.

3.3.  Post-test results

Table 3 shows the average obtained by each of the groups in the post-test (except for 
the Bilbao group where it has yet to be carried out). A major difference can be seen in the 
average score obtained by the Leioa group, which had previously taken part in the role play, 
as compared to the average scores of the Vitoria and Sarriko groups, which had not. Indeed, 
in the Vitoria and Sarriko groups the average post-test score was lower than that obtained in 
the pre-test.

Table 3.  Average score for the post-test

Group Vitoria Leioa Sarriko Bilbao

Average score (post-test) 4.32 7.19 4.85 Pend.

This positive effect of the game on the learning process is also clearly visible in Figure 
2. The percentage of students who obtained a score of over 6 in the group where the game 
was played (Leioa) is higher than the groups where it has not been played (Vitoria and Sar-
riko). In the Vitoria and Sarriko groups, the percentage of students who scored less than 5 
was greater than in the pre-test. 

Figure 2.  Scores obtained in the post-test on Climate Change



74

SECOND INTERNACIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE 21ST CENTURY – ICEE21C 2019

Figure 3 gives a comparison of the results of the pre- and post-test for the Leioa group, 
which played the climate negotiation game, and shows the improvement in the group’s 
scores. Once we have the results of the post-test for the Bilbao group (which will previously 
have played the game), we will be able to compare it with the results from the Leioa group 
and see whether the positive effect of the role play on learning is replicated.

Figure 3.  Evaluation of knowledge on climate change before and after the role play
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ABSTRACT

This project addresses key elements for building a conceptual model that integrates 
the environmental dimension in the colombian university. This conceptual model will 
consider institutions missionary functions, campus, and environment. Next, the results of 
a participatory exercise related to the updating of the Institutional Educational Project 
(IEP) are presented, as a first step for the integration of the environmental dimension in 
the Technological University of Pereira (UTP), Colombia.

Keywords:  University, Environmental Dimension, Sustainable University.

Introduction

The integration of the environmental dimension in the current colombian university 
should be based on the balance of environmental, social and economic relations in a given 
territory, contribute to the knowledge and balance of the society-nature relationship and in-
volve an interdisciplinary work, which integrates concepts and tools from different areas of 
knowledge. 
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The integration of the environmental dimension in the current colombian university 
should be based on the balance of environmental, social and economic relations in a given 
territory, contribute to the knowledge and balance of the society-nature relationship and 
involve an interdisciplinary work, which integrates concepts and tools of different areas of 
knowledge. In this sense, this research is part of the environmental sciences and focuses on 
the conceptualization and proposal of an integral model that considers the missionary func-
tions of the institution (teaching-training, research, and extension - projection social), the 
campus and the relationships with its environment. This model will serve for the evaluation, 
planning and decision making in the face of the incorporation of the environmental compo-
nent and seeks the environmental sustainability of the universities.

Research problem

Since 1972, different agendas, declarations, and conferences (national and world) have 
recognized that education plays a fundamental role in the conservation and conservation of 
the environment. (UN, 1973). The university has also been identified as a key player in soci-
ety to promote and achieve sustainable development (SD) (Velazquez et al., 2006; Alonso-
Almeida et al., 2015; Lozano et al., 2013; Ragazzi & Ghidini , 2017; Brusca et al., 2018).

The importance of the university in the transition towards a sustainable society is due 
to its missionary role that involves the training of future leaders and professionals (Cortese, 
2003, Shiel & Smith, 2017) and the possibility offered by these institutions to be living lab-
oratories because of its resemblance to “small cities” (Alshuwaikhat & Abubakar, 2008; De 
Castro & Jabbour, 2013). The university as a teaching and research entity should be the 
main agent of change that provides answers to the problems and challenges of today’s soci-
ety (Gutiérrez, Calvo, & Benayas del Álamo, 2006).

The Amount of universities committed to the inclusion of the environmental dimen-
sion is growing. However, the incorporation of this dimension in universities has been di-
rected predominantly from two approaches, the first approach is related to the develop-
ment of strategies aimed at activities on the campus, through the application of concepts 
such as “green campus”, “sustainable campus” , “Eco-campus”, which are based on tech-
nological and operational solutions (Yuan & Zuo, 2013, Dagiliūtė et al., 2018) and the sec-
ond approach considers the integration of sustainability principles in some strategic and re-
flexive activities of universities (training, research, extension and social projection) (Stephens 
& Graham, 2010; Adams et al., 2018). According to Lozano et al., 2013, the non-integration 
of these approaches implies a traditional vision, which depends on reductionist and mecha-
nistic paradigms, which demonstrates the lag of universities in terms of the contribution they 
make in the construction of sustainable societies. Kolk & Mauser (2002), suggest that organi-
zations that are incorporating the environmental dimension in their work in order to achieve 
environmental sustainability, require a dynamic model that describes the changes temporar-
ily. Therefore, the transition from traditional universities to environmentally sustainable uni-
versities transcends social, economic, organizational limits and involves multiple agents (Ad-
ams et al., 2018).

According to the above and considering that the current approaches to address the en-
vironmental sustainability of universities lack a holistic and comprehensive vision, the need 
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to generate a model for the construction or transformation of universities is evident, in which 
the environmental dimension is integrated and be transverse in its missionary functions as a 
means to achieve environmental sustainability, according to the foregoing.

Context

The influence of Higher Education Institutions (HEIs) in local economies and in the gen-
eration of sociocultural dynamics through the public service they provide through research, 
extension, and training of future leaders, decision-makers and active citizens. have identi-
fied as a fundamental actor for understanding and promoting the concept of environmen-
tal sustainability in society (Disterheft et al., 2013; Leal Filho et al., 2017). A situation that 
has motivated the signing of numerous agreements, international declarations and guiding 
frameworks by universities to ratify their commitment to the transition towards sustainable 
societies. However, these principles have not been implemented due to misconceptions or 
lack of resources, understanding, and interest in the subject (Leal Filho, 2011).

The integration of the environmental dimension in universities has been considered in-
corporating the concept of sustainability in the campus through the implementation of strat-
egies based on technological and operational solutions aimed at the efficient use of re-
sources (water, energy, among others) and minimization in the generation of pollutants and 
waste. However, like cities, universities are considered as unsustainable systems due to the 
dependence on external matter and energy required for their operation (Holmes & Pincetl, 
2012). HEIs like other systems generate entropy as part of their metabolic process, caused 
by the flows of matter and energy required, it is also important to take into account that de-
spite the implementation of strategies aimed at minimizing consumption and generation of 
waste indefinite growth is not possible in a world of limited resources (Macedo, 2005).

Some universities have integrated the environmental variable in the curriculum, with the 
purpose of changing the focus on teaching and learning processes by including the prin-
ciples, values, and practices related to Sustainable Development (Alonso-Almeida et  al., 
2015).

Therefore, it has been identified that one of the weaknesses for incorporating the 
environmental dimension in HEIs is part of the way of the practical implementation of it, 
based on the identification and solution of isolated problems that aim to be connected 
and subsequently integrated into the force, as if it was a puzzle, which, when being as-
sembled, propitiated dynamics of sustainability (Lipschutz et al, 2017). This fragmenta-
tion is a reflection of reductionist thinking and mechanistic interpretation promoted by the 
Newtonian and Cartesian mental models used in the modern educational model (Nonaka 
& Takeuchi, 2001, Lovelock, 2007, Lozano et al., 2013), where emphasis is placed on pro-
motes individual learning and competition that results in professionals who are not pre-
pared for cooperative work (Cortese, 2003). For De Sousa (2006), the university of the 21st 
century must make the transition from the model of institution based on decontextualized 
disciplinary knowledge in its relationship with society, to a reflexive and critical institution, 
which innovates and bets for interdisciplinarity based on the dialogue between knowl-
edge, through different practices that are synthesized in an “ecology of knowledge” at 
the service of society.
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Hence, the incorporation of the environmental dimension in universities has been a 
slow process whose actions are directed in most cases to one or few elements of the sys-
tem without a systemic and holistic vision (Denman, 2005, Ferrer-Balas et al. , 2009; Koester 
et al., 2006; Lipschutz et al, 2017). The foregoing prevents them from including the dynam-
ics and diversity of socioecological systems, leaving aside the analysis of their environment. 
On the other hand, Blanco-portela, et al. (2017), argue that the possible barriers that affect 
the integration of the environmental dimension in HEIs should be identified, in order to an-
ticipate, prevent and overcome these obstacles.

In this sense, the present research aims to develop a model for the integration of the 
environmental dimension of HEIs, based on a new approach that transcends the current vi-
sion of environmental sustainability in the university, which focuses on the evaluation of en-
vironmental impact ( impact on the quantity and quality of natural resources) caused by the 
different activities carried out on the campus (Adams et al., 2018).

In Colombia, the National Accreditation System includes the environmental varia-
ble within the guidelines for Institutional Accreditation; However, the characteristics and 
indicators to determine their inclusion have not been established. The objectives of ac-
creditation consider environmental development and therefore the inclusion of the en-
vironmental dimension in an integral manner must be considered (CNA, 2015). Hence, it 
is not possible to think about the quality of higher education outside the environmental 
component.

Advances in the integration of the environmental dimension in the 
Technological University of Pereira (UTP), Colombia

The UTP with the objective of taking a first step towards the integration of the environ-
mental dimension in its work updated its Institutional Educational Project (PEI). The PEI is the 
academic navigation letter of the university, according to the National Accreditation Coun-
cil (CNA, 2015), self-assessment and self-regulation allow the university continuous improve-
ment with a view to achieving excellence and institutional autonomy, for which it must orient 
its missionary purposes, objectives, plans and projects in a manner consistent with the mis-
sion and with the Institutional Educational Project (PEI).

The UTP is a public (state) Colombian university located in the city of Pereira (Colom-
bian coffee axis), within the Metropolitan Area of Central West, has a total university com-
munity of 18,870 people, which is divided as follows: 15,616 students in the undergraduate 
programs and 1,504 in the graduate programs, 395 administrative officers and 1,355 teach-
ers (Statistical Bulletin UTP, 2019).

As part of the process of updating the PEI of the UTP, meetings were held called Uni-
versity Cloisters, which were held with the curricular committees of the undergraduate and 
graduate programs and with the councils of the faculties, so it can be affirmed that there 
was a representation of all the institutions of the institution: students, graduates, teachers, 
and managers; In addition, two additional cloisters were held, one with the coordinators of 
all administrative processes and the other with the university’s management team.

In order to know the perceptions of the university community regarding the topic of 
interest, in each of the cloisters we worked in groups around some questions. Then, the 
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categorization of the primary information was made and analyzed through mixed triangu-
lation (data from the “contributions” cloisters, official documents of the university “what 
there is” and theories (Flick, 2014), until the construction of an analysis that allowed estab-
lishing the guidelines for a proposal that represents the interests and needs of the univer-
sity community.

Next, the results of the collective construction of the PEI proposal (Figure 1) and the 
outline with the proposal of integral professional training are presented, considering that 
this training does not constitute chairs, nor specific curricular contents, but is part of the ac-
ademic life of all the programs and institutional activities, and implies educational practices 
for the formation of critical thinking, education for citizenship and democracy, and commit-
ment to environmental sustainability (Figure 2).

Figure 1.  Outline of the Institutional Educational Project  
of the Technological University of Pereira
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Figure 2.  Comprehensive professional training at the University

Conclusions

•	 In the construction of a new university institutionality, participatory evaluation is cru-
cial, in which all members and groups participate, seeking to generate consolidated 
self-reflection and self-regulation processes, open an external evaluation in pursuit of 
the autonomy of academic and institutional processes.

•	 The university must be linked to networks and local and global academic communi-
ties through research processes that create, transform, transfer, contextualize, apply, 
manage, innovate, and exchange knowledge, to contribute to the sustainable devel-
opment of society.

•	 The university must be a community committed to the integral formation of citizens 
with critical thinking and the ability to participate in the strengthening of democracy, 
with an interdisciplinary perspective for the understanding and search for solutions to 
today’s and future’s problems, based on the knowledge of sciences, disciplines, and 
knowledge.

•	 The development of this work generated important information to understand the re-
lationship university - environment, which is essential for the conceptualization of uni-
versities that integrate the environmental dimension to achieve environmental sus-
tainability.
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Introduction

The environmental, social and economic global situation lead us a new world that dif-
fers from the one of some decades ago. It is necessary to include these changes in the en-
gineering degrees so that the graduates have the necessary skills to look for solutions in the 
new scenarios. In 2015, countries adopted the 2030 Agenda for Sustainable Development 
and its 17 Sustainable Development Goals (SDG) with 168 targets and indicators. As United 
Nations said, the Sustainable Development Goals are a call for action by all countries to pro-
mote prosperity while protecting the planet. There are necessary new strategies that build 
economic growth and address a range of social needs including education, among others, 
while tackling climate change and environmental protection. For that reason, Universities are 
working for adapt the curriculum of different engineering degrees to this new situation. Both 
the methodology and the technical contents must be adapted. 

The target 4.7 is specifically related to Education for Sustainable Development (ESD): 
“By 2030, ensure that all learners acquire the knowledge and skills needed to promote sus-
tainable development, including, among others, through education for sustainable devel-
opment and sustainable lifestyles, human rights, gender equality, promotion of a culture of 
peace and non-violence, global citizenship and appreciation of cultural diversity and of cul-
ture’s contribution to sustainable development” [1]. The most important difficulty of this ev-
olution in the universities is related with the fact that degrees tends toward specialization, 
reducing the points of view of the graduates to solve problems [2, 3]. Although the holistic 
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modification of curricula could be the most suitable change, they can be several limitations 
related with the training of the faculty. Then, the transition from the actual situation to an 
overall formation in this area requires the development of activities that could include tech-
nical, social and economic aspects of sustainability. The final objective must be that the fu-
ture graduates will think in terms of sustainable development. 

This work describes one activity performed with students of Civil Engineering in the En-
vironmental Engineering course. This activity can be used to any other degree. The main 
objectives are the analysis of the Sustainable Development goals and associated targets, 
and the identification of ones directly related with their professional activities. For that, em-
ployed methodology has been puzzle. The students works in the classroom in work teams 
in order to research the relation between the targets and Civil Engineering. After that, each 
team presents their conclusions for each goals. The students must discuss the conclusions 
obtained by each group, and finally they have created a document defined as a manual of 
Sustainable Practices in Civil Engineering.

Methodology

The Engineering Faculty of Gipuzkoa (University of the Basque Country) offers, among 
others, Civil Engineering Degree. Its curriculum include in the 3rd year the Environmental En-
gineering course. The main competence is related with the environmental assessment of 
projects, plans and programs. For that, along the course, students develop abilities related 
with several environmental factors as water, atmosphere and residues, among others. For that, 
project based learning methodology is employed during the 15 weeks of the course. It in-
cludes different activities as flipped room or puzzle. This methodology facilitates the devel-
opment of the proposed activity because the students are accustomed to working in groups 
and with active learning methodologies. The sustainability concept is presented along the first 
week of the course, together with the analysis and discussion about some articles related with 
the relation and relevance of environmental engineering for Civil Engineering profession.

One session of that course of two hours of duration was used for this activity. The de-
scription of the activity is presented in Table 1. Students were distributed in works team with 
six person each of one. The activity starts with an explanation about SDG and the distribu-
tion in 17 goals with 168 targets with the corresponding indicators. Then, the professor ex-
plains the activity objectives and stages (10 min). The students has been distributed into 
groups of 6 identified as A, B and C. Within each group, three SDG groups (1-6, 7-12, 13-17) 
have been made identified as 1, 2 and 3, respectively. In pairs, the students have been ana-
lysing during 30 min the corresponding SDG (A1, A2, A3, B1, B2, B3, C1, C2, C3) and iden-
tifying those directly related to civil engineer work. For this, each goal related to the degree 
of Civil Engineering has been assigned actions that could develop in their professional fu-
ture. When all the groups have finished, expert meetings have been held in which the stu-
dents who have analysed the same SDG have met during 30 min (A1, B1, C1, A2, B2, C2, 
A3, B3, C3). In these meetings, they have discussed about their decisions and the allocations 
made to each goal of each SDG. Finally, the students have met with their original group (A, 
B, C) and have presented the conclusions of each SDG group analysed (40 min), with which 
they have generated the document product of the activity: Development of the activity of 
Civil Engineer according to the SDG.
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Table 1.  Stages and description of the activity

Stage of 
the activity Time (min)

Work teams
Stage objective

A B C
1 5 A1

A2

A3

B1

B2

B3

C1

C2

C3

Teams formation and distribution of SDG to each sub-
group

2 30 A1 B1 C1 Personal analysis of 1-6 SDG looking their relation with 
Civil Engineering profession

A2 B2 C2 Personal analysis of 7-12 SDG looking their relation with 
Civil Engineering profession

A3 B3 C3 Personal analysis of 13-17 SDG looking their relation 
with Civil Engineering profession

3 30 A1 B1 C1 Discussion about 1-6 SDG for define the most relevant 
for Civil Engineering profession

A2 B2 C2 Discussion about 7-12 SDG for define the most relevant 
for Civil Engineering profession

A3 B3 C3 Discussion about 13-17 SDG for define the most rele-
vant for Civil Engineering profession

4 40 A1

A2

A3

B1

B2

B3

C1

C2

C3

Discussion in original teams for define the items of the 
document Development of the activity of Civil Engineer 
according to the SDG.

Results and discussion

The SDG has been analysed by the students by reading and discussing the most suit-
able answer for each target of the corresponding Goal. The activity is performed by both 
personal and work in teams. Obtained product, the document with the selected targets, has 
been researched in order to determinate the most relevant objectives according to the stu-
dents. For that, the relevance of a target in the Civil Engineering profession has been calcu-
lated as the percentage of selected target by the students and the quantity of the targets in 
a Goal. Results shown, in the student opinions, that SDG number 6 is the most important, 7 
and 11 are very relevant, and 3, 13 and 14 have some relation with Civil Engineering.

This result has been compared with the one published by The World Federation of Engi-
neering Organizations (WFEO) [3] and its network of national and international organizations 
in more than 90 countries representing 20 million engineers across all disciplines. In fact, this 
document can be defined as an activities map of the association. The report reflects that the 
most relevant SDG are 6, 9, 11, 13, 16 and 17. It takes also special importance the number 4 
related with quality education. The evaluation of the selected Goals indicates that the most 
relevant objective of the organization related with performed activity in the classroom can be 
resumed as apply engineering and technology for promoting sustainable development, cli-
mate change adaptation, disaster risk mitigation, public health and poverty alleviation. The 
selected SDG related directly with the Civil Engineering profession, and discarding others re-
lated with the policy and management can be listed as 6 (clean water and sanitation), 11 (sus-
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tainable cities and communities) and 13 (climate action). Then, students has identify similar 
objectives from SDG analysis than WFEO. Differences between results can be due to the diffi-
culty of the students to find the possibilities that they have to develop in this area.

In addition, some of the proposals about selected target are very close to the ones 
form the report of WFEO. For example, students proposals related with water management 
(Table 2) are related with the design and construction of new wastewater treatment plant 
and the efficient use of water. 

Table 2.  Student selection and contributions to SDG 6

Goal 6. Ensure availability and sustainable management of water and sanitation for all

Targets Indicators Student Contributions

6.1. By 2030, achieve universal and eq-
uitable access to safe and affordable 
drinking water for all

6.1.1. Proportion of popula-
tion using safely managed 
drinking water services

Design supply networks in 
all inhabited areas.

6.2 By 2030, achieve access to ade-
quate and equitable sanitation and hy-
giene for all and end open defecation, 
paying special attention to the needs 
of women and girls and those in vulner-
able situations

6.2.1 Proportion of popula-
tion using safely managed 
sanitation services, including 
a hand-washing facility with 
soap and water

Design sanitation networks 
in the most populated ar-
eas

6.3. By 2030, improve water quality by 
reducing pollution, eliminating dump-
ing and minimizing release of hazard-
ous chemicals and materials, halving the 
proportion of untreated wastewater and 
substantially increasing recycling and 
safe reuse globally

6.3.1 Proportion of wastewa-
ter safely treated

Implementation of waste-
water treatment plant

6.3.2 Proportion of bodies of 
water with good ambient

Implementation of drinking 
water treatment plant

6.4 By 2030, substantially increase wa-
ter-use efficiency across all sectors and 
ensure sustainable withdrawals and sup-
ply of freshwater to address water scar-
city and substantially reduce the number 
of people suffering from water scarcity

6.4.1 Change in water-use ef-
ficiency over time

Implement regulations that 
regulate the efficient use of 
water in places with short-
ages.6.4.2. Level of water stress: 

freshwater withdrawal as a 
proportion of available fresh-
water resources

6.6. By 2020, protect and restore wa-
ter-related ecosystems, including moun-
tains, forests, wetlands, rivers, aquifers 
and lakes

6.6.1. Change in the extent 
of water-related ecosystems 
over time

Regulate and restrict the 
massive exploitation of wa-
ter from natural places

6.a. By 2030, expand international co-
operation and capacity-building support 
to developing countries in water- and 
sanitation-related activities and pro-
grammes, including water harvesting, 
desalination, water efficiency, wastewa-
ter treatment, recycling and reuse tech-
nologies

6.a.1. Amount of water- and 
sanitation-related official de-
velopment assistance that is 
part of a government-coordi-
nated spending plan

Increase investments in the 
drinking water and sanita-
tion sections.
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When the United Nations set out 17 Sustainable Development Goals back in 2015, not 
only did it spark a global drive towards tackling some of the world’s biggest problems, it 
also provided a new framework from which to teach the next generation of engineers. CES 
EduPack has long been at the forefront of Environmental and Sustainable Development En-
gineering Education. The 2019 version of CES EduPack continues to strengthen the data 
and tools available for this teaching.

Updated data on critical materials and fuel costs allows students to make informed de-
cisions based on reliable information. A holistic view of design finds support through en-
hanced social and regulatory data and the Eco Audit Tool, which is now available in all Edi-
tions of the CES EduPack.

“CES EduPack 2019 supports educators that are using the UN Sustainable Develop-
ment Goals as a starting point for project work around social equality, justice, and techno-
logical developments,” said Mike Ashby, professor and co-founder of Granta. “Through 
regular updates to sustainable development data and the addition of new topics such as 
additive manufacturing and biocomposites to link materials use to real-world production 
and manufacturing, CES EduPack 2019 empowers students to make stronger design deci-
sions.”
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New entries in Nations of the World data table 

•	 Child labor 
•	 Forced labor and slavery 
•	 Minimum wage 
•	 Hours worked per week 
•	 Fatal accidents at work 
•	 Social protection expenditure 
•	 Political freedom 
•	 Corruption perception index

•	 Recycling rate 
•	 Voice and accountability 
•	 Unemployment rate 
•	 Research and Development spend 
•	 Regulatory quality 
•	 IP protection 
•	 Global Peace Index

Benefits 

•	 Teaching good decision-making based on 
good data 

•	 Understanding trade-offs 
•	 Assessing environmental impacts of products 
•	 over their life cycles 
•	 Helping students work with uncertain data 

•	 Teaching students to understand stakeholders 
•	 Making sure facts are found before judgements 

are made 
•	 Balancing natural, social and manufactured 

capital 
•	 Tying in the social impact of technological ad-

vances
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Introduction

On September 2015 the General Assembly of the United Nations unanimously ap-
proved the 2030 Agenda for Sustainable Development. This Agenda is a global plan of ac-
tion for people, planet and prosperity that seeks to eradicate poverty, take urgent action on 
climate change and combat inequalities within and among countries [1]. In order to achieve 
this global challenge, 17 Sustainable Development Goals (SDGs) that reflect the scope and 
ambition of this plan were approved.

