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HIGHLIGHTS

e More than a change in teaching or curriculum is necessary: sustainability indicates a change of
cultural paradigm

e University is called to interpret and transform reality creatively facing the social, economic and
environmental challengers.

o Education for Sustainable Development, ESD, prepares learners to understand and respond to
the changing world and drives sustainable development

e Problem-Based Learning, PBL, and Bachelor’s Degree Dissertations within the framework of a
research project on sustainability in urban planning and within the framework of a research
project on the recovery of cement-based waste.
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ABSTRACT

UNESCO highlights the crucial role of higher education in achieving each of the 17 SDGs (Sustainable
Development Goals). Thus, students should acquire the knowledge and skills needed to promote sustainable
development. In this context, the University of the Basque Country (UPV/EHU) has developed the Campus Bizia
Lab programme as an initiative derived from the Project Erasmus University Educators for Sustainable
Development. The aim of the initiative has been to promote a collaborative process between academic staff,
service and administrative staff and students, creating a transdisciplinary community to respond to sustainability
challenges within the university. In the framework of the programme, pedagogical approaches for sustainable
development have been developed for the Grades of Technical Architecture and Civil Engineering at the
University of the Basque Country, UPV/EHU. The paper presents the methodologies developed and analyses

the effect on learning process.
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1. INTRODUCTION

Education for Sustainable Development (ESD)
was endorsed by UNESCO’s 37th General
Conference in November 2013 and was
launched at the UNESCO World Conference on
ESD in November 2014 [1]. The common
perception was that more than a change in
teaching or curriculum was necessary;
sustainability indicated a change of cultural
paradigm. This new worldview entailed a shift of
emphasis from relationships based on
fragmentation, control and manipulation towards
those based on participation, mutual respect and
collaboration [2]. Being University a subsystem
of society, oriented by its needs, values and
norms, a slow and laborious process of change
was foreseen. Besides, a virus that suddenly
appeared, submitted us to a total revision and
University was called irretrievably to interpret and
transform reality creatively facing the social,
economic and environmental challengers.
Globalization is called to serve and globalize all
its benefits, both techno-economic and socio-
political, as well as cultural. In this pandemic, the
raison d'étre of professions and jobs has
become evident, they have been valued for what
they do for others, for the integrity of their ethics,
for knowing how to put the human person at the

focus of doing and on the horizon of
commitment, beyond profit, security and
success. Nothing further from success and
individualistic careerism, the professions have
been valued for what they do for the common
good. Thus, more than ever, competences
proposed by ESD are needed. It is time to

change teaching methods, it is the most
propitious moment to make disappear
stereotypical and routine study, without

connection with the community, human being
and nature. ESD prepares learners to
understand and respond to the changing world
and drives sustainable development [3]. It
produces learning outcomes that include core
competences, which can be summarized in
twelve  competences: systems thinking,
interdisciplinary work, anticipatory thinking,
justice, responsibility and ethics, critical thinking
and analysis, interpersonal relations and
collaboration, empathy and change of
perspective, communication and use of media,
strategic  action,  personal involvement,
assessment and evaluation, and tolerance for
ambiguity and uncertainty [4]. Thus, to develop
these new competences, new pedagogical
approaches have been incorporated, such as
brainstorming, peer assessment, problem-
based learning, collaborative learning, online
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discussion forums, games and
simulations, among others [5-8].

systems

The UPV/EHU has developed the Campus Bizia
Lab programme as an initiative derived from the
Project Erasmus University Educators for
Sustainable Development (2013-2016). The aim
of the initiative is to promote a collaborative
process between academic staff, service and
administrative staff and students, creating a
transdisciplinary community, to respond to
sustainability challenges within the university. It
is an initiative driven by the Sustainability
Directorate and the Educational Advisory
Service, both belonging to the Vice-Chancellor’s
Office for Innovation, Social Commitment and
Social Action of the UPV/EHU. Bachelor ‘s
Degree Dissertations (TFG) and Master’s Degree
Dissertations (TFM) from Faculties (Engineering,
Education, Science, Pharmacy, Economics and
business) are developed within the framework of
the program. The challenges addressed in the
dissertations are designed and based on needs
analysis in the Campuses; thus, they not only
provide a return in terms of participants
(students, faculty and staff) learning, but also
contribute to a more sustainable management of
the university itself.

On the other hand, the duty of an academic
teacher is to provide students with the capacity
to associate the parts with the whole, and to go
even further, establishing relationships with
external elements, thus transferring ideas and
generalising principles, and as mentioned
above, currently, under the prism of
sustainability. Thus, some teachers of the degree
of Technical Architecture have developed new
teaching approaches, some of them within the
framework of the aforementioned BizialLab
programme. In this paper, three pedagogical
approaches are presented: A Problem-Based
Learning (PBL), TFG within the framework of a
research project on sustainability in urban

planning and TFG within the framework of a
research project on the recovery of cement-
based waste.

