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AbstrAct

strength in sustainability is becoming more and more essential for anyone who wants to ded-
icate themselves to the practice of competent and professional engineering. From the scientif-
ic-technical teachings, therefore, the transversal competencies of sustainability and social com-
mitment should be addressed, so that students understand and become aware of the problems 
of a global world. Using the project-based learning tool (PbL), from a practical case, transver-
sal competencies related to the global issues of the sustainable Development Objectives (sDG) 
can be explained and evaluated in a classroom of Engineering or scientific degrees through 
the subject of Linear Algebra. this project presented is novel since usually, in a class of math-
ematics, teacher proposes examples in which we can see an attempt to approximate math to 
essential topics such as sustainability. In this case, the procedure is the other way round; it is 
about setting as the objective of the course the solution of a problem related to sustainability 
and adapting the mathematics program so that throughout the course the problem is solved. 
It is not about looking for application examples of the tools, but looking for algebra tools to 
solve the problem.
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1. introduction

In 2015, was adopted the 2030 Agenda for sustainable 
Development for transform the world and 17 sus-
tainable Development Goals were fixed. One of the 

goals is the number four where in its target 4.7 ensures 
(see Wells[19]), that all learners acquire the knowledge and 
skills needed to promote sustainable development includ-
ing education, global citizenship and cultural diversity. On 

the other hand, all the objectives admit a mathematical ap-
proach that allows them to advance in the achievement of 
the same. therefore, it is important to introduce these as-
pects in higher education and the mathematics subjects so 
that students become aware of them and at the same time, 
they observe that the knowledge of mathematics contrib-
utes positively in the achievement of the Objectives of 
sustainable Development (sDG).
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the University has a basic function to play in imple-
menting the 2030 Agenda for sustainable Development. 
It is an essential performer in achieving quality education, 
but it must also contribute to the training of responsible 
citizens committed to the local sustainable development 
and global.

Progressively, universities and other institutions of 
higher education have been incorporating values and 
practices of sustainable development in its core teaching 
and research activities, institutional management and 
operational systems, even some of them  have prepared  
strategy guides to integrate the learning of the generic 
competition "sustainability and social commitment" [21]. 
However, so far they have mainly focused on justifying 
and reasoning about the need to implement competencies 
on sustainable development but without taking action.

to break this dynamic and choose one of the objectives 
of sustainable development, we introduce in an evaluable 
way the competence of sustainability and social commit-
ment in a subject of the first year of studies of the degree 
of engineering, in order that from the beginning, students 
take Awareness of the global problem of sustainable de-
velopment.

It is clear that having a dedicated course on sustainabil-
ity does not guarantee the students' full understanding of 
the sustainable message. therefore, a solution as already 
indicated colombo et al.[4], Allen et al.[1] and Murphy et 
al.[14] could be to transpose transversely into an existing 
course unit the sustainability elements on which it is de-
sired to focus.

From the scientific-technical teachings, the transversal 
competencies of sustainability and social commitment 
must be addressed, so that students understand and be-
come aware of global problems. Using the project-based 
learning tool (PbL), from a practical case, transversal 
competencies related to the global issues of the sustain-
able Development Objectives[23], can be explained and 
evaluated in the classroom.

crofton[6] indicates that provide education based only 
on technical knowledge is insufficient to address the 
complexity of the problems associated with sustainable 
development. It is also noteworthy that there is a growing 
demand from students to rethink the content and form of 
courses taught in engineering degrees, (trimingham et 
al.[18]). to deal with all this requires training that helps to 
contemplate environmental problems and development as 
a whole.

some essays over sustainability competence implemen-
tation in engineering studies have been reported in recent 
years, for example, an interdisciplinary Project based 
Learning strategy has been applied in the first year of the 

Integrated Master's degree in Industrial Engineering and 
Management at University of Minho (colombo et al.[5]). 
Nevertheless, there are no essays in which the only sub-
ject is Linear Algebra.

this paper presents a proposal of a project to imple-
ment the competence of sustainability and social commit-
ment through PbL in the Linear Algebra subject of the 
first course of the engineering curriculum at any Engineer-
ing schools or sciences faculties that contain this matter 
in its curriculum.