Universities occupy a unique position within society, as they are both responsible for 
the creation and dissemination of knowledge, and are drivers of innovation, economic de-
velopment and societal wellbeing [2]. Therefore, they have a critical role in contributing to 
the SDGs.

A number of SDGs and their targets explicitly recognize education and research [1], for 
example: 

•	 SDG 4: ensure inclusive and equitable quality education and promote lifelong learn-
ing opportunities for all.

•	 SDG 9: build resilient infrastructure, promote inclusive and sustainable industrializa-
tion and foster innovation.
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However, the contribution of the universities could be much broader and a great 
number of actions could be carried out in order to provide students, academic staff and ad-
ministration and services personnel with the skills and motivation to address SDGs.

In recent years the university sector has begun to engage with the ambitious challenge 
of transforming the world. However, there is an urgent need for the sector to accelerate its 
actions [2]. Within this framework, the University of the Basque Country (UPV/EHU) has as-
sumed the challenge to contribute constructively and critically to this plan on a local scale 
by taking on commitments such as:

•	 The transversal incorporation of the SDGs to the policies and activity of the university.
•	 The intensification of the development of competences for sustainability among stu-

dents, teachers and administration and services personnel.
•	 The promotion of innovative projects that address the challenges of the 2030 Agenda. 

The goal of this project was to implement a protocol that enabled a more responsible 
and sustainable purchase and management of the chemical reagents used in various Faculties 
and Departments of the UPV/EHU. The application of this protocol plays a key role in the tran-
sition towards the Circular Economy of the university (SDG number 12: responsible consump-
tion and production: Guarantee sustainable models of production and consumption). 

This work was developed within the framework of the Campus Bizia Lab (CBL) chal-
lenge, an initiative that derives from the Erasmus University Educators for Sustainable De-
velopment Project in which the UPV/EHU participated in the 2013-2016 period. It aims to 
trigger a collaborative process between academic staff, administration and services person-
nel and students (transdisciplinary approach) in order to respond to sustainability challenges 
within the University itself. 

Methodology

In order to attain the main objective twelve different experimental subjects taught by 
three Departments at the Alava Campus and one at the Bizkaia Campus of the UPV/EHU 
were selected for this study. The Departments involved in the study are listed in Table 1.

Table 1.  Departments involved in the study

Alava Campus

Faculty of Engineering Vitoria-Gasteiz

Department of Chemical and Environmental Engineering

Faculty of Pharmacy

Department of Analytical Chemistry

Department of Inorganic Chemistry

Bizkaia Campus

Faculty of Engineering in Bilbao

Mining and Metallurgical Engineering and Materials Science

https://www.ehu.eus/en/web/ingeniaritza-bilbo/hasiera
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The project was divided into four consecutive tasks that were carried out by 15 mem-
bers of the teaching staff, 3 members of the administration and services personnel and 2 
students.

TASK 1. INVENTORY OF CHEMICAL REAGENTS. Information regarding the chemical 
reagents used in the laboratory practices of the selected subjects was gathered (name of the 
reagent, CAS number, quantity used in each experiment, etc.) and collected in an inventory. 

TASK 2. IDENTIFICATION OF COMMON NEEDS. The chemical reagents used in all 
the Departments involved in the project (common reagents) were identified.

TASK 3. COST-BENEFIT ANALYSIS. A comprehensive cost-benefit analysis of the joint 
purchase and management of the chemical reagents was carried out. This analysis took into 
account both economic and environmental issues.

TASK 4. JOINT PURCHASE PROCEDURE. A joint purchase procedure that enabled a 
more responsible and sustainable use of the chemical reagents use in more than one De-
partment was designed and implemented.

Results

The identification of the common reagents used in the twelve selected subjects and the 
results achieved in the cost-benefit analysis of their joint purchase and management led to 
the definition of a “protocol for the joint management of reagents”. This procedure ensures 
the joint purchase, storage and use of the reagents that are used in two or more Depart-
ments, in addition to an accurate and updated inventory of the chemicals stored.

Several economic and environmental benefits resulted from this innovative manage-
ment strategy, such as:

•	 better control and management of the chemical reagents used in the laboratories.
•	 waste prevention due to lower generation of chemical residues.
•	 reduction in the costs associated with the purchasing of reagents and the collection 

and handling of chemical waste.

The main difficulty that had to be overcome was the current chemicals purchasing pol-
icy within the UPV/EHU, which stipulated that ordering was carried out at departmental level 
using the departmental budget. In addition, the lack of a central stockroom facility ham-
pered the management of common chemical reagents, and a laboratory-to-laboratory ex-
change strategy was set up as the most viable alternative. 

Conclusions

The design and implementation of a protocol for the joint management of the reagents 
used in several Departments of the UPV/EHU had a positive economic and environmen-
tal impact. The protocol can be extended to other Departments, Faculties and services of 
the UPV/EHU, and constitutes an important basis on which a global joint purchasing strat-
egy can be designed. This strategy would boost the circular economy and contribute to new 
sustainability challenges within the University itself.
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Introduction

In the fourth year, the students of Renewable Energies Engineering at the University 
of the Basque Country (UPV/EHU), undertake a 12 ECTS individual project. Supervised by 
a tutor of the selected research field, the student is free to select a topic that matches her 
or his personal interests to increase the acquired knowledge in a particular area of the re-
newable energies engineering discipline. The work done in the project presented as the 
Final Year Project (FYP) report, is the perfect presentation card to be shown to prospec-
tive employers, or as the beginning of the postgraduate studies line. The FYP works as 
the link between the academic formation and the professional activity and, thus, it should 
reach enough complexity to emulate an actual engineering problem in the real life. There 
are several active teaching methodologies, as the Problem Based Learning (PrBL) and 
Project Based Learning (PjBL) in which the students work with open scenarios and multi-
ple choices solutions. Nevertheless, it is often difficult to have access to actual data (budg-
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ets, previsions…) of ongoing projects of engineering enterprises to define the scenario for 
the students to work in. Even more, it is very instructive to have access to the industrial 
installations related to the project and it is not easy for university undergraduates to ob-
tain permission to visit them. This the why most of the times the challenges offered to the 
students are generic, based on estimations and do not correspond to actual engineering 
projects. 

In this work we present the results of several FYP, in the field of renewable energies 
engineering, that were defined and developed in the very university buildings. The idea 
started after a call for projects related to sustainability within the university. At this point, 
and after taking a look to the current situation of different buildings of the university of 
the Basque Country (UPV/EHU) in terms of energetic efficiency and energy consumptions, 
the opportunity was clear. Thus, it was proposed to different students to develop FYP that 
worked in the introduction of renewable energies in buildings of the campus. The pro-
posal was successful as it offered considerable advantages for the students such as prox-
imity, access to data related to consumptions, installations, operational parameters, etc. 
Furthermore, some of the buildings in which the Renewable Energies Engineering bach-
elor degree is imparted were energetically very inefficient and used very old based burn-
ers fed with gasoil to provide heat and sanitary water. It was considered somehow inco-
herent and was stimulating for the students to work to provide an improvement in the 
sustainability of the university installations. Depending on the different interests, some stu-
dents decided to choose a project devoted to biomass as a way to provide energy, based 
on the available and abundant forestry resources in the surroundings. Other students were 
more attracted by the wind energy installations, in particular, mini-wind technology, suit-
able to be installed in roofs of buildings in cities. 

Results and Discussion

The mentioned FYP were successfully completed and each one of them provided an 
actual engineering proposal for the implementation of renewable energies in the Univer-
sity building. The works included aspects such as the economic estimation, technologi-
cal requirements and results in terms of energetic efficiency and sustainability. For the 
projects’ development, it was compulsory to create partnerships between students, fac-
ulty, and staff, resulting in enriching multidisciplinary experiences in collaboration with 
different departments. Even if, in some of the studied buildings, the initial idea of imple-
menting a specific renewable energy was not applicable due to the existing configuration 
of the building and the location of the burner room and accesses, an alternative solution 
was provided and the study was useful as well. Other aspect that was remarkable was the 
opportunity for the students of getting in contact with local suppliers and small enterprises 
of the renewable energy field in the surroundings. In the case of biomass energy, it was 
necessary to analyse the options of forestry resources supplying, such as pellets or splin-
ters, and the associated transport and storing considerations. In the case of wind energy, 
the students designed a prototype that was built with existing commercial pieces and was 
optimized in situ in the roof of the building for which has been designed. 
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Conclusion

Academic benefits were observed in terms of an opportunity for the supervisors to pro-
vide students with authentic hands-on learning experiences of the very close surroundings. 
Students were able to develop professional skills, gain first-hand work experience and work 
for the local community contributing to the local real change. In summary, the opportunity 
was found as enriching for everyone, providing opportunities for applied learning in sustain-
ability.
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Introduction

The next generations of engineers will contribute to solving the serious problems 
caused by environmental degradation and climate change, in order to cope with these chal-
lenges, they must acquire the sustainable development competencies set by UNESCO 
(UNESCO, 2017). The sustainable development competences should be taken into account 
in university curricula, they must be inserted in engineering curriculums through the educa-
tion for sustainable development (ESD). But this is not something new, by 2005 the CRUE 
(Spanish universities’ rectors conference) in the Guidelines for the Inclusion of Sustainability 
in the Curriculum recommended the inclusion of sustainability competences in university: 

Universities must prepare professionals who are not only capable of using their knowledge 
in a scientific context, but also to meet social and environmental needs. The entire educational 
process must be approached holistically to implement sustainability skills across the board 
so that students can learn to make decisions and take actions based on sustainable criteria. 
(CRUE, 2005)

According to this recommendation it is necessary to train electrical engineering stu-
dents to acquire skills to solve problems in contexts of increasing complexity that also in-
clude environmental criteria. In the area of electrical engineering, the inclusion of energy 
saving and efficiency criteria, as well as the environmental impact of facilities for electric 
power transport, generation and distribution, have been considered for years as design cri-

mailto:zaloa.aginako@ehu.eus
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teria in the construction, renovation or maintenance of all type of facilities. However, in the 
degree of electrical engineering prevails the use of technical and economic criteria on the 
environmental criteria when designing electrical installations, being the inclusion of design 
criteria that consider environmental aspects and energy efficiency very timid.

This paper describes an activity carried out in a subject of the electrical engineering de-
gree to include the sustainable development goal No. 15 Life on land in the curriculum. The 
Goal N. 15 is about: Protect, restore and promote sustainable use of terrestrial ecosystems, 
sustainably manage forests, combat desertification, and halt and reverse land degradation 
and halt biodiversity loss. The activity is not just about tackling the problem from a norma-
tive point of view, it tries to contextualize the existing regulations and the actions of the 
electricity distribution companies within the framework of the SDGs and to give a systemic 
and critical vision to the actions to protect the birdlife that are being carried out currently in 
our nearest environment (Basque autonomous community).Following the recommendations 
of UNESCO (2017), an active methodology has been chosen, project-based learning. Thus, 
with the aim of developing sustainability competences and the competences of the degree, 
students work actively in teams in order to solve a specific challenge in a self-directed learn-
ing context. 

Description of the activity

Basically, in the activity students carry out a project to adapt overhead distribution 
power lines to the regulations to protect the birdlife, the regulations date from 2008 (BOE, 
2008). For distribution lines, the regions themselves have the power to regulate the activities 
within its territory and especially in sensitive environments (protected natural areas), regional 
governments have a regulatory role and develop specific regulations (Saenz de Buruaga, 
et al., 2018). The other agent involved is the electric distribution company, that owning the 
lines has the responsibility for carrying out the modification of lines according to regulations. 
When developing their technical solutions students must consider the technical and environ-
mental requirements of these three agents, this way the solution will be viable in a real con-
text.

The SDG No. 15, especially in its biodiversity protection section, is the guiding thread 
of the activity that guides the learning of the contents related to sustainable development in 
the activity, and it also gives a global vision of the intervention on the protection of birdlife 
beyond the regulatory point of view, transforming the profile of the designer towards a sus-
tainable designer.Another key point of the proposal is its linkage to the student’s closest re-
ality. To bring the problem closer to students a news published in the press at the beginning 
of 20191 is used. According to this news an electric distribution company signed an agree-
ment with the Basque government to modify the overhead high voltage lines in the natural 
protected areas of the region in order to protect the birdlife.

The students work with a real line that exists and that must be modified according to 
the plan developed by the Basque government which is inside the agreement of the gov-

1  https://www.eitb.eus/es/noticias/sociedad/videos/detalle/6110667/video-nuevas-torres-alta-tension-evitar-
aves-se-electrocuten/

https://www.eitb.eus/es/noticias/sociedad/videos/detalle/6110667/video-nuevas-torres-alta-tension-evitar-aves-se-electrocuten/
https://www.eitb.eus/es/noticias/sociedad/videos/detalle/6110667/video-nuevas-torres-alta-tension-evitar-aves-se-electrocuten/
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ernment and the distribution company too. It is the feeder No 9 of Fadura substation in the 
protected area of Bolue located between the municipalities of Getxo and Berango (Biscay).

Figure 1.  The news about the modification  
of electric power lines in the Basque Autonomous Community

Table 1 shows schematically the development of the activity. For the design of the ac-
tivity Granados model (2019) has been used. 

Table 1.  Elements of the activity including sustainability and the SDG number 15 

Birdlife Protection in distribution overhead lines in Biscay Sustainability Aspects

Context

(syllabus)

Grade Electrical Engineering Relationship with SDG: 15 Life on 
land (protection of biodiversity)Subject Electric lines and Electrical Power sys-

tems

Contents •	 Legislation to protect birdlife 
against hazards in electrical over-
head lines.

•	 Distribution lines’ elements includ-
ing those to protects birdlife.

•	 Sustainable development Goals 
(SDG), what they are.

•	 The 15 SDG
•	 Electrical Distribution Companies 

and the 15 SDGs (birdlife protec-
tion, controlled loggings…)

Concepts and principles of sustain-
able development: SDG; sustainable 
development; birdlife hazards with 
electrical distribution lines.
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Birdlife Protection in distribution overhead lines in Biscay Sustainability Aspects

Grade’s 
Competences

•	 Be able to analyse and critically 
discuss (environmental) problems 
inherent to electric power trans-
mission lines and electric power 
systems.

•	 Ability to design creatively, adopt-
ing the right decisions, and cal-
culation accurately electric power 
transport lines.

•	 To apply current legislation to de-
sign distribution power lines.

•	 Work in teams

Systemic thinking 

Critical thinking competence.

Collaboration competence

Learning 
goals

Learning out-
comes

Learning out-
comes

•	 To know the current legislation 
on the protection of birdlife and 
the areas of the Basque Country 
where it should be applied.

•	 To identify and know technical 
characteristics of the compo-
nents of distribution overhead 
lines. 

•	 To apply viable technical solu-
tions in the distribution lines tow-
ers for the protection of birdlife, 
using the suitable elements to 
protect birdlife. 

•	 To design distribution overhead 
lines considering environmental 
aspects. 

•	  Learn from other team members 
and collaborate with the team to 
get to do a viable project, over-
coming conflicts and different 
points of view.

•	 Know and understand the rela-
tionship between the agents in-
volved in the protection of birdlife 
(legislations, companies and SDG 
15), and raise viable solutions with 
all conditions.

•	 Know and critically analyse the po-
sitions of the electrical companies 
regarding the SDGs and propose 
your own personal positioning as 
line designer.

Assessment Project document assessment rubric 
including environmental contents.

The environmental contents are 
about the systemic competence, leg-
islation, and the quality of technical 
solutions. 

•	 Sustainability questionnaire (at the 
beginning and at the end). To as-
sess contents about sustainability 
and SDG.

•	 Work-team Rubric.
•	 Rubric to assess the critical think-

ing competence about the elec-
trical companies role and the de-
signer role on SDG.
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Birdlife Protection in distribution overhead lines in Biscay Sustainability Aspects

T e a c h -
ing and 
learning 
p r o c e s s 
and activ-
ities

T e a c h i n g 
learning ap-
proach

Project Based Learning: 

Collaborative working teams

Active and collaborative approaches 
are those that can help to promote 
sustainability skills. 

Activities •	 Present the statement of the 
project and its context. 

•	 Choose the learning objectives.
•	 Individual / group learning with 

the puzzle method
•	 Individually analyse the elements 

of one of the supports and make 
the modifications.

•	 Prepare the project document in 
group.

•	 Defend in public the adopted so-
lution.

•	 Answer a questionnaire on sus-
tainability and SDGs.

•	 Watch UNESCO etxea’s video 
about SDG (the first one) and the 
video about SDG 15.

•	 Analyse the websites of the distri-
bution companies that have a sec-
tion on sustainability (Iberdrola, 
EDP and Unión Fenosa) and re-
view critically the sustainable ac-
tivities carried out by the compa-
nies (in groups)

•	 Analyse in groups what can be 
done in regarding to SDG 15 
when designing lines, bring to-
gether results (at least two things 
must come out, birdlife and log-
ging). Discuss the identity of the 
“sustainable designer”

•	 Reflect on the role of the engineer 
with respect to the SDGs

Resources https://www.eitb.eus/es/noticias/so-
ciedad/videos/detalle/6110667/vid-
eo-nuevas-torres-alta-tension-evitar-
aves-se-electrocuten/

Avifauna y tendidos eléctricos en 
la CAPV. Sáenz de Buruaga et  al., 
Gobierno Vasco, 2018. http://www.
euskadi .eus/gobierno-vasco/-/
documentacion/2018/avifauna-y-ten-
didos-electricos-en-la-capv/

Avifauna live Iberdrola v2

Experiencia adecuación de tendidos 
eléctricos. Gobierno de Aragón.

BOPV/EHAO Resolución del 18 de 
junio de 2018, del director de patri-
monio natural y cambio climático por 
la que se determinan las líneas eléc-
tricas que no se ajustan a las pre-
scripciones técnicas establecidas en 
los artículos 6 y 7 del RD 1432/2018

https://envertec.eu/avifauna.htm 

Template to write the project.

Drawings and photographs of the 
line

1 and 15 videos of UNESCO etxea.

h t t p s : / / w w w . y o u t u b e . c o m /
watch?v=gQBJfYlDOvA &

h t t p s : / / w w w . y o u t u b e . c o m /
watch?v=1peW1UMNq1A 

https://www.iberdrola.com/sosteni-
bilidad/comprometidos-objetivos-
desarrollo-sostenible

https://www.edphcenergia.es/es/
sostenibilidad/

http://www.ufd.es/conocenos/me-
dio-ambiente/

RD 1432/2008 de 29 de agosto, por 
el que se establecen medidas para 
la protección de la avifauna con-
tra la colisión y la electrocución en 
líneas eléctricas de alta tensión. ( 
http://www.f2i2.net/documentos/lsi/
dis_6074.pdf)

http://www.euskadi.eus/gobierno-vasco/-/documentacion/2018/avifauna-y-tendidos-electricos-en-la-capv/
http://www.euskadi.eus/gobierno-vasco/-/documentacion/2018/avifauna-y-tendidos-electricos-en-la-capv/
http://www.euskadi.eus/gobierno-vasco/-/documentacion/2018/avifauna-y-tendidos-electricos-en-la-capv/
http://www.euskadi.eus/gobierno-vasco/-/documentacion/2018/avifauna-y-tendidos-electricos-en-la-capv/
https://envertec.eu/avifauna.htm
https://www.youtube.com/watch?v=gQBJfYlDOvA
https://www.youtube.com/watch?v=gQBJfYlDOvA
https://www.youtube.com/watch?v=1peW1UMNq1A
https://www.youtube.com/watch?v=1peW1UMNq1A
https://www.iberdrola.com/sostenibilidad/comprometidos-objetivos-desarrollo-sostenible
https://www.iberdrola.com/sostenibilidad/comprometidos-objetivos-desarrollo-sostenible
https://www.iberdrola.com/sostenibilidad/comprometidos-objetivos-desarrollo-sostenible
https://www.edphcenergia.es/es/sostenibilidad/
https://www.edphcenergia.es/es/sostenibilidad/
http://www.ufd.es/conocenos/medio-ambiente/
http://www.ufd.es/conocenos/medio-ambiente/
http://www.f2i2.net/documentos/lsi/dis_6074.pdf
http://www.f2i2.net/documentos/lsi/dis_6074.pdf
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Assessment of sustainability competences

To finish with the design of the activity, the rubrics designed to evaluate the learning 
objectives of sustainable development are presented below in Table 2. The questionnaires 
used to evaluate the contents related to SDG and sustainable development are not shown, 
because the authors consider that they have little interest in comparation with presented ru-
brics.

Table 2.  Rubrics to assess sustainability learning objectives

Competence Learning 
Outcomes Level 1 Level 2 Level 3 Assessment 

Tool

Systemic think-
ing

Know and un-
derstand the re-
lat ionship be-
tween the agents 
involved in the 
p rotec t ion  o f 
birdlife (legisla-
tions, companies 
and SDG 15), 
and raise viable 
solutions with all 
conditions.

the student only 
applies the na-
tional bird pro-
tection legisla-
tion to justify the 
Project.

the student dif-
ferentiates the 
national and re-
gional legisla-
tions and justi-
fies the Project 
based on both

the student differ-
entiates national 
and regional laws 
and justifies based 
on them and the 
requirements of 
SDG 15 project.

Pro ject  docu-
ment

the student only 
applies the bird 
protection legis-
lation to design 
the solution.

the student ap-
pl ies the bird 
protection leg-
islation and the 
requirements of 
electrical distri-
bution compa-
nies.

the student applies 
the bird protection 
legislation, the re-
quirements of elec-
trical distribution 
companies but also 
meets other ques-
tions of SDG 15. 

Pro ject  docu-
ment

Critical thinking 
competence.

Know and criti-
cally analyse the 
positions of the 
electrical com-
panies regarding 
the SDGs and 
propose  your 
own persona l 
posit ioning as 
line designer.

t h e  s t u d e n t s 
make a list of the 
activities of the 
distribution com-
panies for the 
SDG 15

After making the 
list of activities 
of distribution 
companies the 
student ques-
tions the quality 
of the actions of 
the companies 
with respect to 
SDG15

T h e  s t u d e n t 
knows and values 
the actions of the 
companies with 
respect to SDG 
15 and adopts his 
own speech re-
garding his own 
actions in sustain-
ability.

Personal Reflec-
tion 

Co l l abo ra t ion 
competence

Learn from other 
team members 
and collaborate 
with the team to 
get to do a via-
ble project, over-
coming conflicts 
and  d i f fe ren t 
points of view.