2. METHODOLOGY
2.1. PBL, Problem-based learning

Recent research studies on university teaching
indicate that the essential factor to foster
academic success is students’ engagement in
their education and training [9], understanding
by engagement, the amount of physical and
psychological energy that students invest in
academic experience [10]. Engagement leads to
the development of an activity, in the case of the
university, a mental activity, which must lead
directly to in-depth learning, that is, to level IV,
relational, and level V, extended abstract,
according to the SOLO taxonomy (Structure of
the Observed Learning Outcome) proposed by
Biggs and Collis [11].

Universities of international standing have
developed teaching-learning methodologies
where students play a leading role in their
education process, the so-called active teaching
methodologies. PBL is one of the most highly
developed in the university environment. In PBL,
students work independently to explore a
problem proposed by the professor. With this
methodology, the students themselves, during
the work they carry out to solve the problem,
encounter the curricular objectives. The
professor acts as a mere facilitator of the task
rather than a source of knowledge of the
discipline. The basic difference compared with
traditional theoretical problems is that the
ultimate objective in PBL is not to solve the
problem, but to discuss how to solve the
problem, which leads to the student’s learning
experience [12-14].
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With PBL students develop thinking, learning
and working skills, and it also enables them to
better retain information, as well as integrate a
working and knowledge model [15, 16].
Moreover, with this pedagogical proposal,
students acquire other transversal
competencies, in addition to the typical ones of
the degree: Learning independently; Applying
new knowledge to solve different problems that
are similar to the ones that will emerge in the
different facets of their work; Working as a team
under supervision; ldentifying their objectives, in
this case, learning objectives; Efficiently
managing their time, benefiting, in this process,
from their colleagues’ collaboration.

Any PBL approach must have four basic
ingredients: Use of a problem as a starting point
to acquire new knowledge; Students’
management of their own learning; Group work;
Professor acting as a facilitator. And the following
basic actions must be carried out to plan the
PBL: Select the pedagogical objectives that,
framed within the competencies established in
the area, students should achieve with the
activity; Propose the situation-problem that
students will have to work on, which must be:
relevant for the students’ professional practice,
complicated, but not impossible, so that it
represents a challenge for students and
extensive so that students can ask questions and
address the problem taking into account the big
picture, Guide the rules of group work and

Fig. 1: Images of the three metal pieces that comprise the Peine del Viento.

activities conducive to solving the problem;
Perfectly establish the activity times; Organise
tutorials where students can consult doubts,
uncertainties, achievements, etc. The PBL
approach was designed for a subject, which
belong to module Chemistry, and Geology,
Fundamentals of Materials. The subject is
divided into several thematic units and the PBL
was designed for the thematic unit called
Material Properties and Testing. In the PBL, to
work on ESD competences, not only problems
associated with the subject, but also climate
change, was considered. Thus, the scenario of
the PBL situation-problem is in the Peine del
Viento, in an important sculptural complex for the
city of San Sebastian (Fig. 1). This collection of
sculptures has been selected as the scenario for
the problem because it is a spot that is
characteristic of the city. In its objective to
produce a merger between the natural and the
artificial, the author used two basic construction
materials: natural rock and steel, which allows us
to use it as an optimum scenario to study the
physical and mechanical properties of
construction materials. On the other hand, the
increasingly frequent storms on the coast of the
Bay of Biscay, which are causing considerable
damage, have led us to pose a PBL problem that
can adapt perfectly to reality. In
http://hdl.handle.net/10810/17756 the complete
description of the resource can be found.
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2.2 LCA: NEST, Neighbourhood Evaluation
for Sustainable Territories

NEST was developed through a PhD thesis [17]
focused on the environmental assessment of
eco-neighbourhoods [18]. It is a plugin for
Trimble SketchUp. Analysis is performed on the
3D master plan of the neighbourhood, and it
performs the assessment of a set of indicators
that was developed through a scientific
approach to operational urban planning
objectives. NEST presents a graphical and
ergonomic interface, very useful for promoting
analysis and action, confronting theory with
reality. Thus, it is a tool that aims at assessing
environmental impacts of neighbourhood scale
projects, based on life cycle assessment (LCA)
methodology. Besides, it allows establishing
more sustainable future scenarios.

2.3 Research

Lozano et al analysed the relationship between
ESD competences and teaching methodologies
and concluded that most of the methodologies
should be based on constructivism [4]. In this
context, the student constructs its knowledge
[19]. The most effective way to construct
knowledge is by researching. Therefore, TFG
students are once again involved in a research
project within the framework of the Bizia Lab
programme. The aim of the project is to develop
a recycle methodology for the waste generated
in the laboratory practices of the Building

Materials course. This debris accumulates in
laboratories, just as it happens in our
environment with Construction and Demolition
(C&D) materials. The methodology used in the
development of the TFG is the scientific process:
bibliographic review, testing, interpretation of
results and conclusions. The tests carried out
are, firstly, the physical-chemical
characterization of the generated materials,

spectroscopy, and thermographic analysis, and
then, mechanical tests of bending and
compression. Finally, according to the results
obtained, a methodology for C&D recycling is
proposed. The methodology will be shared in
conferences and journals and will be included in
the programs of building higher studies.In the
framework of the Bizia Lab programme a
research project was developed. The aims of the
project were the environmental evaluation of the
four campuses of the UPV/EHU and the proposal
of more sustainable refurbishment scenarios for
carrying out in the next few years. To develop the
research, the NEST tool was used and four TFGs
were developed.