With the proposed implementation of Project-based 
Learning, we not only introduce the competition corre-
sponding to the sustainable development objective of a 
specific goal (in this case, the number 6, although it is 
possible to prepare projects for each of the objectives (see 
Garcia et al.[9]), but also address the number 4 one that is 
related to education. this target is to "Ensure inclusive 
and equitable quality education and promote lifelong 
learning opportunities for all". Given that the PbL pro-
motes quality education and supports curricular innova-
tion, it collaborates in consecution of the sDG number 4.

the project presented is novel since usually, in a class 
of linear algebra; the teacher proposes examples in which 
we can see an attempt to approximate linear algebra to 
essential topics such as sustainability but always from 
mathematical matter. In this case, the procedure is the 
other way round; it is about setting as the objective of the 
course the solution of a problem related to sustainability 
and adapting the linear algebra program so that through-
out the course the problem is solved. It is not about look-
ing for application examples of the tools, but looking for 
algebra tools to solve the problem.

this work is not about introducing the PbL as a teach-
ing method of linear algebra, but to show that its use can 
be a good method to evaluate the transversal competence 
of sustainability and social commitment through a stEM 
subject as well as to help students to reflect on the SDGs.

Integration of sustainability into the curricula of engi-
neering education

since the World commission on Environment and 
Development had presented the "Our common Future" 
known as the brundtland report[20], to the General Assem-
bly in 1987, the concept of sustainable development has 
gained increasing interest and attention. sustainable de-
velopment is defined as development that meets the needs 
of the current generation without compromising the ability 
of future generations. However, the lack of understanding 
and even misinterpretation of this definition has delayed 
the implementation of sustainable practices within the 
framework of Higher Education.

Universities must act as agents of change by promot-
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ing the principles of sustainable development within their 
institutions and in society. As barth and reickmann[2] say, 
there is no doubt about the role that universities must play 
in relation to sustainable development, through education 
and the development of competencies that will contribute 
to a more sustainable future.

Education for sustainable Development (EsD) is 
a learning process based on the principles underlying 
sustainability. this process encompasses a broad range 
of experiences and programs. As stated in the sustain-
ability Education Handbook, published by UNEscO for 
the United Nations Decade of Education for sustainable 
Development (the Manual of Education for sustainabil-
ity[22]), EsD is based on five types of learning to facili-
tate quality education and encourage sustainable human 
development. Which are: "learn to know", "learn to be", 
"learn to live", "learn to do" and "learn to transform one-
self and society". Education for sustainable Development, 
in its broadest sense, is therefore linked to balanced devel-
opment, in which it takes into account the social, cultural, 
environmental and economic dimensions of an improved 
quality of life for present and future generations.

the EsD is of particular importance in engineering 
education, which must include social, environmental 
and economic aspects to training socially responsible 
engineers, as they are basic in development society. 
consequently, engineering education programs should 
be geared towards sustainability by bearing a part in the 
competencies between different disciplines, promoting in-
terdisciplinary and sharing values among them to form for 
a sustainable future.

For this project, we have prepared and developed edu-
cational materials that allow working from Linear Alge-
bra, issues related to sustainable development and social 
commitment. the material must be the basis for the prepa-
ration of projects that students must solve to assess this 
competency to all its dimensions. the competence about 
sustainable development and social commitment is under-
stood as the ability to know and understand the complex-
ity of social and economic phenomena that are typical of 
the welfare state: capacity to relate well with globalization 
and sustainability; capacity to use a stable and compatible 
technology, economy and sustainability (Guides to devel-
op generic skills in designing degrees).

It will work the first level of achievement that is: sys-
tematic analysis and critical global situation, taking into 
account the sustainability of interdisciplinary and sustain-
able human development, and recognizing the social and 
environmental implications of the professional activity of 
the same field.

the other two levels of achievement that can be consid-

ered for undergraduate curricula consist of the following.
For level two: applying sustainability criteria and pro-

fessional codes of conduct, in the design and assessment 
of technological solutions, 

For level three: considering social, economic and en-
vironmental factors in the application of solutions, under-
taking projects that tie in with human development and 
sustainability.

2. Acquisition of Sustainability competence 
through the Subject of linear Algebra
In engineering studies, the subject of Linear Algebra has 
been chosen as an essential and indispensable tool for 
anyone who deals with Mathematics, Arithmetic, Func-
tional Analysis, Differential Geometry, Algebraic topol-
ogy, among others.  In other fields, such as Engineering, 
Linear Algebra is used for example for the calculation of 
structures in which the notion of the eigenvalue is rele-
vant. so it is a subject always thought to be applied in the 
longer term, making it difficult to think of introducing 
competencies other than those of the subject itself.