The student does 
his part of the 
work and does 
not consider the 
contributions of 
the rest of the 
mates

The student is re-
sponsible for his/
her own learn-
ing and learn 
from others but 
doesn’t teach 

The student is re-
sponsible for his/
her own learning 
and helps their 
team mates to 
learn.

Coevaluation

The student is 
not respectful of 
the opinions of 
others and tries 
to impose his vi-
sion

The student is 
respectful of the 
opinions of the 
rest but makes 
no effort to reach 
agreements or 
solve the prob-
lems that arise

The student is re-
spectful with the 
opinions of the 
rest of the group 
members, listens 
actively and tries 
to reach agree-
ments
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ABSTRACT

An attempt to introduce competences related to Sustainable Development Goals 
has been carried out in two materials engineering courses of an engineering degree. As 
part of the tasks in the semester, students worked in a problem-based learning activity. 
Mobile telephones and electric car were the core of the activities. Aside from the spe-
cific and soft skills described on the course guides, some points as raw critical materi-
als, extreme conditions to extract some metals, the necessary use of hazardous materi-
als and the environmental impact of consuming society where highlighted. Personal and 
common reflection on Sustainable Development Goals and the impact of technology and 
massive consume on them were promoted.

Introduction

The role of the University in society needs to adopt the changes that have taken place 
in the world over the past few decades. Kliksberg [1] states that “the University of the 21st 
century, the century of great technological opportunities, but at the same time of unaccept-
able social poverty and suffering, must reform itself technologically to become the basis for 
progress, but above all it must renovate its social responsibilities in order to be more than 
ever a reference in the construction of peace and justice for ordinary people”. Regarding to 
university accountability on the formative process, the author indicates that “the university 
should prepare economists, administrators, doctors, lawyers, engineers and specialists in all 
fields, with a solid grounding in responsibility so that they can make decisions on the ethical 
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dilemmas that they face with fundamental moral values and undertake service commitments 
to the weakest”. In the same stream questioning the traditional paradigms are many other 
authors; Gasco-Pliego et al. [2], who demand professionals with a sense of social responsi-
bility that questions economic rationality, competition without limit, and exacerbated self-
interest, instead of promoting values such as solidarity, cooperation, equality, and mutual 
respect; Martínez [3] proposes that universities should become places for the transforma-
tion of people and society, enabling young people to acquire the competencies that citizens 
need to live sustainably, at personal, professional, and community levels. The definition of 
the University Social Responsibility proposed by Vallaeys [4] address concepts such as sus-
tainability, equality, inclusion, gender or responsibility as part of the formative process and 
no longer belong exclusively to the personal sphere but also fall within the formative facet 
of the social impact of universities. Then, the traditional role of universities as places for the 
creation and transmission of knowledge has become obsolete and their place in the society 
of the 21st century has yet to be refined. In this context, the University of the Basque Coun-
try has the capacity to make a critical and constructive contribution to sustainable develop-
ment and so do taking on the challenge of Sustainable Development Goals.

In a previous study, we found that active pedagogies as a project or problem-based 
learning were particularly successful in teaching core courses [5], which enables teachers to 
work effectively not only on specific competencies but also on the so-called soft skills with 
good acceptance by all the agents involved [6].

In this work, we present an experience carried out in two courses of an engineering de-
gree. We took advantage of the particular circumstances of the small size of the groups of 
students to apply problem-based learning pedagogy and introduce teaching for sustainabil-
ity competencies.

The Experience

This experience has been carried out in two 4.5 ECTS credits courses, Materials Man-
ufacturing and Engineering of Alloys, both included in the curricula of the 4 years degree 
Mining Technologies Engineering and Energy. Since the third year forward, students choose 
their minor in Energy or in Mining Technologies. The course Materials Manufacturing is man-
datory in the third year for students following the Mining Technologies minor and the course 
Engineering of Alloys is optative for both in the fourth year but for many years only students 
in the Energy minor choose it. Aside from these two courses, the background of all the stu-
dents in materials engineering reduces to one common course (Materials Science) followed 
in the second year. 

The degree in Mining Technologies Engineering and Energy has been lowering the 
number of inscriptions year by year, due to structural and temporary economic/industry is-
sues in the country and, particularly, in the region. The actual inscription this year (2018-
2019) was 3 students in the Materials Manufacturing course and 4 students in the Engineer-
ing of Alloy’s course. That situation allows teaching differently from traditional speeches and 
so was done. Several visits to manufacturing plants, like glass bottles, polymer parts, iron 
casting, steel making and stone quarry were organized. Taking advantage of the number 
of students enrolled in the two courses, they visited the factories together. As part of the 
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objectives of the courses, they learnt about industrial processes, equipment, maintenance 
tasks, regulation, standards etc. Aside from that, they were encouraged to gather informa-
tion about sustainability policies applied in each factory, not only the environmental but 
family, gender, social responsibility policies and others. To work at the classroom a prob-
lem-based learning activity was proposed. Students enrolled in the Manufacturing Materi-
als course had to study the problem of mobile telephone waste. They had to put particular 
attention into addressing materials in telephone parts and their manufacturing processes. 
Students enrolled at Engineering of Alloys studied the sustainable impact of the automo-
tive transport transformation from gas-powered cars into electric-powered cars. Regarding 
the objectives of the course, students had to focus into alloys, differences among grades 
of steels used to build the car body and gear parts, cast alloys for engines and materials re-
lated to the car battery. In order to provide some guidance and methodology to assess the 
impact of the e-car development, students were suggested to read the white paper by Mike 
Ashby “Assessing Sustainable Developments: a summary” [7]. 

To address Sustainable Development Goals into the problems, the students dedicated 
the first lesson to read about it. During the semester they should select no less than 2 Goals 
which in their opinion were somehow related to the problems they were working on. As 
guidance, some suggestions were highlighted on raw critical materials. At the beginning 
and at the end of the experience students were required to make their own reflexion on 
some topics related to SDG.

Results

From the teachers’ point of view, it was necessary to define competencies related to 
Sustainable Development Goals (SDG-C). What we defined were:

SDG C-1: To acquire the capacity to do the right analysis of the impact of their deci-
sions regarding the efficient use of raw materials, particularly raw critical materials.

SDG C-2: To acquire the capacity to assess the impact and opportunity to apply the ba-
sic recycling principles: Reduce, Reuse, Recycle. 

SDG C-3: To acquire the capacity to assess the impact of their decisions in third coun-
tries, in their labour markets, social justice, etc.

SDG C-4: To be competent in critical thinking when searching for information

Students worked autonomously during the semester with a weekly supervised session of 
3 hours. After a first analysis of the problem in common, they organized the work, assigned 
tasks, made the planification along the semester and created a common place to share in-
formation and documents. Weekly they reported a summary of the group progress in a kind 
of meeting minutes template. Access to CES EduPack and its tool EcoAudit was provided to 
perform the Life Cycle Analysis (LCA).

Case 1. Manufacturing Materials course, 3rd year. The weight of the activity in the fi-
nal mark was 60% as the course also includes construction materials, out of the scope of 
the problem. Students decided to study the electronic waste problem, its statistics and 
historical evolution and the impact of mobile telephones on it in the last decades. After-
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wards, they choose one commercial terminal and searched for all the materials involved in 
manufacture. Using CES EduPack they learnt about primary production processes and re-
cycling of materials as alternatives and performed the LCA. They realized of so many ma-
terials take part in this small, light and complex devices, and the difficulty of the proper 
recycling of all materials at the end of life. Aside from technical aspects, students learnt 
other things; the importance of being critical with the huge amount of information avail-
able at internet, the difficulty of gathering information from some countries or the amaz-
ing numbers that describe the disposal of mobile terminals daily in the world. They also 
search for information about the problem surrounding coltan extraction in RD Congo. Fi-
nally, students made a personal reflection on the impact of technology and massive con-
sume in Sustainability.

Case 2. Engineering of Alloy’s course, 4th year. The weight of the activity in the fi-
nal mark was 100% because it gives the chance to cover the objectives of the course de-
scribed in the guide. Students decided to make a comparative study of two cars and seek in 
the market a brand offering the same model gas and electric powered. They had to search 
into differences in mechanics of both cars and the resulting equality and differences in their 
parts. They also searched materials used, different steel grades, cast and wrought aluminium 
alloys, magnesium alloys and alloys being part of the battery. They learnt the manufacturing 
processes of materials for the automotive industry and performed the LCA for both cars. In 
order to assess the impact of e-car, the followed the five-step methodology proposed by 
Ashby: problem definition, identify stakeholders and their concerns, fact-finding, synthesis 
and reflection. Each of these steps made students (and me) facing new points of view of sus-
tainable developments and realize that critical thinking is necessary before making any deci-
sion. Similarly to the other group, they search for information about cobalt condition as one 
of the critical and strategic materials and human problems surrounding the extraction from 
mines in RD Congo. They also faced the importance and difficulties coming from conflict of 
interests and how to affect political policies.

SDG number 8 “Promote sustained, inclusive and sustainable economic growth, full 
and productive employment and decent work for all” and number 12 “Ensure sustainable 
consumption and production patterns” were agreed by all students as the objectives related 
with their work.

Conclusions

Competencies of Sustainability can be achieved by students enrolled in engineering 
studies. Courses related to materials science and engineering are a good opportunity to 
work SDG related competencies. And so would do other courses in engineering studies. 
The interdisciplinary common framework would be desirable in order to work together given 
a big picture to students on these competencies.

In this work, two problem-based learning activities were defined to allow students ac-
quiring technical, professional and sustainability competencies simultaneously. While teach-
ers perform the activities, a balance must be accomplished on how to guide students in their 
semester planification. The lack of time makes difficult to cover completely the technical ob-
jectives of the course worked in the guides, but in our opinion results make it worth. Due to 
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autonomous learning, what students learnt about materials and processes remains longer. 
And personal and group reflections on sustainability values are successfully promoted.
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ABSTRACT

We have studied the changes in materials and parts due to e-car development and 
we have also assessed the sustainability of the transition to electric car mobility. Nowa-
days the mainstream pushes to change automobile customers’ habits to buy electric cars 
but before making a decision, critical thinking and professional assessment should be ac-
complished.

Introduction

The first day of class in the course Alloys Engineering, during the presentation the 
teacher proposed us to learn in a different way. Those two first hours she talked about Glo-
bal Sustainability and Sustainable Development Goals and she instructed us in the use of 
CES EduPack software, particularly materials properties related to embodied energy, the 
EcoAudit tool to perform Life Cycle Analysis (LCA) and some white papers that explained 
how analyze and assess the impact of new technological developments following a five 
steps methodology [1-2]. Afterwards, the teacher suggested us to work differently, accom-
plishing the analysis of the impact in sustainability of the electric car; a tool to work simulta-
neously competencies related the contents of the course and to sustainability. The proposal 
was challenging and we accepted immediately.
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Then in this course, we have analyzed the technical modifications developed for e-
cars by comparison of two models of the same brand, one e-powered and the other gaso-
line-powered. We have also studied the impact in sustainability, including a Life Cycle 
Analysis of both cases and thought about which of the Sustainable Developments Goals 
would be affected by this development. The substitution of combustion engine by elec-
tric engine requires important modifications in the car, among them the use of critical and 
conflict materials, high capacity batteries or magnets with good performance. Moreover, 
the environmental impact of original source for the energy used in e-cars must be taken 
into consideration. Then a serious reflection on the actual impact in sustainability becomes 
necessary. 

Aside from technical and sustainability related competencies we worked other soft skills. 
We worked in group, at the classroom supervised by the teacher and autonomously outside; 
we learnt to seek reliable sources for gathering information and to have critical thinking that 
allowed distinguishing facts from marketing; we had to improve languages skills because 
most information was in English, etc. To present our final report we created a game.

The Case

We started the work by reading the paper from Ashby on “Assessing the Sustainable 
Developments Impact” in order to learn how to apply his five steps methodology to assess 
the impact of electric transport transition in sustainability. The first task was to seek in in-
ternet a proper case to study, i.e., a car for which technical information of the electric and 
combustion models were available; and decided to use the Golf model manufactured by 
Volkswagen. 

To manage the project tasks and schedule and to supervise a proper progress we 
chose the team leader. He was in charge of supervising that all the tasks were accomplished 
on time, writing the minutes of our meetings and contacting with the teacher when it was 
necessary. We also created an online common place to communicate, work and share infor-
mation.

Afterwards we identified the following tasks to complete our case: learn how the elec-
tric car moves; find out technical differences between both cars; identify the metallic materi-
als involved in both models; understand the existence of differences and trends in materials 
and processes due to weight difference among the two models; learn how batteries per-
formance is calculated and the last advances in the field; and learn about magnetic prop-
erties of materials and their influence in the performance of the electric engine. Aside from 
those, we learnt how to perform a basic LCA of a product and we carried it out for the both 
models studied. We also researched who stakeholders involved in transition to electric mo-
bility are, what the environmental impact of different sources of electric energy is and we 
tried to find information about the electric infrastructure necessary to support thousands of 
cars charging batteries simultaneously. Finally, we reviewed the European and National leg-
islation affecting transition to electric mobility and we accessed to SDG website [3] and de-
cided which of the goals are connected with our case.
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Results

We studied the main differences between the two cars. The explosion engine makes 
the pistons move up down and the movement is transmitted to wheels. This process pro-
duces in several steps and as much as 80 % of energy can be lost. In electric cars the energy 
stored in the battery is converted into mechanic energy by means of magnets, what makes 
the engine move in a simpler way, improving efficiency significantly. These magnets contain 
rare earth metals (neodymium or samarium), critical materials whose performance depend 
on the coercive force (A/m) and remanent induction (T) of the materials. We also learnt that 
batteries include toxic metals as cadmium or lead and critical materials as lithium or cobalt. 
Batteries overall performance are assessed using different features, specific energy (MJ/
kg), specific power (W/kg), cost, expected life, safety and performance. Currently, batteries 
base on Lithium Nickel Manganese Cobalt oxide show the best balance among all features. 
We also learnt that most cobalt mines are in RD of Congo and the ore extraction is source 
of human conflicts and abuses, directly related to SDG. The use of batteries increases the 
weight of the car about 15%. This creates an opportunity for steelmakers and car body mak-
ers for the development of new steels and processes that could allow reducing parts thick-
ness. Nowadays, hot stamping processes are being used to shape car body parts on several 
generations of low alloy steels of high and ultrahigh resistance, dual phase or TRIP steels. 
Finally, the amount of cooper is much higher in electric car. Aside from those differences, 
both cars are mostly similar.

To compare the LCA of both cars we used a list of materials based in other works [1] 
that contain all the common materials used (metallic, plastic, elastomer and textile mate-
rials). We stablished a life duration of 10 years and 15K km per year. We found that when 
electric energy comes from Europe (averaged sources) reduction in emissions are of about 
25% (CO2 footprint, kg). When the estimation is performed with electric energy coming 
from Norway, the reduction raises up to 55%. This difference is due to the source of energy, 
mostly green in that country. But this analysis is incomplete; aside from that, it is necessary 
to take into consideration new metals contained in batteries and magnets. Some news and 
articles published by the European Environmental Agency [4] estimate an increase from 30% 
to 100% the environmental impact associated to materials and manufacturing processes in 
the electric car, but we were not able to find information to contrast this fact.

Finally, we identified stakeholders and their interest in the transition to electric mobil-
ity. Cars and battery manufacturers, governments (defending the interest of citizens as noise 
level, air quality, environmental care…. and promoting policies as diesel ban, e-car sub-
sides….), labor unions (defending workload rights, training in new technologies), green lob-
bies and green activist. Each of them has interest and influence in the transition process and 
interact in many directions.

There were two points we wanted to highlight. We did not find reliable information 
about what happens when batteries reach end of life, secondary use is always an option but 
when it is not, recycle becomes necessary and there is not enough information of the proc-
ess. Second we found lack of information about the electric infrastructure that would be nec-
essary to provide good service for a massive transition to electric car; what would happen 
to the electric network at peak times when thousands of customers try simultaneously to 
charge their batteries.
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To present our final report we made a game with two legs. In first leg, players have to 
locate stakeholders’ cards in a stakeholder board, i.e., a chart with two axes, one represent-
ing stakeholders’ interest (from low to high), and the other their power and influence(from 
low to high too). Players think about it and discuss the best place to locate the cards and 
add single headed and two headed arrows resembling interactions among them. In the sec-
ond leg, players are provided with kind of comic bubbles containing facts related to the 
e-car development and a board representing a road to future; on the roadsides there are 
many road signals, red circles meaning “prohibition”, red hexagons meaning “stop”, blue 
rectangles meaning “recommendation” and red triangles meaning “danger”. Players have 
to assign a type of signal to each fact and justify the decision.

Conclusions

Transition to electric mobility is mainstream in news and social networks. But before 
making a decision some point have to be regarded. First technology is new and in our opin-
ion it is always better to wait for second or third evolution. Second, some of the metals in-
volved in electric car technology are critical and, even more, cobalt is a conflict metal. The 
impact in SDG 8, 11, 12 and 13 must be taken into account. Third, effective batteries recy-
cling is still under study. Fourth, despite de new advances in charging batteries types and 
modes (speed, connectivity to recharging infrastructure), the current infrastructures are not 
ready to charge thousands of vehicles simultaneously. Fifth, while the sources of energy re-
mains mostly no green, the positive impact in terms of CO2 footprint are possibly balanced 
by the impact of using more contaminant metals. We concluded it is not easy to make that 
decision, gather reliable information and critical thinking are absolutely necessary.

Aside from that, we want to say that when enrolling the course we actually expected to 
learn more about engineering of metal alloys. It was not so but we have learnt other inter-
esting things about materials, mostly magnetic properties, uses for rare earth metals and we 
have acquired competencies related to sustainability.
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Introduction

This paper shows a first approach to the inclusion of Sustainable Development (SD) in the 
degree of Electrical Engineering at the University of the Basque Country. It is not only a inclu-
sion of learning content about SD in the degree’s subjects, it also inserts the model of Educa-
tion for Sustainable Development (ESD) to advance in the transformational objective that the 
model pursues, so that future Engineers leaving university possess the necessary skills to incor-
porate the sustainable development in their designs and daily practices in the area of ​​Electri-
cal Engineering. In this first approach some modules are included throughout the training pro-
gram to work in different subjects some Sustainable Development Goals (SDG) linked to the 
contents of these subjects. The SD has been included in a transversal way so that the students 
do not perceive it as something added to the contents and procedures of the degree, but as 
another element of their formative path. Likewise, the model that is presented, has the partic-
ularity of incorporating the concepts of the SD through the SDGs that act as a common thread 
and give an integrating sense to the procedures and learning contents. 

The Sustainable Development Goals and Education for Sustainable 
Development

The 2030 Agenda for Sustainable Development (2015) sets the 17 Sustainable Develop-
ment Goals (SDGs) to be achieved by the 2030 year. These objectives are defined as follows 
in UNESCOb, (2017, p.6)
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The SDG address a range of social needs including education, health, social protection and 
job opportunities while tackling climate change and environmental protection. The SDGs ad-
dress key systemic barriers to sustainable development such as inequality, unsustainable con-
sumption patterns, weak institutional capacity and environmental degradation.

To achieve the SDGs education is a fundamental tool, and due to the transformational 
nature of the pursued objectives UNESCO itself proposes the use of the Education for Sus-
tainable Development (ESD) model to promote the SDGs, arguing that the ESD model “em-
powers learners to take informed decisions and responsible actions for environmental integ-
rity, economic viability and a just society for present and future generations…” (UNESCOb, 
2017 p. 7)

ESD is a holistic and transformative educational model that defines not only the learn-
ing contents or learning outcomes, but also two other dimensions: the approaches and the 
learning environment that should be employed, and the social transformation dimension 
(UNESCOa p. 12). The four dimensions of the ESD are shown in figure 1 in a graphic.

Besides, UNESCO in the document Education for Sustainable Development Goals pro-
poses the key competences necessary to develop the Sustainable Development Objec-
tives. These are a set of generic skills that can be used in any context and educational level, 
key competences are shown in Table 1. But it also in the same document a series of specific 
learning objectives for each SDGs are proposed. This document is the basis used to design 
the inclusion of Sustainable Development in the Electrical Engineering degree described in 
this paper.

Figure 1.  Dimensions of ESD (adapted from UNESCOa, 2014, p12)
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Table 1.  ESD’s key competences for the development of SDG (in UNESCOb, 2017 p. 11)

ESD-1 Systems thinking competency: the abilities to recognize and understand relationships; to an-
alyse complex systems; to think of how systems are embedded within different domains and differ-
ent scales; and to deal with uncertainty.

ESD-2 Anticipatory competency: the abilities to understand and evaluate multiple futures – possi-
ble, probable and desirable; to create one’s own visions for the future; to apply the precautionary 
principle; to assess the consequences of actions; and to deal with risks and changes

ESD-3 Normative competency: the abilities to understand and reflect on the norms and values that 
underlie one’s actions; and to negotiate sustainability values, principles, goals, and targets, in a con-
text of conflicts of interests and trade-offs, uncertain knowledge and contradictions.

ESD-4 Strategic competency: the abilities to collectively develop and implement innovative actions 
that further sustainability at the local level and further afield.

ESD-5 Collaboration competency: the abilities to learn from others; to understand and respect the 
needs, perspectives and actions of others (empathy); to understand, relate to and be sensitive to 
others (empathic leadership); to deal with conflicts in a group; and to facilitate collaborative and par-
ticipatory problem solving.

ESD-6 Critical thinking competency: the ability to question norms, practices and opinions; to reflect 
on own one’s values, perceptions and actions; and to take a position in the sustainability discourse.

ESD-7 Self-awareness competency: the ability to reflect on one’s own role in the local community 
and (global) society; to continually evaluate and further motivate one’s actions; and to deal with 
one’s feelings and desires.

ESD-8 Integrated problem-solving competency: the overarching ability to apply different problem-
solving frameworks to complex sustainability problems and develop viable, inclusive and equitable 
solution options that promote sustainable development, integrating the above-mentioned compe-
tences

Introducing sustainability in the Electrical Engineering Degree

The insertion of Sustainable Development (SD) in the university curriculum can be done 
in different ways, one of the ways is to include specific subjects on sustainability. However, 
some authors like Kaurd Anand, Bisaillon and Ben Amor (2016) defend the introduction of 
sustainability concepts throughout the curriculum so that it should be treated as another el-
ement of the formative path and not as an added subject. As Murga-Menoyo (2010) points 
out, it is not so much about broadening learning content, as it is about rethinking, integrat-
ing and transforming teaching, and orienting it toward sustainability.

In this particular case the transversal inclusion model has been adopted. Another ele-
ment of this design is the use of SDGs as guideline. The use of SDGs has been chosen to 
students acquire a comprehensive vision of all the aspects covered by Sustainable Develop-
ment and to give coherence to sustainability training. 

One of the problems that can arise when integrating Sustainable Development into uni-
versity curricula is to include, within the syllabus of each subject activities or topics related 
to the Sustainable Development. However, at this time, the opportunities to include content 
linked to the SDGs in the Electrical Engineering degree is not a problem, since many tech-
nologies are currently being developed that pursue precisely to minimize environmental im-
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pact, reduce electrical consumption and improve the effectiveness of electrical installations 
and devices. For example: the development of electric mobility, the integration of renew-
able energies in the electrical system, the management of electricity consumption and im-
proving the efficiency of the network through smart grids, the efficiency of lighting systems 
and the installations of Low voltage, design and development of efficient electric machines, 
etc.