3. RESULTS
3.1. PBL Problem based learning.

The PBL was designed during the 2012-2013
academic year and was implemented in the
classroom for the first time during the 2013-14
course. It has been evaluated with the text results
and the degree of motivation of the students. The
instrument used to measure students’
motivation, has approximated the Problem
Solving Inventory test, PSI [20]. The test has 20
items and, in each item, (statement) students
have to evaluate their own perception following
5-point Likert-type scale (1=strongly disagree,
5=strongly agree). It is filled out by students at
the end of term. For the statistical analysis
Statgraphics Centurion 18 is used. Firstly, the
mean and standard deviation (SD) for PSI test is
calculated. Then, the results (on a scale of 1 to
10) of the partial examinations of physical
properties (PP) and mechanical properties (MP)
before and after PBL method are compared, a t-
test with a significance level of 0,05 is run. Finally,
the correlation between PSI scores and the
results of the partial examinations is analysed.
The mean and SD for PSI test are 3,3 and 1,342,
respectively. In view of this result, it can be
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concluded that the application of the PBL
stimulate students” motivation to learn about
materials for construction. Table 1 shows mean
and SD in individual marks of the partial
examinations of physical properties and
mechanical properties before and after PBL.

Table 1: Mean and SD individual marks.

Mean (SD) before PBL Mean (SD) after PBL

PP 5,5 (2,104) 6,6 (2,135)

MP 4,6 (1,989) 6,6 (2,070)

For PP a statistically significant difference is not
found when comparing marks means, t=-
1,52901, p=0,134543. However, for MP a
statistically significant difference is found, t=-
3,21313, p=0,00267595. Thus, although some
improvement is observed in PP, it can be only
concluded that the PBL supposes a significant
improvement to students in MP. Finally,
regarding the correlation between PSI scores
and the results of the partial examinations, Table
2 shows the Pearson correlation coefficient and
the significance level (SL) for each variable
correlation.

Table 2: Pearson correlation coefficient between PSI and individual marks.

Partial examinations Pearson correlation coefficient (SL)

PP 0,521 (0,018)

MP 0,662 (0,0015)

For a significance level of 0,005 significance
correlation is observed in both cases, PP and
MP. Pearson correlation coefficient values
smaller than one represent positive correlation;
thus, it can be concluded that the higher
motivation the student has, the better mark
he/she obtains.

3.2. NEST, Neighbourhood Evaluation for
Sustainable Territories.

The results obtained in the development of the
TFGs were presented in two congresses: in 82
Congreso Europeo sobre Eficiencia Energéticay
Sostenibilidad en Arquitectura y Urbanismo +
1ier Congreso Internacional de Construccion
Avanzada (Donostia-San Sebastian 3-5 July
2017) and Universidad y Desarrollo Sostenible.
Experiencias de aprendizaje que comprometen
el futuro. Conferencia internacional RED-U 2017
(Bilbao 13, 14 November 2017), one of the
students gave a 20 minutes oral presentation of
the work (Fig. 2 shows the graphic results).
Besides, the students obtained the marks of
excellent in their final dissertations.
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Fig. 2: Screenshots of the four campuses,Eibar,
Leioa-Bilbao, San Sebastian and Gasteiz made with

3.3. RESEARCH

This research work is under development. The
residues of cement and lime mortar test
specimen have been crushed and the aggregate
obtained has been classified. Thus, it can be
concluded that until now the most important
result has been that the laboratory residues have
been recycled.

4. CONCLUSIONS

The Spanish humanist philosopher Ortega vy
Gasset already said: The principle of education
depends much more on the public air in which it
fully floats than on the pedagogical air artificially
produced within its walls [21]. Today more than
ever this statement is of fundamental interest.
Thus, University has the responsibility of
constructing new knowledge to face the current
challenges human being, being one of the most
important to deal with Climate Change and
Global Warming. In the EIG (UPV/EHU) in the
degrees associated with construction, through a
PBL the students face the consequences of
Climate Change. Then, using a tool based on
LCA, they can propose more sustainable
scenarios in urban planning. Finally, involving
them in research carried out at the university,
they made aware of the importance of Circular
Economy. Besides, during the process, they
acquire ESD competences: systems thinking,
interdisciplinary work, anticipatory thinking,

responsibility, critical thinking and analysis,
interpersonal relations and collaboration,
communication and use of media, strategic
action, personal involvement, assessment and
evaluation, and tolerance for ambiguity and
uncertainty
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