However, convinced of the importance of sustainability 
issues to be introduced from the outset, we have sought 
ways to make this possible.

Although, many people are convinced that sustainable 
Development is completely disconnected with the mathe-
matical reasoning. Nevertheless, they are very connected, 
and they need each other, and it is essential not only to 
show this relationship to the students but must work both 
competencies simultaneously. We will try to relate first-
year college level math with one of the goals of sustain-
able development, concretely we chose the number six 
goal about clean water and sanitation.

Different mathematical models can be developed, for 
each one of the sustainable Development goals.  As, for 
diverse water problems such as the flow of rivers, lakes, 
reservoirs, drainage networks, supply networks, treatment 
plants, among others, for various renewable energy issues 
such as control of wind speed and direction as a means 
to estimate the region's wind power potential. these 
mathematical models are developed for better understand 
cause-effect relationships, to evaluate scenarios and to 
find alternative solutions to different problems related to 
the considered topic.

Many of these models are linear or linearized, so they 
can be treated using Linear Algebra.

2.1 Project Based learning
Project-based learning (PbL) is a model that organizes the 
students learning around projects.

According to the definitions found in the PBL manuals 
for teachers, projects are complex tasks, based on ques-
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tions or challenging problems, which involve students in 
the design, problem-solving, decision-making, or research 
activities. they give students the opportunity to work rel-
atively autonomously for extended periods of time, and 
culminate in realistic outputs or result presentations (see 
(Jones et al.[11]; thomas et al.[17], for example).

In a course where learning is based on projects, stu-
dents apprehend about a topic by working for an elon-
gated period to investigate and respond to a complicated 
question, challenge, or problem. PbL is an active method 
of learning which starts by posing questions, problems or 
scenarios rather than paper-based, rote memorization, or 
teacher-led instruction that presents facts (see taberna and 
Garcia-Planas[16].

this method of learning presents at least the following 
advantages

Exploit student's autonomy
It allows to work collaboratively.
they come from the interests of the students and are 

motivators therefore.
they involve the development of core competencies.
Allow the work of different intelligences.
Allow the use of different learning strategies.
But, not all are advantages; we can also find some dis-

advantages.
they demand a paradigm shift in the way teachers 

think: we educate how they have educated us.
the concept of educational "level" needs to be rede-

fined. Does the amount of knowledge or the quality of that 
knowledge matter?

Probably, if the change affects a whole matter or a cen-
ter, it is necessary to convince the families of the outcome 
of the project.

they may need more teaching time to achieve the same 
academic goals.

It may at first confuse students.
students who are bright or looking for more grades 

may be uncomfortable in a cooperative work group.
the biggest advantage is that in addition to the skills 

of collaboration, communication, critical thinking and the 
use of new technologies, it is possible to include work 
skills on sustainability. As a result, project-based learning 
helps students make their learning meaningful and re-
warding by connecting them to the real world outside the 
classroom and generating confidence in the realization of 
their possible actions.

then, it is clear that the use of PbL increases the sig-
nificance of the learning that is, the relevance and the use-
fulness of what is learned.

For the PbL to be successful, the tasks to be carried out 
must be explained in detail, giving guides, advice, mate-

rials and offer opportunities for students to put them into 
practice through the tasks and activities proposed in the 
project.

On the other hand, students should be helped to over-
come their tendency to postpone the process of complet-
ing the work by properly structuring the course.

2.1.1 How Does Project-Based learning Work?

Project-based learning, as well as any learning method, 
requires a lot of planning. After a brainstorming, it begins 
with the selected idea and the approach of an essential 
question. then many content standards will be addressed 
and devise a plan that will integrate as many subjects as 
possible into the project (see George Lucas Educational 
Foundation[10]).

Which can be summarized in the following   steps:
- start with the Essential Question.
the proposed question must be one that will engage the 

students.
- Design a Plan for the Project.
It is essential to have in mind which content standards 

will be addressed.
- create a schedule.
Design a timeline for project components taking into 

account:
- What time allotment will be given to the project?
- Will this project be conducted during the entire school 

day or during dedicated blocks of time?
- How many days will be devoted to the project?
Not forgetting that possible changes to the schedule 

will happen.
- Monitor the students and the Progress of the Project.
Maintain control without preventing students from tak-

ing responsibility for their work, following these steps:
- Facilitate the process and the pleasure of learning.
- Encourage students to work collaboratively.
- Provide resources and guidance.
- Assess the process by creating team and project ru-

brics.
- Assess the Outcome.
Evaluate progress and give students feedback on how 

well they understand the information and on what they 
need to improve.