As has been commented above ESD is more than a mere definition of learning con-
tents, the pedagogy and learning environment is defined as another of the dimensions of 
the ESD. The most appropriate approach is claimed as an active one, centred on students 
(see figure 1). In this regard it should be noted that the UPV / EHU promotes the use of a 
teaching-learning model which incises to focus learning on the student in an active process, 
thereby aligned with ESD. 

Another key element in the inclusion of SD are the generic competences defined in the 
syllabus of Electrical Engineering degree, as there must be alinement between them and 
key ESD competences. Taking into account the SDGs chosen for this first approach of inclu-
sion of the DS in the Electrical Engineering curriculum and after chequing the syllabus three 
generic competences has been chosen. Table 2 shows these generic competences and their 
correspondent key competences of ESD. 

Table 2.  Association between the competences  
of the ESD and the generic competences of the degree

Key competences of ESD Electrical Engineering degree’s Generic competences

ESD-5 Collaboration competency C.14. Work effectively in a group integrating skills and knowl-
edge to make decisions in the field of industrial engineering, 
electrical specialty

ESD-6 Critical thinking competency C.7. Ability to analyze and assess the social and environmental 
impact of technical solutions.

ESD-8 Integrated problem-solving 
competency

C.4. Ability to solve problems with initiative, decision making, 
creativity, critical reasoning and to communicate and transmit 
knowledge, skills and abilities in the field of Industrial Engineer-
ing, specific electrical technology.

Model for the insertion of the SD in the Electrical Engineering curriculum

The model for the insertion of the DS in the Electrical Engineering curriculum has been 
made taking into account: the generic skills of the degree, the competences of the ESD and 
the SDGs. It also includes the level of achievement of the ESD from I to III, which will be 
evaluated with rubrics of three levels of achievement. In this first design the SDGs selected 
in the different modules are 12 (Responsible Consumption and Production), 3 (Good Health 
and Well-being), 11 (Sustainable Cities and Communities), 15 (Life on Land) and 7(Affordable 
and Clean Energy), which have been selected for their link to each subject. 15 modules have 
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been designed that will be developed in 5 subjects of the degree. The level of achievement 
of the ESD competences have been assigned according to the learning outcomes pursued 
and the course. In table 3 the model is summarized.

Table 3.  Description of the modules deployed in Electrical Engineering subjects 

Subject 
(curse)

SDG Modules Activities

ESD 
Competences  
(achievement 

level)

Learning 
outcomes  linked 

to SD 

Power lines 
and systems 
(3º)

15 Birdlife protection Carry out a project 
of an overhead line 
modifying poles to 
protect birdlife

ESD-5 (II)

ESD-8 (II)

Know the impact 
that the OLs have 
on the birdlife and 
establish correc-
tive procedures.

15 Electric power trans-
port lines

Analyze the environ-
mental, economic 
and social impact of 
the construction of a 
power line

ESD-6 (II) A rgue  aga ins t 
p rac t i ces  tha t 
cause biodiversity 
loss and establish 
corrective meas-
ures.

Low and Me-
dium Voltage 
Installations 
(3rd)

11 Lighting calcula-
tions

Inclusion of energy 
saving criteria and 
regulations for in-
terior and exterior 
lighting

ESD-5 (I)

ESD-6 (I)

Include environ-
mental require-
ments and under-
stand the needed 
changes to do 
sustainable light-
ings.

Simulat ions 
and tests with 
electrical ma-
chines (4th)

7 Modeling and sim-
ulation of electric 
power systems with 
different sources 
(electrical machines)

Carry out simula-
tions to optimize the 
use of machines with 
sustainability criteria 
based on the appli-
cation of renewable 
sources

EDS-6 (III) Analyze electric 
power systems by 
applying different 
scenarios with re-
newable sources 
and assess the im-
pact of the use of 
these sources.) 

12 Modeling and sim-
ulation of electri-
cal machines appli-
cations in electrical 
power systems

Develop guidelines 
for the redesign of 
machines in order 
to reduce the con-
sumption of energy 
originated during its 
operation and re-
duce the environ-
mental impact and 
apply them in the 
modeling / simula-
tion

EDS-6 (III)

EDS-8 (II)

Evaluate the im-
pact of machine 
design and ana-
lyze the effects of 
the development 
of machinery re-
design guidelines 
using sustainabil-
ity criteria
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Subject 
(curse)

SDG Modules Activities

ESD 
Competences  
(achievement 

level)

Learning 
outcomes  linked 

to SD 

Cont ro l  o f 
electric ma-
chines and 
drivers (3rd)

12 Electrical systems 
based on  e lec -
tric motors, electric 
drives and machine 
control.

Design of electri-
cal systems based 
on electric motors 
through the appli-
cation of electrical 
drives and control 
of machines apply-
ing energy efficiency 
measures with the 
aim of obtaining an 
environmental im-
provement

EDS-5 (II)

EDS-6 (II)

EDS-8 (III)

Perform designs 
of electrical sys-
tems applying the 
guidelines and cri-
teria necessary to 
achieve improve-
ments based on 
energy efficiency.

12 Electrical systems 
based on  e lec -
tric motors, electric 
drives and machine 
control.

Design energy im-
provement strate-
gies with a scope in 
the reduction of en-
ergy consumption 
and electrical sys-
tems material based 
on electric motors 
and develop the 
guidelines for the re-
design of those sys-
tems.

EDS-5 (II)

EDS-6 (II)

EDS-8 (II)

Identify the guide-
lines to apply in 
electrical systems 
with the aim of 
reducing energy 
and material con-
sumption.

Electric Ma-
chines

3 Safety and risk re-
duction in the use 
of electrical ma-
chines

C o m p r e h e n s i v e 
analysis of electri-
cal machines for a 
design focused on 
safety and minimiza-
tion of risks for peo-
ple and the envi-
ronment (during its 
construction, life and 
withdrawal).

ESD-5 (I)

ESD-6 (I)

Identify the risks 
in the people’s 
safety and the en-
vironmental im-
pact of electric 
machines in their 
integral cycle

12 High performance 
motors

Study of electric mo-
tors from a energetic 
efficiency perspec-
tive 

ESD-5 (I)

ESD-6 (I)

Integrate energy 
efficiency crite-
ria in the design 
and application of 
electric motors

11 Electric motors for 
a change in the mo-
bility model

Study of the motors 
specially adapted to 
their use in traction 
and electric vehicles. 
Comparison with the 
explosion engines.

ESD-5 (I)

ESD-6 (I)

Know the current 
state of technol-
ogy, future per-
spec t i ves  and 
compare the per-
formance of the 
electric motor and 
combustion
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Introduction

This work aims to show the progress of the teaching methodology on environmental 
protection and the main effects it has had on the consciousness of students from primary 
education to higher education.

The issuance of regulations in the area of ​​the environment in Costa Rica derives from 
the commitments that our country has assumed with greater force since 1992, the year in 
which the Rio Conference was held. The promotion of Costa Rica as a nation that protects 
its natural resources is part of a strategy to offer our territory as a destination for naturalis-
tic tourism. Environmental education is a field of work that, in Costa Rica, developed more 
strongly since the nineties. The center of the activity developed by teachers in this area of ​​
studies has to do with the development of awareness and sensitivity in students, regard-
ing the use, care and preservation of the environment. Emphasis is placed on attitudinal 
changes rather than unrestricted content evaluation. In the aforementioned period of time, 
Costa Rica has experienced a growing formation of non-governmental organizations that in-
corporate environmental education actions into their work. In addition to informative cam-
paigns, preparation of didactic materials, research activities and incursions within the com-
munities in environmental matters [1].

Environmental education is an educational proposal that opts to be political, critical and 
transformative, therefore, it finds in these contributions a rich source of knowledge that it is 
still necessary to deepen, assimilate and prove with community ecopedagogic experiences, 

mailto:bryanmoncada25@gmail.com
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in search of a better understanding and appreciation of the interrelationships of human be-
ings with the environment [2].

It is necessary to face the magnitude of the environmental problems from a historical-
political and philosophical perspective that allow you to clarify the structural factors with 
which you are working; must analyze the collective role of the recipients of environmental 
education and their possibilities for emancipation and influence in their environment; and 
it needs to delineate with certain clarity the foundations and educational, pedagogical and 
communicational models with which he works [3].

Environmental education is conceived as an inherent process in any educational space, 
leading to the formation of people awake to their reality and aware that they belong to a 
global ecological system, governed by a series of laws and principles that must be known 
and above all, be respected to guarantee life itself "[4].

Today humanity uses the equivalent of 1.4 planets every year. This means that it now takes 
a year and five months for the earth to regenerate what humans use in a year. The panoramas 
established by the United Nations suggest that if current trends in population and consumption 
continue in the next decade, we will need the equivalent of two lands. Turning resources into 
waste, faster than the time needed for waste to become resources, will produce a global eco-
logical deficit, thus depleting resources on which human life and biodiversity depend [5].

Results and analysis 

One of the most important conclusions of many of these studies is the fact that the con-
servation of biodiversity has a high degree of dependence on the acceptance and support 
provided by society and the group of human beings that comprise it. Thus, it becomes evi-
dent the importance that people have to know and appreciate its value, counting on the in-
formation and the adequate tools to carry out individual and group actions in favor of its 
preservation and mobilize individually and collectively as shown in figure 1 where Primary 
school children learn the value of protecting nature by example.

Figure 1.  Children of primary education in environmental conservation class [6]
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But in addition to this they must have the power to make decisions and adequate in-
struments to turn negative manifestations into positive situations for the preservation of 
life on the planet. The previous reflections give a deep meaning to the environmental con-
science so that it is appropriate for the people and groups or social actors that make up 
a specific country or society. In this sense, environmental awareness takes a transcendent 
place in the application of the environmental policy of a country and ceases to be an acces-
sory manifestation. Having a deep environmental awareness in the population, constitutes a 
fundamental wealth that goes beyond the reception of certain economic incentives to pro-
duce specific environmental results.

In a consistent way, the surveys show that people are in favor of the conservation of na-
ture, that the deterioration of nature is a serious problem and that it thinks that something 
should be done about it, with urgency. It is a subject that has become a matter of concern 
for society as a whole and has ceased to be an exclusive thought of certain minority intellec-
tual groups. The production and dissemination of scientific knowledge, and the special role 
in ecology, makes more and more people aware of the high human impact on the natural 
systems of the planet and the need to do something to control and reduce it.

An activity of great importance in the process of forming environmental awareness, as a 
social phenomenon, has been scientific and documentary dissemination through television, 
film, the Internet, radio and so-called “social networks”. At present, the citizen handles a 
wide range of information from different sources and perspectives on the environmental is-
sue, but also perceives the negative aspects of its management, especially those related to 
the contamination of water sources and their environment, global warming and to a lesser 
extent the effects on the reduction of biodiversity. Citizens’ environmental opinion is more 
advanced than its consequent practices. This raises the need to find some valid explanations 
about this discrepancy between thought and action, to achieve a more complete approach 
to the phenomenon of environmental awareness.

Environmental awareness in Costa Rica is a pro environmental behavior, can be defined 
as that action that a person performs, either individually or in a collective scenario, in favor 
of the conservation of natural resources and aimed at obtaining a better quality of the envi-
ronment, being these actions of deliberate and competent nature and forming part of a life-
style, implying previous intention to make them. The determination of pro environmental 
action can be made taking into account two dimensions: the difficulty of the conduct devel-
opment and the private or public nature of the behavior.

Thus, in the Ministry of Public Education of Costa Rica, MEP, environmental education 
is nowadays conceived as a component that forms part of the curriculum or educational de-
sign, through the transversal theme “Environmental Culture for Sustainable Development”, 
which allows that the environment be studied in its ecological, sociocultural and economic 
components. The transversality is a pedagogical approach that is related to an education in 
values, as a teaching process with ethical foundation. The purpose of transversality is to de-
velop competences in students, which are defined as an integrated set of knowledge, pro-
cedures, attitudes and values, which allows a satisfactory and autonomous performance 
in concrete situations of personal and social life. Although the competences are the same 
throughout the educational system, they must be developed in complexity and magni-
tude according to the social, physical and emotional characteristics of children and adoles-
cents [7].
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The competences developed on the transversal theme “Environmental Culture for Sus-
tainable Development” in the students are the following:

•	 Apply the knowledge acquired through critical and reflective processes of reality, in 
the resolution of problems (environmental, economic, social, political, and ethical) 
in a creative way and through attitudes, practices and values ​​that contribute to the 
achievement of sustainable development and better quality of life.

•	 Participates committed, actively and responsibly in projects aimed at conservation, 
recovery and protection of the environment, identifying their main problems and 
needs, generating and developing alternative solutions, to contribute to the improve-
ment of their quality of life, that of others and sustainable development.

•	 Applies harmonious relationships with himself, with others, and other living beings 
through responsible attitudes and attitudes, recognizing the need for interdepend-
ence with the environment

Methodologically, the approach of the transversal theme “Environmental Culture for 
Sustainable Development” must be based on the innovation of didactic resources for the 
formation of skills, values, aptitudes and attitudes that promote responsible behaviors, hab-
its and actions with the environment. The didactic resources are considered as objects that 
allow the construction of knowledge, through the relationship and interaction of teachers 
and students with said objects, within meaningful contexts of learning. It is also important 
that the topic be worked in an interdisciplinary way and in connection with the community, 
through the execution of specific projects for the identification of environmental problems, 
the search for sustainable solutions and the taking of appropriate decisions.

Starting from the consideration that environmental education is an education for discov-
ery and action, it requires teaching methodologies that give equal importance to the analyti-
cal and theoretical approach of the scientific method, than to the more synthetic and practi-
cal approach to problem solving [7].

Conclusions

Environmental education for a sustainable and equitable society is a process of life-
long learning, based on respect for all forms of life. Such education affirms values and ac-
tions that contribute to human and social transformation in order to achieve ecological 
preservation.

Education must be directed towards participation, the development of thought and 
imagination; to foster a creative, critical, supportive attitude and respect for human rights, 
peace, the exercise of democracy and life in general; it must communicate environmental 
values ​​and relate them to the productive characteristics, linking productivity, technological 
innovation, safety, occupational health and relations with the community.

With environmental education, each person and the community must internalize the 
knowledge in relation to environmental problems in such a way that they transform their be-
havior. In order to achieve attitude changes and promote and strengthen values ​​in favor 
of sustainable development, actions should be carried out in an articulated manner, with a 
long-term defined intention. Finally, it is expected that with the Environmental Education in 
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Costa Rica, the citizens execute concrete actions to improve the environment, in a binding 
way with the legislation, the policies, and the measures of control and protection existing 
in the country; where the knowledge, values, behaviors and practical skills acquired for the 
prevention and solution of environmental problems are applied, through effective environ-
mental management initiatives.

Therefore, it is necessary to build a new paradigm of society that puts on equal condi-
tions economic growth, social inclusion, democratic coexistence and the preservation of nat-
ural conditions that allow the permanence of life on earth. This change of paradigm is possi-
ble insofar as important transformations take place in human beings in such a way that they 
reorient their consumption priorities, establish new production mechanisms compatible with 
the logic of nature and the environment, and adopt new forms of consumption and of com-
mercial exchanges. That education, based on logical reasoning and critical thinking. it could 
help to change the utilitarian vision of the environment and adopt new ways of life compat-
ible with its logic and respectful of its intrinsic value. The lack of correspondence between 
the initiatives adopted by most countries regarding the environment, its conservation and 
the adoption of sustainable development strategies, including environmental education; 
and the results that currently exist, could come from the incongruence between these pur-
poses and a dominant economic model focused on obtaining maximum profit and excess 
consumption.
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ABSTRACT

In the course Materials Manufacturing we have studied the problem of mobile tel-
ephone waste. This work was proposed by our teacher; she wanted us to realize of the 
magnitude of the problem and how our consumerism habits impact on it. She always 
wanted to promote reflection on Sustainable Development Goals (SDG).

Introduction

We studied the “mobile telephone waste” case as one of the tasks of the course Ma-
terials Manufacturing. The mobile telephones contain plastics, glass, composites and me-
tallic parts, each of them produced by different processes. Because of that, as the teacher 
pointed out, it is a good example to learn about materials manufacturing. Aside from that, it 
is a product familiar to us, contain some critical and conflict materials and it is a paradigm of 
the current consumerism society and planned obsolescence, features that allow us making a 
reflection on SDG [1].

The first week of the semester we were trained with CES EduPack software [2], a source 
of information of materials properties and manufacturing processes. It also contains a tool 
to perform basic Life Cycle Analysis (LCA), based on information about energy embodied in 
materials manufacturing, energy used to transport from the manufacturing place to the sell-
ing point and energy consumed by the product during its life.
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To accomplish the objectives of the course we analyzed the mobile telephone parts fo-
cused in the materials and their manufacturing processes as well as the environmental im-
pact. Aside from that, we analyzed the problem of electronic waste, its impact in sustain-
ability and SDG. The course guide contents include other topics as they are agglomerate 
materials, machinery and equipment maintenance, then this task weighted the 40% in the 
course mark.

Study of the mobile telephone case

To contextualize the “mobile telephone waste” case, we decided that it was necessary 
to have the big picture of the problem of electric an electronic equipment (EEE) waste, its 
historic evolution and the contribution of mobile telephones to it. After gathering some facts 
that evidence the magnitude of the problem, we started the analysis of the materials and 
their manufacturing processes. We also learnt about the problem related to EEE recycling.

We studied the telephone history and the evolution of materials used, from the Bell’s 
wooden telephone to the last smartphones. When looking through the manufacturing proc-
esses, we focused in the available sources for the materials (raw materials, recycled mate-
rials…) the use of critical or conflict materials, etc. Afterwards we performed basic LCA of 
three telephones; the oldest created more than 100 years ago, the traditional Bakelite tele-
phones used for tens of years at our parent´s homes and a recent model of smartphone. We 
studied and compared the contribution of materials, manufacturing processes and use to 
the overall environmental footprint.

Finally, we made a reflection of the impact of this commodity and our of massive con-
sumerism habits in sustainability, i.e. SDG, the dramatic increase of use and disposal of the 
product in the last years, the big problem associated to recycling of this materials and the 
use of conflict and critical materials.

Results

We learnt that the first facts about EEE waste comes from 1976, barely 50 years ago; it 
means than before then people were not concerned of the problem or were not able to ag-
gregate and/or analyze this type of data. There are six groups of electric and electronic de-
vices included in the concept EEE; telephones belong to the “Small IT and telecommunica-
tion equipment” category. In 2016, 44.7 millions of tons of EEE waste were generated in the 
world [3], which results in 6.6 kg per inhabitant. It represents the 70% of overall toxic waste 
in the world. It should be emphasized the existence of big inequalities among different 
countries around the world. Similarly to other developed countries, in Spain that year each 
inhabitant produced 459kg. of waste, 5% from it (25kg.) was EEE waste.

We found very interesting the development of the telephone, from the first models to 
current commodity, the evolution in product design. The first models developed by Bell 
more than 100 years ago only contained a block of wood for the base and small parts made 
with different metals, iron for the diaphragm, brass for connections, cooper wire to transmit 
the electric signals and isolating materials. A remarkable development occurred in the 20’s 
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when self-dialing telephones came out and polymeric materials as Bakelite started to be in-
dustrially used. This new material allowed making soft and warm surfaces, nice shapes and 
brilliant colors (product design). The next development came from the digital technology 
in the 80’s, the portable telephone. It integrated simultaneously technological and materi-
als developments; electronics came into the product and materials with new capacities were 
required. Since the last 20 years, mobile telephones became universal and almost a staple 
good; evolutions are being continuous until the last revolution, the smartphones, with touch-
able screen functions and incredible connectivity.

We found that manufacturing processes have changed noticeably as well. The first 
models were mostly handmade, wood basement was hand-shaped and metal parts were 
produced by casting or wrought processes. Bakelite telephones introduced the use of pol-
ymers and resin transformation processes (resin molding). New electric capacities required 
new manufacturing processes for metals and alloys. The latest developments come from the 
more complex functionalities provided by modern smartphones, which require dissipative 
uses of many metals. Mobile telephones use more than 20 different metals to achieve differ-
ent functionalities; indium accounts for touchable screens, tantalum for capacitors that con-
trol peaks of heat and prevent damage in the printed-board’s components, etc. Aside from 
that, LCD screens contain glass, covers are made mostly with thermoplastics and printed 
boards are composites made with many layers of different materials (glass fiber, resin, 
cooper layer, etc.). Glass transformation, sand casting, coatings, layer deposition, layer-by-
layer sheet molding, welding and other are the manufacturing processes required to pro-
duce these telephones.

A point we want to highlight is the need of making a good use of the mobile tele-
phones when reach the end of life. The three R rule (reduce, reuse, recycle) should lead the 
customer behavior but is looks far from being so. The current society based on massive con-
sume does not seem to be able to change their habits, particularly in these technological 
gadgets. Recycling EEE waste is a big business and many works have been published on the 
topic [4]. It contains several metals, some are considered hazardous (lead) and others form-
ing part of the circuits could be considered a source of raw materials (“urban mining” of 
copper, gold, zinc, beryllium, tantalum or niobium). Its recovery from EEE waste and particu-
larly from telephones in complex; they come in traces and usually mixed. It still have to deal 
with doing this recovery in an economically viable way. Batteries recycling seem to be a big 
issue but we were not able to fin reliable information on this topic.