- Evaluate the Experience.
Reflection is a key component of learning.  Allow for 

individual reflection, as well as group reflection and dis-
cussion.

the proposed question must be one that will engage the 
students.

Designing the project, it is essential that you have in 
mind which content standards will be addressed.
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2.2 evaluation by rubrics
Whenever there is an instruction, it is necessary to eval-
uate the acquired skills to know if the learning objectives 
have been achieved.

Evaluate is a process by which one or more charac-
teristics of a student or a group of students are given the 
attention of the one who analyzes and evaluates their 
characteristics and conditions according to some criteria 
or reference points to emit a judgment that is relevant to 
the student's education.

Any method of evaluation employed must have clear 
and detailed criteria, which can be translated into param-
eters from which the evaluators will quantify and provide 
their assessment.

the methodology that we chose for the evaluation of 
the project is by rubrics because of it has been shown that 
the use of rubrics for assessment contributes significantly 
to improving students' performance.

the rubrics or rating matrices are "scoring guides used 
in student performance assessment that describe the spe-
cific characteristics of a product, project or task at various 
levels of performance, to clarify what is expected of the 
work of the student, to evaluate its execution and to facil-
itate the proportion of feedback"

In the elaboration of a rubric, it is necessary to include 
the criteria of evaluation that gather the fundamental el-
ements of the competence; they have to be criteria that 
offer to the student, with clarity, all the characteristics of 
the competence to develop[15]. More concretely, at the time 
of elaboration, it is convenient to take into account some 
aspects such as

consider the characteristics of the competencies that 
have to be evaluated.

Determine accomplishment indicators (Development, 
originality neatness, creativity, clarity of writing, ability to 
synthesize, etc.).

Place the acquisition levels on a graduation scale to 
specify the differences in learning.

Determine the score awarded at each level.
the rubric must be available to students from the 

moment they call the project to be done. In this way, the 
students see that there is a system with some objectivity 
for the evaluation of their work and at the same time can 
evaluate their progress by consulting this rubric.

2.3 tools for the implementation of the Methodol-
ogy
the progress made by information and communication 
technologies in recent years has had a significant effect on 
education and tools such as e-portfolio and others useful 
for e-learning have appeared; this tools can help improve 

and complement teaching traditional in the classroom 
in many fields, including mathematics. In addition, they 
make it possible to make flexible the programs of the as-
signments facilitating the implementation of transversal 
competences.

In this case, we propose the use of the e-portfolio tool 
to support problem-based learning (PbL) in the teaching 
of the subject of Linear Algebra in which the transversal 
competence of sustainability and social commitment has 
been implemented.

An e-portfolio is a valuable tool for teaching, learning 
and assessment. bear in mind that an e-portfolio is a dig-
ital collection of statement joined and managed by a user, 
usually on the Web. such electronic evidence includes 
among others entering text, electronic files, images, mul-
timedia, blog entries and hyperlinks. E-portfolios are a 
process of showing both the user's abilities and platforms 
for self-expression, and, if they are online, they can be 
maintained dynamically over time, (Domínguez-García et 
al.[7]).

can be found various online platforms that allow cre-
ating a personal e-portfolio in general and educational 
e-portfolio in particular. several authors (see (bri et al.[3]; 
Domínguez-García et al.[8]) for example), analyse some of 
these educational platforms to facilitate the decision about 
which platform will be chosen.

One of the most used platforms is the open source 
e-Portfolio and social networking web application "Maha-
ra" usually used joining   an open source e-learning plat-
form as for example  Moodle. both systems have built-
in support for each other in the form of single sign-on 
and transfer of content or export different types of objects 
from Moodle to Mahara (API Portfolio) and to import ob-
jects from Mahara to Moodle (API repository)

Another open source of e-Portfolio able to be con-
nected to Moodle by means of a plug is "Exabis". this 
platform permits us to introduce different pictures called 
categories where each of them gives access to different 
competencies. It is possible to access to multiple frames 
and assign different categories.

the Exabis platform is simpler than Mahara however is 
easier to import and export materials from Moodle.