We did basic LCA of three telephones. Model by Graham Bell created in 1876, Model 
5522A by Telefónica sold in 1950 contained and Model LG G5 in market in 2016. The con-
tribution of each step to the total footprint is shown in graphics contained in table 1. We 
found out materials use to build each of the models at different sources. For Graham Bell 
telephone we sought at the National Museum of American History [5]: 2 kg of wood, 0.05 kg 
of cast brass, 0.250 kg of wrought iron and 0.1 kg of mica. Materials used in 55222A Tele-
fónica model were found after deep and hard digging in several internet websites and even 
so, our facts are quite approximated: 3 kg bakelite, 0.5 kg of iron alloys, 0.1 kg of cooper al-
loys and 0.5 kg of isolators, textile and others. Finally, the smartphone LG G5 technical infor-
mation provided a full description of all components and their weight, that we organized as 
follows: screen 0.059 kg, battery 0.041 kg, integrated circuits 0.01 kg, printed wiring board 
0.035 kg and several plastics 0.011 kg.

https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Gold
https://en.wikipedia.org/wiki/Zinc
https://en.wikipedia.org/wiki/Beryllium
https://en.wikipedia.org/wiki/Tantalum
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Table 1.  Details of LCA for three representative models of telephone at different time in history

Model

Graham Bell Telefónica 5522A LG G5

Materials

Code colours for 
footprint contributions

Wood, Iron, Brass, 
Isolator

Bakelite, Steel, Cooper/ 
Brass, Isolator

Cover, Battery, small 
integrated circuits, 
PWB, LCD screen

Mass

2.5 kg 4.1 kg 0.160 kg 

Materials

% CO2 footprint

2.1 kg CO2 7.5 kg CO2 12 kg CO2 

Process % CO2 
footprint

0.24 kg CO2
7.2 kg CO2 0.0027 kg CO2

*

Transport % CO2 
footprint ----

0,44 kg CO2 5.5 kg CO2 

Use % CO2 footprint ---- ---- 5.5 kg CO2

Disposal % CO2 
footprint

0.035 kg CO2 0.078 kg CO2 0.0022 kg CO2 

EoL % CO2 footprint 
(potential + effect) ----

1.1 kg CO2 11 kg CO2 

*  for others but are plastics included in materias

*  for 2 years of use, 365 days per year, 4 hours per day
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Figure 1 summarizes the information worked out from the three LCA. The environ-
mental impact associated to materials embodied energy raises dramatically as technology 
progresses. It is clearly due to the use of new and more contaminant materials. The contri-
bution of manufacturing processes in only significant for the 5522A mode. The Bell’s tele-
phone is so basic that its impact is barely noticed and the smartphone is so small compared 
to the others that the impact of manufacturing of single one unit can be discarded, but 
should be noticed that in 2016, 1500 millions of mobile telephones were sold in the world. 
To calculate the impact of transport from manufacturing country to a selling store we as-
sumed that Bell’s telephone were manufactured nearby, 5522A inside a 1000 km ratio and 
the mobile somewhere in China. As consequence, the highest impact by far is for this last 
model. We have regarded that only mobile telephones consume energy while working and 
we did not find reliable facts about recycling as we explained before. 

AS conclusion, the impact of all contributions to environmental impact per telephone 
unit results in 2.4, 15.2 y 24.5 kg of CO2 footprint. As we stated before, in year 2016, 1500 
million of telephones were sold; then the impact of the smartphones manufacturing and use 
in one year can be estimated very roughly as 36.75 billons of kg of CO2 footprint. Just with 
the aim of comparison, the teacher gave us some figures worked out for another group of 
students. A familiar car powered by gasoline, in 1 year and 25000 km produces an impact of 
7000 kg of CO2 footprint. Then 4,5 millon cars, gasoline powered, driven for 25000km gen-
erate the same impact than the 1500 millon of new smartphones manufactured, sold and 
used every year!

Figure 1.  Summary of the three LCA

The potential positive footprint of one smartphone model is of about 11,4 kg of CO2 
footprint (16.5 billons of kg of CO2 footprint generated by the 1500 million produced and 
sold in one year), a reduction close of 50% of the primary use impact. Then the big issue 
is to become this potentiality into true, make the urban mining a source of raw materials. 
Even though, a serious reflection about our consume habits should be done. Finally we want 
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to say that we learnt, and are now concerned, about the problem with coltan ores in RD 
Congo, the human conflict, the illegal extraction and commercialization of coltan and the 
horrible direct consequences to local population and indirectly to global society. SDG have 
a new meaning for us.
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ABSTRACT

By reviewing the inauguration data of universities around the world, it is easy to 
see that access has been very different for men and women. Sometimes, this difference 
is a few decades but centuries in some cases between university inauguration data and 
when, for the first time, a woman in classroom. By checking about pioneer women in 
technology, when compared with first men in technology, the differences are much more 
remarkable. 

Currently, there are men and women in engineering, all over the world, but pop-
ulation data are still far from-peer percentages. From the data collected in a survey 
about the first women graduates in STEAM (Science, Technology, Engineering, Arts-
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Architecture, Math) an animated time line allow to visualize the location of these pi-
oneers over time. With this exercise, it should be possible to visualize how inclusive 
or conservative our universities have been, when compared with its homonyms from 
all over the world. When everything is done, everything is still to be done…

Keywords:  gender gap, equality policies, women pioneer in engineering

RESUMEN

Al revisar los datos de inauguración de las universidades de todo el mundo, es 
fácil ver que el acceso ha sido muy diferente para hombres y mujeres. A veces, esta 
diferencia es, en muchas ocasiones, de algunas décadas, pero en algunos casos han 
pasado siglos entre la fecha de inauguración de la universidad y el momento en que, 
por primera vez, una mujer está en sus aulas. En cuanto a las pioneras de la tecnolo-
gía, al compararlas con los primeros hombres de tecnología, las diferencias son mu-
cho más notables.

Actualmente, hay hombres y mujeres en ingeniería en todo el mundo, pero los da-
tos de población aún están lejos de ser paritarios. A partir de los datos recopilados en 
una encuesta sobre las primeras mujeres graduadas en STEAM (Ciencia, Tecnología, In-
geniería, Diseño-Arquitectura y Matemáticas), una línea temporal animada permite visua-
lizar la ubicación de estas pioneras a lo largo del tiempo. Con este ejercicio, debería ser 
posible visualizar qué tan inclusivas o conservadoras han sido nuestras universidades, en 
comparación con sus homónimas de todo el mundo. Cuando todo está hecho, todo está 
por hacer…

Palabras clave:  brecha de género, políticas de igualdad, pioneras en ingeniería

Introduction

The lack of models is closely related with the lack of vocations. The engineering models 
in textbooks are mostly male, that’s the main reason about traditional loss of female talent, 
since young people surely know hundreds of engineering/technology examples in which 
the role play (those who explain technology, those who have created things and/or patents, 
those who appear in the books, those who tell the history of technology) is carried out by 
men (1-4).

By asking an audience of 10-12 years about what engineering is, more or less ac-
curate answers should be get, but someone always relates engineering to patents and/
or problem solving. In same scenario, by asking the name of an inventor, it is easy to get 
names like Edison, Guttenberg, Franklin, Zuckerberg, Gates, Jobs, etc... They will be more 
or less successful, but usually first name of all provided surnames it’s from a man. By ask-
ing explicitly about a female inventor’s name, Marie Curie will clearly be the winner (and 
then, it’s time to expose the difference between Science and Technology1) and a very 

1  Theodore Von Karman: “Scientists discover the world that exists; engineers create the world that never was.”
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common situation is about they cannot give any female name associated with a patent or 
technological creation.

This is happening in 2019.

In the field of games for children under 15 years old, male models are also common 
and this situation has been tried to regularize in last years. Thus, LEGO® has been introduc-
ing female figures in its games while other brands, such as Playmobil®, have resisted this 
change more, citing “commercial reasons” (Fig. 1).

Figure 1.  Female characters in LEGO® and Playmobil®

5 NASA women in LEGO® characters: from left to 
right, Margaret Hamilton, Katharine Johnson, Sally 

Ride, Nancy Grace Roman y Mae Jemison1.

Playmobil® characters created by TeatroClick as 
a complaint in the absence of female models in 

commercial games2

A case to be highlighted is TimeLine® game, consisting of an activity card set re-
lated to events, inventions or historical topics, among others, in which cards must be 
placed chronologically ordered. In three travel editions shown in Fig. 2, cards with hu-
man representation have been selected, and under each version, how many of the cards 
include an unequivocally female model/figure has been indicated. Optimal case is 5 and 
worst case is 0.

2  https://www.elperiodico.com/es/extra/20170302/lego-homenaje-mujeres-nasa-5871547
3  https://www.playgroundmag.net/now/La_22668234.html
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Figure 2.  Female characters in 3 Timeline® card set travel editions

“Classics” edition card set, in 
which, from 55 cards, only 5 got 

female characters.

“Events” edition card set, in 
which, from 55 cards, only 5 got 

female characters.

“Invention” edition card set, in 
which, from 55 cards, none of 

them got female characters.

In this context, historical Timelines already existing in networks have been consulted, 
and it has been appreciated that the models are mostly male in all cases (Fig. 3).

Figure 3.  Historical characters timeline
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Timeline proposal

By consulting www.histropedia.com website, more than 3000 Timeline based on a multi-
tude of topics have been identified, and in between there is one based on famous scientists, 
mostly formed, again, by male models. (Fig. 4). 

Figure 4.  Timeline of Famous Scientist in which 100% of models are carried out by a man 
(www.histropedia.com)

This website includes a women of science Timeline, that redirects to “women in sci-
ence4” Wikipedia, but none on women of technology (engineering, inventions, patents) has 
been found. Hence, in this work, SHE-TIMELINE development has been proposed, consist-
ing on an interactive timeline in which the names women involved in science and technology 
history, as well as pioneers in technology, from universities around the world (first graduates, 
first full professors, etc.) will be showed.

At the starting point on the search of contents, difficulty of locating that women name 
who should configure this SHE-TEAMLINE, by a conventional search (google, networks, 
even on universities websites), arises as an evidence, since many of these names are not 
known or published. 

That is the reason why a google-form design has been considered5, asking about pio-
neers, inventors and relevant women nominated to be included in SHE-TEAMLINE, and this 
form would be sent to as many universities as possible, all over the world, so that they con-
tribute to give visibility to women from their respective environments.

The form has been prepared in such a way that the results are automatically published 
in a digital version, so that the feedback is immediate and the results of the collaboration 
are appreciated immediately. In all the cases, Wikipedia link of woman character is included 
in timeline (Fig. 5).

4  https://en.wikipedia.org/wiki/Women_in_science
5  https://forms.gle/yTE69ogdm8bN1GTw9

http://www.histropedia.com
https://forms.gle/yTE69ogdm8bN1GTw9
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Figure 5.  SHE-TEAMLINE with link to character Wikipedia

SHE-TIMELINE’s approach is to collect data collaboratively, it means, from the contri-
butions that are incorporated by supporters from anywhere. In order to encourage partici-
pation, it is offered to give visibility to the names of the collaborators, if they adopt a role 
of SHE-TEAMLINE’s ambassadors with different levels (bronze: if they nominate between 1 
and 5 women, silver if they nominate between 6 and 10 women, gold if they nominate be-
tween 10 and 25 women, platinum if they nominate more than 25 women). They can also 
adopt just a collaborator role, if they prefer anonymous collaboration, without their name 
being recorded.

By giving visibility to these women, conveyed message is “women have ALSO been 
important in engineering and technology development”, and “women achievements have 
ALSO been worth noting”, even though their presence have been denied in textbooks and/
or in the relationship of historical figures. With this visibility, in addition to doing justice, to 
attract female talent is pursued, because, until now, any girl who had an interest in a techno-
logical path could only have access to engineering from models of example and/or success 
mostly male (5,6).

The data published in SHE-TIMELINE can be segregated by STEAM areas, or by coun-
tries, or by other topics, and can be used for a variety of purposes, such as for study promo-
tion activities, for gamification or for dissemination.

The main advantage of SHE-TEAMLINE’s “on-line” is the possibility of women contribu-
tion increasing in real time and at any time, without the need to accumulate data for updates. 

Conclusions

The historical invisibility of women of science and technology has been the main reason 
why many generations of women have not considered this option as a possible future life. 
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The subliminal message of this invisibility has been that science, and especially technology, 
was not suitable for women.

By rescuing the names of women who have contributed significantly to current technol-
ogy, in one way or another, it provides, in addition to historical justice, a necessary visibility 
so that they can be part of the examples of future generations.

SHE-TEAMLINE is, in addition to a timeline, a stage from which to put a voice and a 
place in history that, in many cases, up to now, has been denied.
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ABSTRACT

This paper introduces the ongoing Educational Innovation Project (EIP) that is be-
ing carried out at the Faculty of Engineering of Vitoria-Gasteiz (Basque Country Uni-
versity, UPV/EHU, Spain). The proposed project consists in the inclusion of gender 
perspective in several core subjects of the 3rd course of the Degree in Mechanical En-
gineering. For this purpose, each subjects’ competences are classified based on the 
provision and care nature in order to analyse and classify the transversal competences 
and the teaching-learning methodology of each subject. Moreover, visibility is given to 
women who have contributed to the development of theoretical concepts or practical 
methods related to the subjects involved in this study. Finally, mixed working groups 
are created to reinforce the value of diversity of viewpoints and ways of working and 
the influence that different aspects that are studied can have in people are incorpo-
rated in the subjects. 

mailto:saioa.etxebarriab@ehu.eus
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Introduction

The proposed innovation of the project consists in the inclusion of gender perspective 
in several core subjects of the 3rd course of the Degree in Mechanical Engineering at the Fa-
culty of Engineering of Vitoria-Gasteiz, after completing a diagnosis of them. In recent years, 
the analysis of university degrees from a gender perspective, the study of the impact of 
sexism and gender relations in university education have gain a great interest [1], [2], [3], [4]. 
Gender perspective can be define as the study of men and women cultural and social cons-
tructions, which serve to define the masculine and the feminine. This analysis focuses on the 
inequalities between men and women [5]. 

In order to remove any form of discrimination of women, the study and analysis of the 
gender in the superior education system, especially in the most masculinized areas, is indis-
pensable. The contribution of the University is essential to train people who contribute to 
this transformation, from the knowledge of the situation and consequences. Several laws has 
mentioned Gender equality at University. The Organic Law 6/2001 (21-12-2001) modified 
by the Organic Law 4/2007 (12-04-2007) states “University role as an essential transmitter of 
values… to achieve a tolerant and egalitarian society, in which the fundamental rights, free-
doms, and equality between men and women are respected” (preamble paragraph 12) [6]. 
More recently, law 14/2011 (01-06-2011) of Science, Technology and Innovation, considers 
adequate for the development of Science in the XXI century “the incorporation of the gen-
der approach with a transversal character” (preamble) [7].

The low participation of women in Science, Technology, Engineering and Mathematic 
studies (STEM) has been identify as one of the main problems that need to be solved to eli-
minate the gender gap in the technology area. According to the last report Data and figu-
res of the Spanish University system of the 2015-16 course published by the Ministry of Edu-
cation, Culture and Sports, the 54.1% of the students are women. The presence of women 
is the majority in all fields, with the exception of technical degrees. The highest percentage 
of women is 67.4% in Health Science and the lowest 25.8% in Engineering and Architecture. 
These figures have been stable for the last 10 years. 

Regarding the figures related to the Engineering and Architecture field in the University 
of the Basque Country (UPV/EHU), the presence of women is very different depending on 
the type of degree, being the lowest in the traditional engineering related studies. The per-
centage of women in the Degree of Mechanical Engineering is 14.62%, while the 57.84% of 
the students in Environmental Engineering are women. 

According to many researchers [8], [9] youth believe that the equality between men and 
women exists already. This phenomenon has been called mirage of equality, and it pretends 
to explain the presumed situation of formal equality that is perceived by the society, but it 
does not adjust to reality. Therefore, it is vital to arouse interest in the gender matter at the 
university field. Considering these facts, the purpose of the Educational Innovation Project 
(EIP) that is carrying out in the Faculty of Engineering of Vitoria – Gasteiz, is to progress in 
the achievement of equality. 
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Description of the Educational Innovation Project

The main objective of this project is to include the gender perspective in several sub-
jects of the 3rd course of the Degree in Mechanical Engineering. The incorporation of the 
gender perspective is considered to have a positive impact in the acquisition of learning 
results related to team work; proposal development and discussion of different ideas, as 
well as the in the capacity of assessing solutions from a social sustainability point of view, 
considering people as object and subject of study. 

The project intends to follow the line of the IKD model of teaching-learning1 process, 
which is a UPV/EHU´s own model, cooperative, multilingual and inclusive that emphasizes 
that students are the owners of their learning with an integral, flexible training adapted to 
the needs of the society. The subjects in which the project is being applied are taught in 
Spanish, Basque and English. The EIP work team is compound by teachers, laboratory staff 
and a student of these subjects. The project is planned in two phases that coincide with the 
academic courses (2017/2018 and 2018/2019) in which it will be developed. The activities 
realized in each phase are summarized in Table 1 and Table 2.

•	 Phase 1: Project approach, team building and gender diagnosis of the subjects.

Table 1:  activities related to the phase 1

Phase 1 Activities

•	 Training on gender studies
•	 Evaluation of the competences and methodologies and classification 

according to provision / care
•	 Quantitative diagnosis of students and teaching staff of the 3rd course 

from a gender perspective 
•	 Qualitative study of the subjects, analyzing the transversal compe-

tences and methodologies according to the activities of provision and 
care

•	 Analysis of the language used in the materials used in class

•	 Phase 2: Implantation of the gender perspective in the subjects, modification of the 
content and the teaching methodologies, giving visibility to the contributions of 
women in the theoretical concepts or in the practical developments that are studied 
in the subjects and making known the problematic found.

1  https://www.ehu.eus/es/web/sae-helaz/ikd

https://www.ehu.eus/es/web/sae-helaz/ikd
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Table 2:  activities related to the phase 2

Phase 2 Activities

•	 Information related to the gender system and the problems associated 
to it was given to the students

•	 Problem solving not only considering the technical point of view but 
also the social influence of the solution

•	 Parity was achieved in the talks that student receive in companies
•	 Women´s knowledge and their social and historic contribution was inte-

grated
•	 Once the current academic year has ended the materials to be used in 

the classroom and laboratory practices will be modified with the aim 
of using an inclusive language that will avoid the generic masculine as 
much as possible

•	 A publication is being developed based on the work of the project

Results

The quantitative diagnosis has been made, analysing the number of female and male 
teachers of each department of the faculty of engineering of Vitoria - Gasteiz, and number 
of lecturers of each department that teach in the 3rd course. There are 4 different depart-
ments teaching in this course: Mechanical Engineering (D145), Graphic Expression and En-
gineering Projects (D136), Nuclear Engineering and Fluid Mechanics (D149), and Machines 
and Thermal Engines (D148).

Table 3:  presence of women in the 3rd course of Mechanical Engineering (course 2018/2019)

Department Female lecturers / 
department % departament Female lecturers in 

3rd Spanish course
Female lecturers in 
3rd Basque course

D145 4 40% 0 4

D136 0 0% 0 0

D149 1 25% 0 0

D148 1 33% 1 1

As shown in Table 3, the departments that teach in the 3rd course are clearly masculine in 
number, since the presence of women does not achieve the 50% in none of them. Moreover, one of 
the female teachers in both Mechanical Engineering and in Nuclear Engineering and Fluid Mechan-
ics, have an associate contract which means that they are lecturers part time. It is worth mentioning 
that the students that study the degree in Spanish only have one female lecturer, whilst in the case of 
the students that study in basque, all the subjects but 2 are taught by female lecturers. 

The competences of the subjects under the study of the EIP have been analysed and 
it has been considered that some competences are more appropriate for the realization 
of activities of care, that socially have been attributed to women and others are more ad-
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equate for activities of provision, socially attributed to men [10]. Instrumental linguistic, 
interpersonal and systemic opening personal competences are commonly attributed to 
activities related to people´s necessities (care). Instrumental cognitive skills, instrumen-
tal technical-scientific and systemic impact personal, are generally considered activities of 
preparation and provision of resources, and control of the environment (provision).

After the analysis, it is observed that the 88% of the generic competences are related 
to provision, thus close to the masculine stereotype. In the case of transversal competences, 
the 29% are related to provision. Therefore, one of the actions to achieve equality is to en-
courage the use of active methodologies for the acquisition of the care competences, in 
both generic and transversal competences. 

With the objective of using an inclusive language that will avoid the use of the generic 
masculine, students guides of the subjects of this study have been reviewed, taking as a ref-
erence the “Guide to inclusive Spanish use” published by the Direction of Equality of the 
UPV/EHU2. The “Quick guide for inclusive language use” has been distributed among the 
students so that they can use it when needed to write the reports.

In order to integrate the knowledge of women and their social and historic influence, 
contributions such as the ones by Emily Warren, Olive Dennis and Margaret Ingels have 
been added to the corresponding subjects’ materials. In parallel to this activity and with the 
objective of giving visibility to female engineers, in March, a competition where 3 questions 
regarding women with relevant contributions to engineering subject where sent through so-
cial network in the faculty of engineering of Vitoria – Gasteiz. 

Conclusion

This work presents an Educational Innovation Project in its second year of 
implementation, which is being carried out at the School of Engineering of Vitoria-
Gasteiz (University of the Basque Country, UPV / EHU). Its objective is the inclusion 
of the gender perspective in the 3rd year of the Degree in Mechanical Engineering.  
The gender diagnosis of the situation reflects a male environment in the classrooms, both in 
the number of lecturers that teach in the subjects and number of students in the classroom. 
Besides, the study of the competences shows that the degree is focuses mainly in activities 
of provision, with the objective of achieving, instead of in activities of care, focused on cov-
ering the needs of people. 

The contribution of women in the technical fields of the subjects under study in this 
project were published and known and the importance of considering not only technical 
aspects but also the human part when deciding a solution was also transmitted to the 
students. Thanks to the diffusion of social networks and the website of the School of En-
gineering of Vitoria-Gasteiz, this EIP has contributed to making women’s contributions 
visible in technological fields, a much needed work to increase the number of female 
engineers.

2  for the subjects taught in Basque the guide “Euskararen Erabilera Inklusiboa” has been used
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Background

The “She Figures 2015” [1] European Commission report states that in 2012 the 
number of male and female PhD graduates was almost equal (between 40% and 60% of 
women). However, the number of men who intended to select STEM studies was almost 
twice as high as the number of women. The report confirms that low representation of 
women in science and engineering fields continues to be a problem. In 2012, women repre-
sented just 21% of PhD holders in computing in the EU-28.

The European Institute for Gender Equality (EIGE) provides some data in “Gender 
equality and digitalisation in the European Union” [2] (for 2017 and 2018) that reveal a high 
demand for digital professionals and a lack of women in STEM areas. According to the EIGE, 
the percentage of women who graduated in STEM in the EU dropped from 23% to 22% in 
the last decade. Participation of women in ICT is 14%. The EIGE considers that this gen-
der segregation is one of the factors that contributes to the gender pay gap in the EU, as 
the ICT sector is one of the best paid. Within the ICT sector, the pay gap between men and 
women is lower (13%) than in other professional areas. The EIGE also indicates that women 
represent 17% of the 8 million ICT professionals in the EU.

The Spanish ministry report “Científicas en cifras, 2017” (Women scientists in figures, 
2017) [3] states that horizontal gender segregation is still visible in the number of university 
students enrolled in bachelor’s and first- and second-cycle degrees. In the 2016–2017 aca-
demic year, the percentage of female students of engineering and architecture dropped 
from 26% to 25%. In Catalonia, the Government of Catalonia’s Women and Science Com-

https://directori.upc.edu/directori/dadesUE.jsp?id=029
https://ec.europa.eu/research/swafs/pdf/pub_gender_equality/she_figures_2015-leaflet-web.pdf
http://www.observatorioigualdadyempleo.es/search/Uni%C3%B3n+Europea
http://www.observatorioigualdadyempleo.es/search/Uni%C3%B3n+Europea
https://www.fecyt.es/es/publicacion/cientificas-en-cifras-2017
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mittee reveals in its statistical report that the percentage of female students of engineering 
and architecture (bachelor’s, master’s and first- and second-cycle degrees) was 24.57% in 
the 2016–2017 academic year.

The situation at the Universitat Politècnica de Catalunya (UPC) is like that of other tech-
nical universities in Spain and internationally. At the UPC in the 2006–2007 academic year, 
women on first- and second-cycle degrees comprised 24.40% of the total number of stu-
dents. In the 2017–2018 academic year, women made up 25.00% of all new students. If we 
compare academic years 2012–2013 and 2017–2018 [4] (the first percentage in the brack-
ets refers to 2012–2013 and the second to 2017–2018), the data on intake of women were 
respectively: bachelor’s degrees (24.8%, 25.0%), master’s degrees (33.2%, 35.0%), doctoral 
degrees (31.0%, 31.7%). However, when we focus on specific areas of knowledge, the situa-
tion varies. The proportion of all new students who were women in the 2017–2018 academic 
year in specific fields were: health sciences (optics and optometry) 71.8%, architecture 
46.4%, industrial engineering 15.9%, informatics engineering 13.6% and naval engineer-
ing 15.9% (Table 1). The AQU 2017 report on graduate employment included informatics, 
industrial engineering and naval engineering among the top ten degrees, that is, degrees 
with the best professional prospects.

The gender gap in STEAM professions and studies indicates a lack of female talent and 
diversity in engineering solutions to society’s needs, and a loss of social mobility opportuni-
ties as future STEAM professionals (women represent over 50% of the world’s population). 
The complexity of these barriers goes beyond university boundaries and strategic partner-
ships are required with social stakeholders who influence this area. 

Various sociocultural factors affect the academic degrees and technology careers that 
appeal to girls and boys when they choose their future studies and professions. These in-
clude stereotypes associated with technology and engineering and the existence of female 
and male roles rooted in family, school and social environments in general (family expecta-
tions, teaching methodology in primary schools, participation in classrooms, games and the 
media, among others), regardless of students’ real academic results. 

Table 1.  Distribution of gender among new UPC students in the 2017–2018 academic year. 
(a) Bachelor’s degrees, (b) master’s degrees and (c) doctoral degrees

(a) � New bachelor’s degree 
students  

UPC 2017–2018 

by area of knowledge
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(b) � New master’s degree stu-
dents  

UPC 2017–2018 

by area of knowledge

(c) � New doctoral degree stu-
dents 

UPC 2017–2018 

by area of knowledge

Development of the Aquí STEAM programme

The UPC has been groundbreaking in the design of actions to attract talented young 
people to STEAM degrees. Notable examples are the UPC’s DONA programme, which was 
implemented at the end of the 1990s until 2004 and focused on activities exclusively for 
girls, as well as the organisation of a summer campus with the same goal. As part of the sec-
ond and third UPC equality plans (2016–2020), new projects have continued to be gener-
ated in recent years that are focused on promoting STEAM careers basically among young 
people who are in secondary school and upper secondary school education, with progres-
sive interest and participation of schools. In the first phase of the third equality plan, the 
project +DonesTIC was developed, with the participation of the four schools that offer ICT-
related qualifications at the UPC.

As a strategic area within its gender policies, the current commitment of the UPC is 
based on the Aquí STEAM programme to attract talent and raise the interest of girls who 
are in the upper cycle of primary school and the start of secondary school, in the age range 
of 9–14 years. Not only girls are targeted in the activities, but boys and girls together. Given 
that cultural change has to become in both genders: they will interact in the professional life 
and the goal is they do not perpetuate gender stereotypes. The programme was designed 
considering some of the main barriers to the incorporation of women in STEAM professions 
and studies, such as:

•	 The lack of female STEAM references and models.
•	 The existence of gender roles and stereotypes associated with engineering and ICT.
•	 The lack of knowledge of STEAM professionals and what they give back to society.
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The programme is divided into four areas (Fig. 1.): models of reference, professions, 
stereotypes and reflection.

Figure 1.  Strategic model of the Aquí STEAM programme

A set of actions have been planned that are designed to act directly on the elimination 
of these barriers. 

•	 “Aquí STEAM” emblem for schools: the aim of this project is to provide tools for 
schools to bring STEAM studies into classrooms and include the gender perspec-
tive. A network of primary schools will be created that facilitates the exchange of 
experiences, good practices and concerns. There will be an initial 15-hour training 
programme (given by the UPC’s Institute of Education Sciences and accredited by 
the Government of Catalonia’s Ministry of Education), based on the principles of 
coeducation and on encouraging an interest in technology. 

•	 Workshops, lectures and talks, among other resources: activities undertaken on re-
quest of schools that will enable girls and boys to experience STEAM professions 
first-hand and see the social applications of engineering. These actions are led by fe-
male STEAM professionals or researchers and help to break some of the stereotypes 
that dissociate engineering and technology from women.

•	 Aquí STEAM school diary: a project that, with the collaboration of other Catalan in-
stitutions, focuses on providing examples of female STEAM professionals in the class-
room and knowledge of STEAM professions and studies for girls and boys, through a 
tool that is commonly used by students, that is, the school diary.

•	 Cycle of reflection: “Mujer y tecnología, un tándem de futuro” (Women and tech-
nology, a tandem for the future) (scientific supervision by the UPC, held in the Palau 
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Macaya of Obra Social La Caixa). Duration of the cycle: January 2019 to December 
2019. The cycle examines the paradox of a world in which women are in the minority 
in engineering and technology, even though they make up over 50% of the world’s 
population. This cycle reflects generally on the role that women play in technology 
and how we can bring about a richer, more diverse future with their full incorpora-
tion. The challenges that are set out are:

1.	 To share knowledge and initiatives to encourage girls to take technology de-
grees and women to advance professionally in technology environments.

2.	 To share local and international good practices.
3.	 To reflect on potential future strategies and propose activities in all areas of soci-

ety.

The cycle is organised around two talks: an opening talk on ethics and engineer-
ing and a closing talk entitled “Gender quotas: from politics to business”. Between 
these two talks are three thematic blocks (training block, employment block and soci-
ety block). The blocks are divided into three specific workshops, with a round table to 
present the conclusions at the end of each block. 

•	 Aquí STEAM platform: stakeholders, actions, resources and projects are coordi-
nated in Aquí STEAM under the umbrella of a platform, an interactive community, 
so that Aquí STEAM becomes a network for exchanging the knowledge and prac-
tices of people and organisations who work to empower girls in their future careers. 
The platform is designed to create synergies and thus enhance the efficiency and im-
pact of activities that are undertaken. The platform will promote interaction between 
new and existing programmes and initiatives, such as +NoiesTIC, the UPC mentoring 
programme M2m and “Una ingeniera en cada escuela” (A female engineer in every 
school), among others.

Conclusions

The fact that few women choose careers in the STEAM area is a great incentive to re-
consider the type of relationship required between universities and society in order to 
change gender trends whose origin is markedly cultural. Increased awareness of the prob-
lem’s complexity and the need for a multidimensional, network response to help change it 
have encouraged the UPC to establish a programme that is focused on generating a com-
munity of stakeholders and projects in a network, studying influences and exchanging 
knowledge to generate a joint proposal.

The Aquí STEAM programme, which started during the 2018–2019 academic year, has 
no quantitative results yet. The aim of this document is to share the qualitative approach.
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Introduction

Learning Analytics (defined as “the measurement, collection, analysis and reporting of 
data about learners and their context for purposes of understanding and optimizing learning 
and the environments in which it occurs”) has proven to be helpful in Higher Education stra-
tegic areas such as resource allocation, student success, and finance [1]. One of the Learning 
Analytics techniques is machine learning, which has been successfully applied to predict stu-
dents’ performance based on their background and their in-term performance [2].

The objective of this research is to create a predictive tool for students’ academic per-
formance based on socio-economic and life style information. The general goals are to make 
available to students a tool to plan their time in a more efficient way and maximize their ac-
ademic performance, to provide teachers with aggregate information about their students, 
allowing them to perform more effectively their teaching work and to offer the heads of the 

mailto:miguel.cuartas@unican.es
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degrees and centres aggregate data on different subjects for a better design and manage-
ment of curricula.

This contribution shows the preliminary results of the first phase of the project: a pilot 
trial to evaluate the viability of the concept. The result is aimed to be a scalable tool that will 
progressively incorporate more subjects and other degrees. At the same time, more data 
will allow to refine the predictive results.

Methodology

The study is based on conducting surveys to groups of students whose academic 
records are available anonymously. A numerical code allows relating the results of the sur-
veys with the corresponding academic record.

In this first pilot test, a survey was prepared with the online tool Lime Survey (http://
www.limesurvey.org/es/), which was answered by 12 first-year students of the Degree in 
Civil Engineering of the School of Civil Engineering of Santander (University of Cantabria). 
As an indicator of academic performance in this stage, the average score of the five courses 
they had studied at the time of the study was calculated.

The survey includes 90 questions about the origin and the family, the environment of 
the students, their previous academic career, study habits, leisure and daily organization, 
hobbies, satisfaction with studies, personal aspirations, health, character and emotional 
state.

In the preliminary analysis, the questions answered in a homogeneous manner by all the 
students were eliminated, such as: Do you smoke? (No); Do you have any disabilities? (No), 
Do you feel stressed by your studies? (Yes); Do you have a mobile phone? (Yes) and do you 
have data connection available in your mobile phone? (Yes).

The study conducted in this phase included 1) a descriptive analysis of the data by 
searching for linear correlations and graphic representations; 2) a selection and optimiza-
tion of machine learning predictive models to calculate academic performance from data 
provided and 3) the identification of the fundamental variables in the prediction of student’s 
performance.

For the development of the predictive models, the data were separated into two 
groups: one of 10 for training and validation of the models, and 2 for verification of the best 
models created.

Results and Discussion

Table 1 shows the variables that have the highest correlation with the student’s average 
grade: a greater correlation is reflected with values closer to 1 or -1, depending on whether 
the relationship is direct or inverse. Thus, the more meticulous, methodical or planner the 
students consider themselves, the better is their average grade. Surprisingly, the more they 
declare to use other resources apart from class notes (books and other materials), the lower 
is their grade. One possible explanation for this is that the students with greater difficulties 
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need these supports to a greater extent. It is also worth noting that students state that stress 
is the main cause of their bad academic results.

Table 1.  Variables that have the highest linear correlation with average grade

Variable Correlation factor

The student is meticulous 0.88

The student is methodical 0.83

The student is good at planning 0.61

The student is motivated with the studies 0.61

Expected years to complete the degree –0.59

Stress negatively affects their studies –0.71

Utilizes complementary material (e.g. books) –0.75

Among the predictive models, the best result was obtained with the automatic learning 
technique Gradient Boosting [2], whose prediction capacity of the validation pair improved 
that of the equivalent linear regression model. A r2 score of 0.96 was obtained in the training 
set and 0.91 in the validation set, with an optimized model of Gradient Boosting built with 
200 estimators, learning rate of 0.01, maximum depth of 2 and minimum number of sam-
ples to split of 6. Table 2 shows the relative importance of the significant predictor variables 
identified by the model. The relative weights have been normalized so that the total sum of 
all the variables with weight greater than 0 is 1.

Table 2.  Relative importance of the main variables identified by the Gradient Boosting model

Variable Relative significance

Stress negatively affects their studies 0.270

The student is meticulous 0.237

Utilizes complementary material (e.g. books) 0.134

The student is good at planning 0.118

Average grade in high school 0.082

University entrance grade 0.042

Hours devoted to leisure 0.018

Married parents 0.018

The student is optimistic 0.013

In addition to some of the variables indicated by the linear regression method, some 
others appear with certain significance, such as the average grade in high school, the uni-
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versity entrance grade, the hours devoted to leisure, the fact that the parents are married or 
being optimistic.

Conclusion

Despite being based on a very small number of students, this pilot test has made pos-
sible to develop models that achieve a good predictive capacity of the students’ average 
grade based on the information obtained from the designed questionnaires. The automatic 
learning techniques that have given the best results in this case are Gradient Boosting 
(r2 = 0.91 in validation test) and, secondly, Linear Regression.

Thus, the designed methodology has proven its usefulness. It is proposed to advance 
in the research by applying the designed questionnaire to a wider group of students, so that 
more information is obtained and the conclusions shown here (or others) can be validated.

Based on the results like the ones obtained in this preliminary study, several measures 
can be proposed and designed to improve Higher Education learning, such as:

•	 To propose dynamics oriented to stress management.
•	 To implement training in organization and time management techniques.
•	 To guide the students in a correct use of study materials complementary to the class 

notes.
•	 To encourage adequate leisure and rest time.
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ABSTRACT

The presence of women in careers and studies in the STEM fields (Science, Technol-
ogy, Engineering and Mathematics) is very low. The reasons for this under-representa-
tion are diverse and include the scarcity of female role models in these disciplines. In this 
communication, we show an activity to provide female references to engineering stu-
dents. The activity, developed in the degree in Chemical Engineering, consists of writ-
ing the biography of a STEM woman in Wikipedia format, and has been designed in such 
a way that it also serves to connect the subjects of Physics and Technical English. In ad-
dition, this task aims to improve cross-curricular competencies such as information man-
agement capacity, written communication in native and foreign languages and critical 
thinking. 

The results of this task have been satisfactory. On the one hand, the students have 
increased their knowledge about female contributions to Physics and Chemical Engi-
neering and, on the other hand, there has been an improvement in cross-curricular com-
petencies.
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Women in STEM

Spanish women are majority among university students, but they continue to be a minor-
ity in STEM careers (Science, Technology, Engineering and Mathematics). Despite the good 
professional prospects than STEM careers offer, women remain significantly underrepresented 
in these sectors (MICINN, 2018). This issue is becoming a growing concern due to the impact 
that the lack of diversity in the development of technologies may have in our daily life, or the 
inequality that this lack of presence may create in a highly technological society. 

There are different reasons for this lack of interest, because girls are influenced by sev-
eral social, cultural and economic factors, and the effect cannot be reduced to a single factor 
(Freire, Ruiz-Garcia & Oliver, 2018). Among the different reasons of this gender gap are the 
lower visibility of women working in STEM and the lack of female inspirational models. This 
gender gap is also in Wikipedia, where Google drives us when we do a search and where bi-
ographies about female scientists or engineers are scarce. Fortunately, there are projects like 
WikiProject Women Scientists that are changing this situation, or individual initiatives like the 
one promoted by physicist Jess Wade, who every day writes at least one Wikipedia page ded-
icated to a woman, a person of colour or an LGBTQ person in science in the hope of combat-
ing the lack of diversity (Wade & Zaringhalam, 2018). 

Thus, we find that the students have little knowledge about the scientific or technologi-
cal contributions of women. This knowledge, in many cases will not be increased after pass-
ing through the university, since there is a low level of mainstreaming of the gender per-
spective and scarcity of subjects in the undergraduate and postgraduate programs (Vergé 
& Cabruja, 2017). So, to make visible the contributions of women to science and technol-
ogy, the students of first year of the Degree in Chemical Engineering of the University of 
Santiago de Compostela (USC) were asked to prepare the biography of a female scientist or 
technologist in Wikipedia and Galipedia format. This activity also serves to improve the skills 
of students since “the process of writing for Wikipedia covers all aspects of academic writ-
ing -originality, rigor, peer review, etc-” (Soler, Pavlovic & Font, 2018). Also, some of these 
biographies are only in English and this task is an opportunity to connect the subjects Phys-
ics and Technical English. This activity has been carried out through the virtual classroom of 
the subject in the platform Moodle, showing that the virtual classroom can be a place to im-
prove equality. 

Objectives 

The main objective of this project is to recover the stories of women scientists and engi-
neers and their innovations. Thus, we show examples of women (current and past) in science 
and technology to students. In this way, in addition to improving their skills and abilities, we 
are also contributing to the development of potential women editors of Wikipedia

Methodology 

The project detailed in this report was carried out in the subjects of Physics and Tech-
nical English. These subjects are basic and compulsory and have an associated virtual class-



SECOND INTERNACIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE 21ST CENTURY – ICEE21C 2019

157

room in Moodle, which is used as a content archive, with links to videos or articles of inter-
est, as forums, also to increase student participation. In these subjects, we try to improve 
cross-curricular competencies such as written communication, critical thinking and informa-
tion skills of students. 

In first-year subjects, we often have students with little knowledge of inventions or sci-
entific contributions (Calvo, 2017). To correct this, we have proposed the following task, 
figure 1, to increase the visibility of women scientists and engineers related to Physics and 
Chemical Engineering. The task, of a voluntary nature, was carried out through the virtual 
classroom of the physics subject, using the workshop tool of the Moodle platform.

Figure 1.  Description of the task in the workshop of 2018

The launch of the workshop Scientists and Technologists in Galipedia, includes the fol-
lowing steps: 

•	 The teacher selects the biographies and creates the workshop. 
•	 Students present their own work and then receive a proposal from another student 

to be evaluated according to the rubric (Calvo & Sanmarco, 2017). Two grades are 
given that appear in the Grading Book: a grade for the student’s own presentation 
and a grade for the quality of their peer evaluation skills. 

•	 The teacher reviews the grades and publishes the final grade. This assignment con-
tributes 0.25 points to the final grade in this subject.

At the same time, in the subject Technical English for Chemical Engineers, the students 
were introduced to the biographies the aforementioned female scientists and chemical en-
gineers. The task that the students were asked to complete involved translating the Wikipe-
dia biographies of these inspirational female engineers from English to Galician, English to 
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Spanish, and Spanish/Galician to English, depending on the group each particular student 
was placed in, according to alphabetical order. 

A class activity which really aided students’ participation in this project, within the Tech-
nical English for chemical engineers in particular, was the undertaking of various listening 
exercises for example, Youtube videos relating to the lives of the women that the project fo-
cused on. 

For the selection of the female scientists and engineers whose biographies the students 
are to prepare, different criteria have been taken into account, including the importance of 
their contributions in the scientific-technological field and the fact that the biography did not 
exist in the free encyclopaedia (in Galician or Spanish). Last year we gave priority to women 
inventors because for a long time, some of them have been forgotten and their inventions 
attributed to men (Calvo, 2018). This year, to celebrate that for the first time two scientists 
have won the Nobel Prize in Chemistry and Physics at the same time, we have proposed 
their biographies. 

Results 

The participation of students in this activity has been higher during the 2016-17 aca-
demic year, in which 72% of the enrolled students participated, 61 students (33 men and 28 
women), while in the years 2017-18 and 2078-19 the number of students was respectively 43 
students (25 men and 18 women) and 46 students (30 men and 16 women). Probably, the 
difference in participation is due to the fact that the exams were advanced until December, 
which has caused the students to devote themselves during this month to their preparation 
and abandon other tasks. 

During the first two years the students have produced biographies of eight female in-
spirational models such as Fabiola Gianotti, Maria Telkes, Maria Teresa Toral, Mae Jemison, 
Maud Menten, Irmgard Flügge-Lotz, Lisa Jackson and Ellen Swallow Richards (Calvo and San-
marco, 2017; Calvo, 2018). This year the students wrote the biography of Nobel Laureate in 
Chemistry Frances Arnold, Nobel Laureate in Physics Donna Strickland, rocket fuel scientist 
Mary Sherman Morgan, and suffragette, engineer, mathematician, physicist, and inventor Her-
tha Ayrton. In figure 2, we show two examples of the biographies made by the students.

Figure 2.  Examples of biographies elaborated by students
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In order to know the opinion of the students about this activity we have used a simple 
questionnaire with five items of the Likert scale, where the range of the scale is 1= very disa-
gree, 2= disagree, 3= somehow agree, 4= agree and 5= very agree. The five items were: 

a.	 This activity helped me get to know women scientists related to Physics and Chemi-
cal Engineering. 

b.	 This task helped me to improve my written communication. 
c.	 I learned to write a biography in Wikipedia format. 
d.	 I would like to publish the biography in Wikipedia. 
e.	 I liked this activity. 

Figure 3 shows the results of this survey in the three courses that were carried out. In 
view of the results, we can say that the activity is attractive to the students and that the ob-
jectives have been achieved, i. e., to provide female role models in science and engineer-
ing, and to familiarize the students with the Wikipedia edition.

Figure 3.  Results of the student survey

Conclusions

The activity that we present in this communication has served to make visible women 
who have contributed with their inventions and contributions to the advancement of science 
and technology, as well as connecting two first-year subjects (Physics and Technical English) 
of the degree of Chemical Engineering. 
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This activity has allowed us to develop some of the cross-curricular competencies that 
appear in the didactic guides of both subjects such as communication in written language, 
information management capacity, comprehension of texts in English and critical thinking.

This task has been highly valued by the students, who consider that it has helped them 
get to know scientists and engineers, improve written communication and familiarise them-
selves with the Wikipedia or Galipedia edition. In future courses, we will continue with this 
activity because it contributes to creating an atmosphere of equality in the classroom.
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At the Engineering School of Gipuzkoa (ESG-EIG), Environmental Sustainability projects 
are being developed among students and professorate. Many of these projects are linked to 
the Sustainability Department Directorate of the Basque Country University (UPV/EHU). This 
allows a learning focused on service social commitment, where the boundaries of the class-
room and the center are expanded to establish a direct relationship with the cities in which 
they are located. The environmental and socio-economic impacts of the university centers, 
of the UPV/EHU campuses and their influence in the cities that contain them, are being an-
alyzed. Thanks to these analyses, energy improvement scenarios that enable an adaptation 
to the international regulations in this field for the years 2020-2030-2050, has been estab-
lished. In order to carry out these analyzes, evaluation tools based on 3D information mod-
els are being used, which allow to introduce all the necessary data for the analysis of the 
current state (baseline scenario) and to be able to evaluate in an agile way the different im-
provement scenarios proposed. 

The new digital technology, Building Information Modeling (BIM), will make it possible 
to manage these teaching centers, monitoring their environmental impacts throughout their 
whole Life Cycle. For this purpose, it is necessary to have 3D models of these centers, so 
that all the information necessary to obtain the impacts can be contained in them effectively, 
and can be evaluated efficiently. This permit to correct or redirect any impact that exceeds 
the parameters of Nearly Zero Energy Buildings (NZEB). To be able to perform a 3D mod-
eling as accurate as possible of these centers, the massive capture of data is being tended, 
where techniques such as photogrammetry, and 3D scanning are a fact. In the ESG-EIG, the 
3D building survey has been carried out using 3D laser scanners and RPA-s (Remotely Pi-
loted Aircraft) to generate the point cloud that enables to obtain an efficient BIM model.
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Sustainable planning of teaching facilities on an urban scale

Within the progressive scales of the so-called Knowledge spaces (Calvo-Sotelo, 2016), 
four levels of action can be distinguished: the first scale would be the urban-territorial rela-
tionship; the second, the university enclosure or campus; the third, the teaching building; 
and, finally, the classroom as the elementary spatial unit of the formative activity. Teaching 
methodologies begin to transcend the conventional boundaries of the classroom. The ac-
ademic space is moving to new places, even outside the building or the campus, and can 
also reach the annexed city. In line with the theories of Aldo Rossi (Rossi, 1971), the space 
that surrounds the educational processes must maintain, since the initial ideas, a close re-
lationship with the physical and social context, as the best guarantee for the development 
of the university mission. Non-formal or social learning involves the activation of alternative 
physical spaces in educational environments, characterized by responding to another formal 
nature and location different from the traditional one; thus, places such as leisure, commu-
nication, relationship, etc. areas would enter into action. The classroom begins to transform 
its limits into higher order spaces, dissolving into its closest environment: the building, the 
campus or the city.

Figure 1.  Aerial photo of the San Sebastian campus,  
with the ESG-EIG building in the center of the image

Currently, there is a methodology for evaluating the energy and socioeconomic aspects 
of sustainable urban planning and rehabilitation where the university campuses are located. 
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Its objectives are the resources saving, the emissions and waste reduction, as well as the de-
crease of costs derived from the construction, conditioning and maintenance of urban areas 
in the management and planning of the existing city. This methodology has been created in 
a European Project called ESSAI URBAIN, coordinated by Nobatek (Technological Center, 
France), developed with Tecnalia Research & Innovation and with the City Council of San 
Sebastián (Oregi et al., 2016). Based on different urban areas of San Sebastian, an environ-
mental and social assessment software has been designed, integrated in the NEST program 
(Neighbourhood Evaluation for Sustainable Territories) created by Nobatek (Lotteau,Yepez-
Salmon & Salmon, 2015). This allows the following actions in urban analysis: modeling the 
energy and environmental impact of neighborhoods using a real case study as a basis, pro-
moting the use of Life Cycle Analysis (LCA) to make decisions related to the design or reno-
vation of urban areas, and developing adaptable socioeconomic indicators within the NEST 
tool, capable of characterizing the neighborhoods. The NEST tool uses as a work basis a 
three-dimensional modeling of the studied urban area, to which the necessary data for the 
acquisition of the objectives are added. Therefore, it is a tool that will be able to be used 
under the BIM Technology.

Figure 2.  3D BIM model of the ESG-EIG

In the ESG-EIG of the UPV/EHU, different collaborative dynamics have been developed 
between students and professorate linked, above all, to Final Degree Projects, which fo-
cus on Environmental Sustainability. The University Campus of Donostia, among others, has 
been analyzed to compare it in terms of impacts with the results generated in the ESSAI UR-
BAIN project. In this way, the effect of the campus on the city global emissions is evaluated, 
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so that it has been possible to propose a reduction of these impacts, focusing on the sav-
ing of resources (Leon, Oregi & Marieta, 2018). These evaluations which have been carried 
out with the NEST tool are based on the LCA, where the inventory has a fundamental role, 
being the starting point for the evaluation. For this purpose, it is necessary that the centers 
collect data such as the use of resources (raw materials and energy), emissions to the atmos-
phere, soil and water, and the generation of waste.

The ESG-EIG, is committed to the environmental improvement plan, Ekoscan process, 
and records exhaustively all the necessary data to be able to obtain the impacts, although 
this dynamic is not usual in other university centers. In any case, these data are collected in 
Excel tables and written documents type .doc, which does not allow to relate the construc-
tive or geometric characteristics (surface of facades) with the evaluation. That is why the BIM 
3D Models allow a more accurate assessment of emissions, facilitate the presentation of 
more concrete and effective technical solutions, and help reduce the costs of executing en-
ergy improvement solutions.

BIM models for sustainable teaching management

On July 14, 2015, the Ministry of Public Works constituted the Commission for the im-
plementation of the BIM methodology in Spain. The marked milestones established two cru-
cial dates: December 17, 2018, for the mandatory use of BIM in Public Tenders for Building 
Works, and on July 26, 2019 in Public Infrastructure works. It should not be forgotten that 
this technology requires a revolution in thinking and in the way to operate in academic activ-
ities (Monteiro, 2012). So that, the Degrees of Building Engineering (Technical Architecture) 
and Civil Engineering of the EIG, are already involved in the training of multiple engineering 
students to adapt to these requirements that will impact society, to transform the construc-
tion industry in infinitely more sustainable processes (Sacks & Barak, 2009).

The BIM methodology is a technological tool for the management of projects, through 
a unique three-dimensional digital Model of Information (Agustín, 2011), which reduces 
costs, shortens design and production times, improving the quality of construction projects. 
In addition, it allows students to improve their learning so that they are able to adapt to con-
tinuous changes and can respond creatively, promoting critical thinking through synchro-
nized collaborative methodologies in the network.

BIM covers the entire Life Cycle of the building, is applicable both for the monitor-
ing of certain parameters necessary in the analysis for sustainable planning, in the man-
agement and maintenance of the teaching buildings, and for the reform or modification of 
spaces. The teaching building BIM 3D model can include parameters and data of all kinds 
(schedules of occupation of spaces and classrooms, number of students in each class, 
consumption, production of waste from the center, etc.). In order to perform these tasks, 
it is necessary to manage the As Built model of the building, which is the three-dimen-
sional model of the building as it has been built, which implies a very precise data collec-
tion task. To achieve this model with precision in an efficient way, compared to traditional 
techniques, mass capture techniques are being used by means of photogrammetry and 
laser scanning. Recently, the ESG-EIG has resorted to the cloud-to-cloud 3D scan of the 
building through Leyca’s P40 scanner, and low-cost photogrammetric techniques through 
of the DJI Phantom 4 pro drone (RPA). 
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Figure 3.  As built model of educational center

Source:  Aimar Santos

Figure 4.  Mass capture of the ESG-EIG building, 3D scanning and RPAs
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This will not only allow a reduction of the environmental impacts of the center due to 
predictive maintenance and effective management, but also a learning focused on the serv-
ice of social commitment, linked to the city, transcending the limits of university institutions.
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Nowadays, the changes in the information and communication society, the social net-
works, a neoliberal economic model and the delocalization and decentralization of knowl-
edge have led to a questioning on the role of the universities as its creators and transmit-
ters [1]. According to Castells [2], the University has the task of adapting to these changes, 
so the implementation of novel learning methodologies can be helpful in order to achieve 
that purpose.

Therefore, these methodologies have to take into account three main aspects. Firstly, 
formal environments are no longer primary sources of knowledge, which means learning can 
be carried out in non-formal and casual settings. Secondly, knowledge is multiple and uncer-
tain, so the acquisition of abilities for discerning which one is the valid, useful and produc-
tive information is important. Finally, learning is a continuous process, so training and edu-
cation ought not to be detached from the working career [3].

Apart from these considerations, the suppositions made by Delors [4] in his report have 
to be followed; not only about learning to learn, but about learning to do, learning to be 
and learning to live together [5]. This holistic and integrated vision of education pursues the 
formation of able citizens, capable of adapting to the current changing, complex and incon-
stant social context.

All these ingredients, cooperation, peer-learning and abilities such as the selection or 
the analysis of the information can only be achieved by the democratization of the teaching-
learning process and the application of methodologies that enhance the activity and partici-
pation of students who are, indeed, the true protagonists.

mailto:royo@uji.es*
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The aim is not the formation of not only qualified technical specialists but also profes-
sionals who are competent and committed to their surroundings [6]. Civic responsibility and 
social commitment are thus considered as values to be linked to their professional careers; 
therefore these abilities have to be trained during their educative period, as a highlight 
amongst the tasks higher education has to fulfil [7]. University social responsibility seeks for 
the public good and advocates a more fair and democratic society, and directs the educa-
tional model and the teaching activity towards this direction [8].

One of the methods that allow training the university social responsibility in higher edu-
cation is Service-learning; a learning method based on an experience that arises from a so-
cial request [9]. The Chilean Education Ministry [10] states that Service-learning results in 
community service pedagogical projects that are integrated in the curriculum. By means of 
these projects, students apply, verify and go more deeply into their knowledge, as well as 
the provide solutions to community problem; so they discover, apply and fathom out the 
concepts of their discipline and their relationship with real situations and the solving of con-
crete problems. 

Service-learning methodology works with groups of students who face up to community 
problems, seeking for and thinking over real objectives thus boosting their own comprehen-
sion and skills, and developing multiple human dimensions while they cultivate civic and so-
cial responsibilities [11].

This communication would show the experience of applying a Service-learning method-
ology, in a coordinated manner between two subjects of the second course of the degree 
of Industrial Design and Product Development Engineering of Universitat Jaume I at Castel-
lón de la Plana. In this experience, students have worked throughout the whole academic 
year in designing a product which has been promoted by a collective of dependent people; 
concretely, the users of the Aspropace Foundation in Castellón. Foundation users are adults 
with cerebral paralysis and related encephalopathies. The product to be developed was an 
innovative soap cutter for them capable of improving the existing ones. This product will 
take into account two issues: that anyone can use it and that the less force is used for its use. 
This experience has been carried out during the two terms of the academic year 2018/19 in 
a coordinated manner between teachers and students of two different subjects (Conceptual 
Design and Materials II), jointly with the technical staff of the Aspropace Foundation and the 
final users.

Diverse activities were programmed temporally for correctly applying this methodol-
ogy. During the first semester, there were various meetings between promoters and profes-
sors and the visit of students to the Foundation center (Figure 1), which ended in the realiza-
tion of several conceptual proposals of the product (Figure 2). In the second semester, the 
ideas were developed and studied in terms of usage and materials, and prototypes were 
materialized in workrooms. Finally the prototypes were presented and handed out to pro-
moters and users (Figure 3).

The complexity of this experience lies in various aspects:

•	 The horizontal coordination between subjects which are radically different both in 
field of knowledge and typology. The first one (Conceptual Design), in the first se-
mester, where students generate ideas by using diverse methodologies, which are fi-
nally sketched, and the second one (Materials II), in the second semester, where they 
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materialize and develop a real prototype of their final idea while they study the func-
tional problems that might arise from the selection and usage of materials.

•	 The development of a whole project that would help students acquiring a complete 
vision of the engineering and design processes, in the first years of the degree (in the 
second year).

•	 The establishment of non-academic relationships with real promoters, users and in-
volved centres, whose presence have invigorated the project, while provides it with a 
professionalizing atmosphere, similar to the ones students might find once incorpo-
rated to the labour market.

•	 The extension of the students’ reflection, vision and execution of a design project, 
thus exceeding its merely academic nature and enhancing the University social re-
sponsibility.

The assessment of the experience in terms of its impact is to be carried out by means of 
the analysis of the impressions of the stakeholders (teaching staff, students, technicians, final 
users and practitioners). To do so, various surveys and interviews have been developed in 
order to obtain results, both qualitative and quantitative, which improve the comprehension 
on what this experience meant for all the interest groups.

The final aim of the article is the assessment of the repercussion of this methodologi-
cal change on the motivation and implication of the involved students and teaching staff, as 
well as obtaining information on their ability and its improvement for adapting to the novel 
situation and needs that were required throughout this project.

Figure 1.  Meeting between promoters, users, professors and students
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Figure 2.  Different examples of soap cutter projects
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Figure 3.  Final prototypes
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Usually, engagement of students into laboratory practices becomes an important chal-

lenge to overcome, especially when talking about technological subjects, where expensive 
or big apparatus should be used and lack of time or facilities for students to put into prac-
tice the knowledge acquired in the classroom make it unaffordable. In the degree of Ma-
terials Engineering at the University of Barcelona many subjects have a practical nature 
that is often supplemented with complementary teaching material such as videos. This is 
the case of the subject of Industrial Technology. In it, knowledge of electrical engineer-
ing is taught, and includes a few topics dedicated to the different types of furnaces used 
both at the laboratory and industrial level. This subject consists of a practical part, but un-
til now the students were walked by the research laboratories so that they could see how 
muffle or induction furnaces work, for example, but without even touching them. On the 
other hand, the laboratory furnaces used in the laboratory teaching practices of the differ-
ent grades in which the departmental section of Science and Materials Engineering par-
ticipates, tend to have a shorter lifespan than expected, often deteriorate due to the fail-
ure of the electrical resistances, or the occasional pouring of molten materials inside. This 
course we have implemented laboratory practices for Industrial Technology subject in 
which students have to repair a muffle furnace used in the laboratory practices. The idea is 
to put into practice the knowledge acquired in the classroom and learn to repair a furnace 
by doing it themselves. The students have different refractory materials, insulators and for 
electrical resistances of which they should choose the most suitable for the reconstruction 
of the furnace. For this, they will use CES Edupack as a tool for their selection. In this work 
the activities carried out are related as well as the degree of satisfaction of the students 
once these practices are carried out, which can be classified as service-learning.

Keywords:  service-learning; project-based learning; laboratory practices.
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Introduction

The subject Industrial Technology in the Materials Engineering degree at University 
of Barcelona is divided into two blocks: the first one devoted to the basis of electrical 
engineering (two thirds of the subject) and the second (the remaining third) to the expla-
nation of the different types of furnaces that can be found both at laboratory and indus-
trial scale. This subject (6 ECTS) is in the 7th semester of the degree and has 12 hours of 
laboratory practices, until now proportionally distributed between both blocks of theory. 
Up to this course only 4 hours could be used for practicing the furnaces block at lab. So, 
the students could only walk by the research laboratories so that they could see how 
muffle or induction furnaces work, for example, but without even touching them. 

On the other hand, the laboratory furnaces used in the laboratory teaching practi-
ces of the different grades in which the departmental section of Science and Materials 
Engineering participates, tend to have a shorter lifespan than expected, often deterio-
rate due to the failure of the electrical resistances, or the occasional pouring of molten 
materials inside. This implies an investment in new furnaces which, unfortunately, is not 
available.

This course 9 hours have been assigned to the second block of laboratory practices 
for Industrial Technology subject, so a new type of laboratory practices has been desig-
ned. We have developed and implemented a new labwork in which students must repair a 
muffle furnace previously used by their pairs in the laboratory practices. The possibility of 
contributing with their work to the improvement of facilities used by the same students or 
by their pairs, could be classified as service-learning The final aim of the lab practices is to 
put into practice the knowledge acquired in the classroom and learn how to repair a fur-
nace by doing it themselves. 

The students have different refractory materials, insulators and for electrical resis-
tances of which they should choose the most suitable for the reconstruction of the fur-
nace. First, they use CES Edupack as a tool for the selection of the most appropriate ma-
terial for refractory walls (Figure 1), insulation walls and electrical resistances, applying the 
knowledge acquired in the theory classes. Then, they must return to reality and effectively 
select the best material from those available in the laboratory.
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Figure 1.  CES Edupack software is used for refractory and isolation materials selection. 
Chart from CES EduPack 2018, Granta Design Limited, Cambridge, UK, 2018 [1]

Measures, calculation and rebuilding

Before starting to rebuild the furnace, students measure the furnace casing and calculate 
the thickness of the refractory and isolation walls using the knowledge acquired in theoretical 
classes (Figure 2).

Figure 2.  Students measure the furnace casing and make the calculations
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They must consider the specifications of the materials (Figure 3) that will be provided to 
them to minimize the thermal transfer through the walls. On the other hand, they must cal-
culate the length, measure, cut and wind the KhantalR wire to make the electrical resistance.

Figure 3.  All the needed materials and tools are provided

With the help of the lecturers, old furnace casing is emptied, refractory and isolation 
blocks are cut, and electrical resistances are wound. Further, they rebuild completely the fur-
nace, also connecting the control system (Figure 4).

Figure 4.  Different stages of the reconstruction process and final furnace ready for being calibrated
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Once the furnace is completed, it is plugged and started to be heated to burn the iso-
lation boards and cement used to make the walls.

Calibration

Finally, the temperature is recorded and compared with the set-point to determine the 
difference between them. An infrared camera is also used to detect the possible thermal 
loses of the furnace (Figure 5).

Figure 5.  To calibrate the furnace, a temperature probe is used (left). An infrared thermal 
camera shows the thermal loses due to poor insulation (right)

Results and discussion

At the end of the laboratory practices a survey was performed in order to grasp the 
opinion of students and lecturers. All the students agree on that this new type of labs pro-
vide knowledge and involvement, encourage creativity, initiative, and teamwork although 
they do not promote their autonomous work. Finally, they consider that are fully comple-
mentary to theory and a good approach to professional life. On the other hand, lecturers 
completely agree with the perceptions of students, but they add that the time devoted to 
these labs is not enough for students to complete the work alone.
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Conclusions

Both students and lecturers have expressed their huge degree of satisfaction with the 
performed work. Students all agree with these practices, considering that they are one of 
the most productive and profitable of the degree. They think that are also the best lab prac-
tices ever made, and that this format increases interest in the subject.

On the other hand, lecturers suggest that the time involved in preparing and develop-
ing the work should be longer (9 hours is too tight).
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Introduction

Service Learning (SL) is an educational proposal that combines learning processes 
and community service in a single project, in which participants learn while working on real 
needs and trying to improve their environment. SL has a solid institutional framework at Uni-
versitat Rovira i Virgili (URV); where it has been integrated into several strategic plans, aca-
demic normative and it also has a specific action plan, approved by the Governing Council 
in 2012 and updated in 2015. SL is an instrument of integral university training in which the 
principal objective is to train socially responsible professionals. 

In the 7 years that it has been running, the SLP has become highly institutionalized at 
the URV and is an initiative that innovatively links the university’s three missions through 
projects based on the real needs of society and implemented by students and professors of 
the URV and community stakeholders. The process of institutionalizing the SLP at the URV 
over the last seven years has led to several achievements, in particular the presence of SLP 
projects at 11 of our 12 faculties and schools and in all areas of knowledge at the university, 
including social and legal sciences, health sciences, arts and humanities, engineering, archi-
tecture and sciences. 
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Results and Discussion

Since the 2012-13 academic year, students at the Universitat Rovira i Virgili (URV) 
have been able to sign up for the Service Learning Programme (SLP) and do part of their 
courses by undertaking activities aimed at making a positive contribution to society, cul-
ture and the environment. 

At the URV, the SLP is governed by a legal and institutional framework, which defines 
it as an instrument for University Social Responsibility (USR). In this regard, it forms part of 
the URV’s project to develop and implement a new model of transversal competences that 
enable the university to evaluate students’ acquisition of the CT7 competency: Apply the 
ethical principles of social responsibility as a citizen and as a professional. In this way, the 
university aims to help foster the values of social responsibility and social commitment in 
the citizens of the future. 

The SLP is integrated into various strategies and academic plans and has a specific 
action plan that was approved by the URV’s Governing Council in February 2012 and up-
dated in 2015. It is specifically included in the Strategic Plan for the Third Mission, ap-
proved in 2009, as an action associated with the objectives of axis 2 (society, service 
learning, volunteering and cooperation in development) and in the Strategic Internation-
alization Plan, approved in November 2013. In its broadest sense, the third mission deals 
with the transfer of knowledge to society and, in particular, focuses on the social aspects 
relating to public service that are upheld by all higher education institutions. The SLP is 
also included in the Strategic Teaching Plans and the Strategic Plan of the Social Council 
of the URV through the support offered by the URV’s Social Projects Market. 

SLP experiences have formed part of 48 different programmes and more than 148 
different courses. During this period, more than 201 teaching staff have been involved in 
the SLP and around 351 non-profit entities have benefited from services provided by stu-
dents. Service Learning has included all kinds of local and international organizations such 
as town and city councils, public bodies, neighborhood associations, citizen platforms, 
and social, cultural and environmental federations, foundations and associations (link to 
the map of collaboration organizations: http://www.urv.cat/es/estudios/modelo-docente/
aprendizaje-servicio/mapa-entidades/). 

Data from the 2017-18 academic year show that more than 900 students participated 
in the programme, a significant increase since the year when it was first implemented. 
Once students have completed the SLP project, they complete an online satisfaction sur-
vey that gathers important information on the procedures followed, the activities carried 
out, the roles of the academic tutor and the professional individuals at the participating 
organization, and the student’s general evaluation of the SLP experience. 

In terms of quantifying the economic impact of the students’ SLP activities, it is im-
portant to emphasize that from the 2011-12 to the 2017-18 academic years, URV students 
completed a total of 433,653 hours of service to the community, valued at 1,802,847 eu-
ros (estimated value calculated on the basis of the minimum wage).

http://www.urv.cat/es/estudios/modelo-docente/aprendizaje-servicio/mapa-entidades/
http://www.urv.cat/es/estudios/modelo-docente/aprendizaje-servicio/mapa-entidades/
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Service Learning Programme Outcomes

Table 1.  Service Learning Programme outcomes per academic year

Academic year 2011-12 2012-13 2013-14  2014-15 2015-16 2016-17 2017-18

Courses with SL component 13 28 49 76 76 77 82

Projects 14 38 56 82 94 83 97

Programmes 10 17 26 33 28 26 24

Undergraduate 8 13 20 27 24 20 19

Graduate 2 4 6 6 4 6 5

Students 181 265 477 769 833 799 906

Faculty 23 40 85 93 97 93 90

Community organizations 31 31 90 118 141 150 136

Students social action hours 2.675 30.247 53.445 80.693 86.815 86.887 92.890

Table 2.  Service Learning Programme accumulative outcomes 

Courses with SL component 148

Projects 464

Programmes 48

Students +700 per academic year

Faculty 201

Community organizations 351

Students social action hours 433.653

SL experiences has also had an important presence in School of Engineering, with Final 
Projects and different courses with SL component. 
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Service Learning Programme Engineering Projects

Table 3.  Service Learning Programme Engineering experiences in students Final Projects

Project Academic programme 

Learning methodological strategies for children 
with Asperger

Degree in Telematics Engineering

Mobile application for people with cerebral palsy Degree in Telematics Engineering

Mobile application for the Transfusion Centre and 
Tissue Bank

Degree in Telematics Engineering

Degree in Computer Engineering

Environmental impact study of electrical pylons in 
a neighborhood 

Degree in Electric Engineering

Design of an interactive game for people with cer-
ebral palsy

Degree in Computer Engineering 

Reduction of waste valorization of a recovery sec-
ond hand-objects entity and software creation

Degree in Computer Engineering

Web design and promotion of sociocultural entity 
actions

Degree in Computer Engineering

Mobile application for children with autism who 
get lost

Degree in Computer Engineering 

Degree in Telematics Engineering

 Project on water management Degree in Chemical Engineering

Standardization of plants for the treatment of 
drinking water in the region of Orellana (Ecuador)

Degree in Chemical Engineering

Tecnhology innovations in cerebral palsy Master’s Degree in Technology and Engineering 
Management 

Table 4.  Service Learning Programme Engineering projects in academic courses

Project Courses with SL component Academic programme 

Mobile application for via ferra-
tas (climbing route) and evalua-
tion of its usability

Human-computer interaction Degree in Computer Engineer-
ing

Distribution and water manage-
ment for a Community Gardens 
project

Hydraulics Degree in Mechanical Engineer-
ing

Project design and manufactur-
ing process of equipments for 
Higher Education Institutes

Mechanical technology Degree in Mechanical Engineer-
ing
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Conclusion

The URV’s commitment to institutionalizing the SLP is, indeed, a means of incentivizing 
and promoting USR through socially innovative projects. This has been possible at the URV 
thanks to the wide range of social, cultural and environmental projects that are available to 
the members of the university community.

The SLP provides a space where groups dealing with issues such as the needs of in-
dividuals with different types of disability, the promotion of health, responsibility for ani-
mal welfare, the promotion of culture and traditions, the conservation of natural spaces and 
the defense of the rights of vulnerable groups can make themselves heard, encounter like-
minded people and create synergies. 

Engineering SL projects implementation in our university have had a smaller impact 
than in other URV studies (such as social and legal sciences, health sciences or even archi-
tecture studies). In order to promote SL presence in engineering faculties and schools, a 
team of four faculty members and SL staff member began to work in an impact study of SL 
at the institution, with special importance in the implementation of strategies in those areas 
where SL has a smaller presence. 

References 

1.	 Beltrán, I., et  al., La responsabilidad social universitaria, el reto de su construcción perma-
nente, 2008. Available in http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-
28722014000300001 

2.	 Higher Education Institutions & Responsible Research and Innovation (HEIRRI) Available in https://
issuu.com/heirriproject/docs/d2.3_heirri_database_-_wp2_stock_ta 

3.	 International Association of Universities, In Focus. Social Innovation: Challenges and Perspectives 
for Higher Education, 2015. Available in http://www.iau-hesd.net/en/news/2463-iau-horizons-211-
focuses-social-innovation-challenges-and-perspectives-higher-education 

4.	 Marquès i Banqué, M., La dimensión docente de la Responsabilidad Social Universitaria: la institu-
cionalización del aprendizaje servicio en la Universitat Rovira i Virgili, 2014. Available in http://
www.urv.cat/media/upload/arxius/aprenentatge-servei/Jornades%20i%20congressos%20APS/
MMarques-%20RSU%20-%20APS.pdf 

5.	 Ministerio de Educación, La responsabilidad social de la universidad y el desarrollo sosteni-
ble, 2011. Available in https://sede.educacion.gob.es/publiventa/descarga.action?f_codigo_
agc=14925_19 

6.	 Universitat Rovira i Virgili, Documento marco del Programa de Aprendizaje Servicio, 2012. Avail-
able in http://www.urv.cat/media/upload/arxius/aprenentatge-servei/Docs%20APS/DM_APS_cast.
pdf 

http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-28722014000300001
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-28722014000300001
https://issuu.com/heirriproject/docs/d2.3_heirri_database_-_wp2_stock_ta
https://issuu.com/heirriproject/docs/d2.3_heirri_database_-_wp2_stock_ta
http://www.iau-hesd.net/en/news/2463-iau-horizons-211-focuses-social-innovation-challenges-and-perspectives-higher-education
http://www.iau-hesd.net/en/news/2463-iau-horizons-211-focuses-social-innovation-challenges-and-perspectives-higher-education
http://www.urv.cat/media/upload/arxius/aprenentatge-servei/Jornades i congressos APS/MMarques- RSU - APS.pdf
http://www.urv.cat/media/upload/arxius/aprenentatge-servei/Jornades i congressos APS/MMarques- RSU - APS.pdf
http://www.urv.cat/media/upload/arxius/aprenentatge-servei/Jornades i congressos APS/MMarques- RSU - APS.pdf
https://sede.educacion.gob.es/publiventa/descarga.action?f_codigo_agc=14925_19
https://sede.educacion.gob.es/publiventa/descarga.action?f_codigo_agc=14925_19
http://www.urv.cat/media/upload/arxius/aprenentatge-servei/Docs APS/DM_APS_cast.pdf
http://www.urv.cat/media/upload/arxius/aprenentatge-servei/Docs APS/DM_APS_cast.pdf


SECOND INTERNACIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE 21ST CENTURY – ICEE21C 2019

185

S-5

Influence and Possibilities of Cloud 
Computing in Engineering Education

Juan V. Capella1*, Luis Escolar2

1 Universitat Politècnica de València, Dept. of Computer Engineering.  
Camino de vera s/n 46022 Valencia 
2 Bits & Chips  (www.bitschips.com) 

*jcapella@disca.upv.es

The cloud is a new environment that is changing the hardware infrastructure land-
scape around the world, defining services very well and influencing not only the way of 
working, but also the necessary training in the ICT world. How will it influence the model 
of university education? Will it drag the university education? Is it a real threat to the cur-
rent training? How will the university respond? In whose hands will the formation of the fu-
ture lie?

In this line, this work, rather than strictly dealing with cloud computing technology, 
presents experiences and ideas for the use of available services of cloud computing as a tool 
both inside and outside the classroom / laboratory, which allows us to take advantage of the 
motivation that these technologies arouse in the students and the possibilities of them to 
extend the learning process at any time and place, considering that like any other tool, it 
can be positive or negative depending on the circumstances, the needs of the students, the 
learning objectives or the educational activity to be carried out .

As advantages of the application of the cloud services we can highlight that they en-
hance student participation, eliminate time and space barriers to carry out any task, facilitate 
access to digital content, at any time, and the possibility of sharing them in any place. It is 
what is known as ubiquitous learning. This is usually defined, as the learning that occurs any-
where and at any time.

They also generate a great motivation in the students by the amount of applications 
available, innovative and that allow to enhance creativity, and of course they facilitate access 
to infinite quality educational content, as well as interactive activities that allow to offer a fol-
low-up for the evaluation.
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To adapt and encourage collaborative learning to new paradigms, it is necessary to 
study the application of new tools that favour such learning in the ubiquitous environ-
ments that currently prevail, and that can offer so many benefits. The cloud services of 
Google, by virtue of being free and universally known, constitute a pillar that allows for 
the reinforcement of learning and evaluation in teaching, in any field, academic, private, 
public, even during the early stages of Education. We focus in most cases on writing, con-
jecturing and betting on the use of tools that help in the teaching tasks during the not 
so early learning stages and we put aside their application in children’s cycles, where the 
presence of digital resources tablets and mobile devices in front of the classic blackboard 
has so much weight. Undoubtedly, the Internet connection and affordable technological 
means allow to introduce the use of these online tools in an almost transparent way, where 
it is not necessary to perform any installation and the only associated cost is the training, 
which is in many cases a determining factor for successfully apply these new learning para-
digms that will greatly improve the teaching - learning process.

Services used outside the classroom

For work outside the classroom, applications such as Coogle (https://coggle.
it/?lang=en) that allow developing conceptual maps are also very appropriate, since they fa-
vour the student assimilating the contents by asking them to make a conceptual map about 
a subject treated.

On the other hand all the multimedia resources, teaching videos, etc. that the 
teaching staff can develop adhoc or can select from repositories like the institutional re-
pository of the UPV Riunet (https://riunet.upv.es) that as you can see in figure 1 are ac-
cessible at any time and place from mobile devices, resulting in good support and guid-
ance for the student’s work outside the classroom.Figures/Tables should be included in 
the text.

Finally, indicate that there are applications such as Google Drive that allows you to 
share all types of files and facilitates work in a remote group, or the shared Google agenda 
that can allow us to place work delivery dates, exams, follow-up tutorials, control of class at-
tendance, support for methodologies based on gamification, among others. 
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Figure 1.  UPV Cloud repository: Video-lessons, multimedia materials, virtual labs, etc

Services and applications used within the classroom / lab

In the classroom, it is often very useful to quickly know the level of our students on a 
specific topic, their prior knowledge or their opinion on a topic. For these applications, such 
as Menterimeter (https://www.mentimeter.com), Socrative (https://www.socrative.com) or 



188

SECOND INTERNACIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE 21ST CENTURY – ICEE21C 2019

Kahoot (https://kahoot.com) are very suitable, allowing to carry out the survey or test the 
students using their mobile devices as if they were a game and showing the teacher the re-
sults immediately, both numerically and through graphics.

Applications of augmented reality such as layar (https://www.layar.com), facilitate novel 
experiences in classroom or laboratory practice. In general terms, augmented reality con-
sists of the vision through a device of a physical environment of the real world, whose ele-
ments are combined with virtual ones (usually superimposed information) for the creation of 
a hybrid reality in real time. 

Conclusions

Cloud computing is a reality that is generating a great expectation in education due to 
the large number of services available, which with the appropriate methodology can be a 
great resource for improving the learning process.

In this paper we will provide some guidelines and applications that allow us to take ad-
vantage of the potential of cloud services both inside and outside the classroom / lab, which 
are giving good results in higher education environments.
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The project carried out around the educational gardens has been a multidiscipli-
nary experience coordinated between several departments of the Universitat Jaume I 
of Castellón (UJI), the Workshop of Vocational Training in the speciality of Gardening, 
Nursery and Ecological Horticulture of Cáritas Diocesana de Segorbe -Castellón (CFO 
Worshop) as well as other professionals with extensive experience related to the topics 
addressed. The project has involved both students and teachers of Degree of Agri-Food 
Engineering and Rural Areas, Degree Primary Teacher Training and the Vocational Train-
ing Workshop. Throughout the project, learning activities of different university degrees 
were combined using the educational gardens as scenario. In addition, CFO Workshop, 
a non-university training entity with a high social commitment with extensive profes-
sional experience in the specific field, has also participated as a key external collabora-
tor. The main goal was that the university students with different profiles, design and im-
plement an educational garden within the university campus during one course. In the 
first semester the students of Agri-Food Engineering presented their proposals for an 
educational garden in a specific location within the university. During the second semes-
ter, some of the previously presented ideas from the engineering students for the edu-
cational garden were selected and implemented by the students in the Degree of Pri-
mary Teacher Training. Different results were obtained: the implemented educational 
garden can be used as learning tool for both engineering and educational degrees, the 
engineering students followed a service learning activity and also that the education stu-

mailto:lhernand@uji.es
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dents can learn from a practical point of view the use of an educational garden as fu-
ture professionals in the primary education. The experience has been evaluated by all 
the participants as very satisfactory, with what will continue to be implemented and im-
proved in future editions

Introduction 

The teaching innovation of this proposal focuses on the use of gardens as a training 
space, didactic resource and educational context for university teaching-learning in the en-
vironmental field. This instructional strategy has been coined in the USA as Garden-Based 
Learning and includes “the programs, activities and projects in which the garden is the ba-
sis for integrated learning, in and between disciplines, through active, motivating, and real-
world experiences”. The great versatility that the educational gardens present, favours the 
interdisciplinary nature of the project, that has involved the participation of teachers and stu-
dents from different university degrees.

Another key innovative piece in this project is the collaboration between the interdis-
ciplinary team of the UJI, with different primary schools around the university with around 
the university with educational gardens and also with the Workshop of Gardening and 
Nursery of Cáritas (hereinafter CFO Workshop) (Barrio de San Lorenzo, Castellón) (see Fig-
ure 1). This vocational training workshop is aimed at unemployed young people between 
16 and 20 years old at risk of social exclusion. During the workshop both technical-profes-
sional content as well as social skills, personal and work habits are taught, with the objec-
tives to develop their personal maturity and increase their chances of accessing the labour 
market. 

Throughout the project, environmental training activities carried out in the educational 
gardens, the collaboration of the university educational community, both doors in and out 
doors, in this case with a non-university training entities has been promoted.

Results and Discussion

The project has been carried out during the 2018/2019 academic year, mainly involv-
ing teachers and students from the Degree of Agri-Food Engineering and Degree Primary 
Teacher Training. The methodology and activities to be followed in the project consist of 
the phases / activities linked to educational gardens and presented below.

PHASE 1. Identification of joint training actions

Meetings among the different members participating in the project to match specific 
competences of the subjects involved in the project, mainly Irrigation in the case of the Agri-
food engineering and Teaching Natural Sciences in the case of Primary Teacher Training

PHASE 2. Design of joint training actions

Selection of teaching / learning methodology to be applied in the training action, as 
well as scheduling and preparation of training materials, of some of the training actions 
identified in Phase 1 of the project. 



SECOND INTERNACIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE 21ST CENTURY – ICEE21C 2019

191

PHASE 3. Implementation of joint training actions

Those mature training actions, with resources available for their implementation and 
with possibilities of adjustment of semesters of the 2018/19 academic year were be car-
ried out

PHASE 4. Evaluation of joint training actions

Since the formative actions carried out have been new in the subjects of the different 
participating educational levels, the satisfaction of the participants with respect to different 
axes has been collected as well as the information on possible improvements to be imple-
mented in new editions.

PHASE 5. Compilation of joint training activities carried out

Information has been collected in a systematized manner of the joint actions carried 
out, so that they can serve as a framework and example for the implementation of future 
similar actions

PHASE 6. Dissemination of the results of the project

Once the part of realization of the formative actions has been completed, a stage has 
been taken to present the project in the media and also in seminars, conferences, meetings 
and congresses.

Figure 1.  Visit with the university students to CFO Worksho (left) and CEIP Castalia (right) 

 

Once phases 1 and 2 have been carried out, the joint activities planned to be carried 
out during the 2018/2019 academic year have been the following:

•	 Identification from the teachers of both degrees about the requirements to be met 
by the design of the educational garden in the university

•	 Presentation to the Irrigation students from agri-food engineering degree about the 
educational garden that they have to design in groups during the development of 
the subject (september to December) as part of their evaluation

•	 Visit with the irrigation students to good practices of educational gardens near the 
university (CFO Workshop, CEIP Castalia, etc) (see Figure 1)
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•	 Development of the proposals of different designs for the educational gardens from 
the different groups of irrigation students supervised by the teachers, technitians, 
etc. This work has been proposed as a service learning project in which students have 
been grouped into “companies” whose mission was to propose the design of the 
educational garden in an specific location of the university. For this they have had 
at their disposal different visits to the “client” as well as advice from professional ex-
perts on the subject.

•	 Presentation open to the public about the irrigation students educational garden 
proposals, where the client, the teachers, the students from Degree Primary Teacher 
Training, CFO workshops and different teachers from primary schools with educa-
tional gardens attended, commented and evaluated the different student proposals 
(see Figure 2)

Figure 2.  Presentation of irrigation student’s proposals 

 

•	 Selection an implementation of ideas from the proposals from the students and 
teachers of Degree Primary Teacher Training.

Figure 3.  Implementation of ideas for the education garden from the Degree of Primary 
Teacher Training 

 



SECOND INTERNACIONAL CONFERENCE ON ENGINEERING EDUCATION FOR THE 21ST CENTURY – ICEE21C 2019

193

The approach of the project has been something new both by the teachers involved, 
with what is very motivating on the one hand, but also represents a path to be explored that 
presents many unknowns to be solved as it progresses along the way.

The capacity of the working groups to solve the different problems that have arisen 
during the implementation have been solved thanks to the long experience of joint collabo-
rations between the participants, mutual trust and close collaboration between the different 
multidisciplinary fields.

In order to collect the impressions of the participants of the project (students and 
teachers more actively involved in the different activities, as well as those attending the 
final day of presentation of the project) as well as to propose possible improvements in 
future editions of this type of project activities, surveys were carried out both in face-to-
face discussion groups and in anonymous surveys. The evaluation of the participants was 
clearly satisfactory

Conclusions

The conclusions obtained throughout the project have been:

•	 Improvement of the specific and transversal competences (especially social respon-
sibility and team work) of the participating students through training activities to be 
carried out in the educational gardens.

•	 Approach of students to situations close to the development of their profession. The 
students of each degree of the UJI have developed formative experiences in the ed-
ucationalgarden related to their specific competences, so that the garden has served 
as a testing ground for the practical implementation of theoretical knowledge and is 
aligned with the improvement of the employability of the student

•	 Promotion of the interdisciplinary collaboration of teachers and students of the UJI, 
as well as cooperation between different educational areas and of these with the pro-
fessional sector through joint training actions.

•	 Improvement of the opening of the university to society, by proposing training ac-
tions in collaboration with other local training entities with high social impact and 
with external professionals.

•	 On-site knowledge of good practices in the use of gardens as a training tool in the 
university environment.

•	 Dissemination of experience, both in the academic and social fields

The project has served as a first experience of multidisciplinary coordination between dif-
ferent educational levels, with the educational garden as the central axis of learning activities.
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Introduction

Society demands from the University to be an active actor for society transformation, 
and not only a centre of research and training of highly qualified professionals. According to 
Castells [1], the University has the task of adapting to the many nowadays’ changes, such as 
those in the information and communication society, the social networks, a neoliberal eco-
nomic model and the delocalization and decentralization of knowledge.

Indeed, civic responsibility and social commitment are considered as important val-
ues for a proper professional development. So, these aspects ought to be considered into 
professionals’ competences; whose integral formation is the focus for higher education [2]. 
Thus, the training of professionals, that are both competent and committed with the social 
development, constitutes nowadays a core mission in that educative context [3]. This holistic 
and integrated vision of education pursues the formation of able citizens, capable of adapt-
ing to the current changing, complex and inconstant social context.

Many Universities have institutional strategies and plans around social commitment, in 
an effort for University to be an agent for social change, both in the close, local environment 
and the globalized world. However, students scarcely get involved in these types of actions 
and, when they do so, they are usually carried out in extra-curricular facets.
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So, the authors of this work consider that, additionally, actions and activities aimed for 
working and developing social commitment responsibility can be considered as a part of 
the students’ formative process. Nevertheless, there can be some difficulties in integrating 
these competences within the structure of conventional subjects. Then, the teaching-learn-
ing process becomes more complex and requires of new methodologies and approaches; 
especially in some fields, such as engineering, where the interaction with disadvantaged 
people and groups is not as evident as in other disciplines. So the implementation of 
novel learning methodologies can be helpful in order to achieve that purpose.

Therefore, we consider essential to address efforts devoted to propose educational 
approaches that enables the introduction of the new competencies associated with the 
sustainability. The aim for that is the formation of not only qualified technical specialists 
but also professionals who are competent and committed to their surroundings [4]. Civic 
responsibility and social commitment are thus considered as values to be linked to their 
professional careers; therefore these abilities have to be trained during their educative 
period, as a highlight amongst the tasks higher education has to fulfil [2]. University so-
cial responsibility seeks for the public good and advocates a more fair and democratic 
society, and directs the educational model and the teaching activity towards this direc-
tion [5].

Among the new teaching methodologies, perhaps the one that suits the best this pur-
pose for the field of engineering is the Service Learning (SL), a learning method based on 
an experience that arises from a social request [6]. The Chilean Education Ministry [7] states 
that SL results in community service pedagogical projects that are integrated in the curricu-
lum. By means of these projects, students apply, verify and go more deeply into their knowl-
edge, as well as the provide solutions to community problem; so they discover, apply and 
fathom out the concepts of their discipline and their relationship with real situations and the 
solving of concrete problems. 

Therefore, SL is a form of education based on experience that responds to a social de-
mand. With this method of teaching, learning occurs through a cycle of action and reflec-
tion through which students work with other colleagues in a process of applying what they 
have learned to the problems of the community. At the same time, the students reflect on 
the experience of pursuing real objectives for the community and increasing their own un-
derstanding and skills. It is, in conclusion, a methodology where students have to face up to 
community problems, seek for and think over real objectives thus boosting their own com-
prehension and skills, and developing multiple human dimensions while they cultivate civic 
and social responsibilities [8].

This tool is proving to be an excellent vector for the integration of sustainability and 
University Social Responsibility in the engineering subjects, since it can be applied in a rela-
tively simple way to engineering problems and projects, thus allowing its integration in the 
curricula. In this sense, if the service in question is directly related to the content of the sub-
ject or subjects, it permits not only to work on its academic content, but it also provides a 
framework in which the student can learn about complex social problems and their role as 
engineers in them [9-11]. Concretely, when considering the ‘service’ approach of this meth-
odology, two side effects arise:
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a)	 First, an extra-curricular agent is involved, who is the potential beneficiary of the 
service. That provides the experience with a very highly professional dimension, as it 
transcends the traditional academic projects the teacher is to assess.

b)	 Secondly, the human side of the project, which makes students to get more deeply 
involved in their development; thus making their teaching-learning process more ef-
fective.

Methodology

In the present communication, the SL will be presented as a very powerful methodolog-
ical tool, which can be applied in engineering subjects relatively easily, illustrated by both 
past experiences and present projects that are being carried out at the Universitat Jaume I.

These actions have been developed in a coordinated manner between two subjects of 
the second course of the degree of Industrial Design and Product Development Engineering 
of Universitat Jaume I at Castellón de la Plana. In these experiences, students have worked 
throughout a whole academic year in designing a product which has been promoted by local 
collectives of dependent people, which have been changing year by year. So, every academic 
year, the experience has been carried out during its two terms, in a coordinated manner be-
tween teachers and students of two different subjects (Conceptual Design and Materials II), 
jointly with the technical staff of the residential homes, and the final users themselves.

So, diverse activities are normally programmed temporally for correctly applying this 
methodology. During the first semester, there usually are various meetings between pro-
moters and professors, as well as the visit of students to the residential homes, which end in 
the realization of several conceptual ideation proposals for that year’s product. In the sec-
ond semester, the ideas are developed and studied in terms of usage and materials, and 
prototypes are materialized in workrooms. Finally the prototypes are presented and handed 
out to promoters and users.

The complexity of these experiences lies in various aspects:

•	 The horizontal coordination between different subjects, both in field of knowledge 
and typology, from the same academic year.

•	 The vertical integration of aspects from other subject of the degree, which have to be 
somehow taken into certain account (modelling and prototyping, mechanical valida-
tions, ergonomics…). Sometimes, these aspects belong to subjects that students have 
not followed yet, so that adds extra difficulties. But when they finish their project, they 
see they can overcome difficulties and better understand their discipline.

But, on the other hand, several benefits arise from these activities:

•	 Students acquire a more complete vision of the engineering and design processes, in 
the first years of their degree.

•	 Non-academic relationships are established with real promoters, which provide the 
projects with a professionalizing atmosphere.

•	 Students end up by feeling more confident about their capabilities and more prone 
to deal with challenges.
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•	 Students extend their reflection, vision and execution of a design project far beyond 
their merely academic nature.

•	 Students become aware of social diversity as well as the importance of inclusivity in 
engineering and, specifically, in design processes.

Finally, these experiences were assessed in terms of its impact, by means of the analysis 
of the impressions of the stakeholders (teaching staff, students, technicians and final users). 
To do so, various surveys and interviews are developed, at the end of each yearly project, in 
order to obtain results, both qualitative and quantitative, which improve the comprehension 
on what these experiences meant for all the interest groups.

Conclusion

This methodology has been applied at its full extent during three consecutive aca-
demic years. The results provided by the students have improved over the years. It is impor-
tant to highlight that it is a motivating and powerful experience that makes students reflect 
upon the design process, the collaboration with disadvantaged communities and the life. All 
the opinions collected, regarding the engagement, the participation and the change in the 
mindset of the students who had participated in the experiences, were positive.

The implication of the students, via the reciprocal visits to the promoters and the bonds 
that were established with the final users, made them more responsible about the final re-
sults. For that reason, their quality were higher.

It could be thought that, perhaps, the themes –and their development– in the frame-
work of the SL methodology were more complex to develop than other topics proposed 
in previous academic years. Anyway, although at the beginning students are reluctant 
and think they will not be able to contribute improving the proposed product, the results 
showed that there were always interesting contributions, which were very much appreciated 
both by the promoters and by the final users. 

For this reason, it can be said that the implementation of the SL methodology in studies 
which combine creative and technical fields, such as the Industrial Design and Product De-
velopment Engineering Degree, can improve the students’ motivation towards subjects and 
their vision of these subjects as being interrelated to conform a unified discipline. Further-
more, SL provides them with a vital experience of collaboration that helps them thinking on 
design as a tool for the development and improvement of the quality of life of the people.
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