As is well known, "Google sites" is a free online 
application offered by the company Google. this appli-
cation allows us to create a website in a simple editing 
a document. both teachers and students can   put in one 
place   texts and images, as well as to include multiple 
documents. It also allows easy sharing personalized infor-
mation across the network.

However, one limitation of this application is that the 
storage space is 100 Mb. If the user is member if Google 
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Apps it can be expanded to 10 Gb.
the tools for working on this platform provide graphic 

images in a more visually attractive way    than Mahara 
and Exabis, making it more suitable for subjects such as 
drawing.

However, lately, it is spreading the use of the Word-
Press platform to create the portfolio for its sensibility in 
handling.

the use of learning platforms is an excellent tool for a 
quality education that is the basis for sustainable develop-
ment, favoring access to education at all levels.

3. Using case Study Methodology to Approach 
the Sustainable Water Management compe-
tence
the Agenda 2030 for sustainable Development (http://
www.un.org/ sustainable development/en/), with an am-
bitious vision, includes seventeen Objectives integrating 
economic, social and environmental dimensions. Among 
these, there is the Goal 6: "Ensure access to water and 
sanitation for all". to achieve its aims is essential training 
to increase the efficient use of water resources in all sec-
tors and ensure the sustainability of extraction and fresh 
water supply to cope with water scarcity and reduce the 
number of people suffering from water shortages.

to approach sustainable Development Objectives in a 
mathematics subject, we make a teaching proposal based 
on projects.

collaborative learning techniques are incorporated so 
that the project (that constitutes the core of the matter), 
be developed in the framework of project-based learning 
(PbL).

Despite the fact that the project has been implement-
ed in large groups, it would seem natural to have opted 
for traditional master classes. this kind of courses offers 
certain advantages over other teaching methods because 
it is a fast, cheap and efficient method of transmitting in-
formation to a large number of students simultaneously. 
but it is also well known that student attention can only 
be maintained for short periods of 15 to 20 minutes sepa-
rated by small spaces of 1-2 minutes in which the students 
stop paying attention; these periods of concentration 
are reduced, lasting less than five minutes at the end of a 
class, (Khan 2012).[12] In spite of everything, the master 
class has its meaning and can be used, but we think that it 
should not be the only method used in the classroom. so, 
we combine master classes with project-based teaching 
that helps to contribute effectively to the development of 
both cross-curricular and specific competencies that the 
subject must face.

the methodology of project-based learning enables 

different competencies to be worked in a cooperative way 
and can influence the understanding that a win is not sus-
tainable, leading to the failure of others, which requires 
replacing competitiveness with cooperation. At the same 
time, it allows to contemplate environmental and develop-
mental problems as a whole, taking into account their close 
relationship and the use of Linear Algebra, we can analyse 
their repercussions in the short, medium and long term.

Different mathematical models can be developed for 
various water problems such as a flow of rivers, lakes, 
reservoirs, drainage networks, supply networks, treatment 
plants, among others. these models are developed to 
understand cause - effect relationships better, to evaluate 
scenarios and to find alternative solutions to different 
problems related to water.

3.1 Project Proposal
this project is designed for a context of engineering 
school or faculty of science where a course of linear alge-
bra is taught.

the proposal responds to the need to introduce the 
subject a competence that adds criteria and values con-
sistent with sustainability and responds to the economic, 
social, cultural and environmental aspects of human de-
velopment. concretely, the subject considered is the water 
because it is a critical resource that has not substituted. 
Having potable water is a universal human right and is 
also a key factor for public health. the way we maintain 
and expand this critical good is a fundamental problem 
for building an environmentally and socially sustainable 
world.

this project can be applied in any studies in which 
contain the subject of linear algebra in its curriculum.

the following project is presented to students:
In a certain country, it is proposed to build a reservoir 

to regulate the basin of one of its rivers with the objective 
of satisfying the needs of water for irrigation.

For the realization of the project, the students are given 
the following data:

Maximum reservoir capacity,
Quantities required for irrigation
Volume to be left to maintain water quality standards 

for other uses, provided that the water level of the dam 
plus the weekly contribution by the water of the river, 
does not reach a minimum that does not  allow the exit of 
water.

the primary objective to be achieved with this project 
is: "study the viability of the reservoir" by analyzing

the stability of the reservoir under the given conditions
the sustainability of the reservoir under the same con-

ditions
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the stability of the reservoir imposing the variation in 
the time of the river's contribution to climate change.

the sustainability of the reservoir by imposing the pre-
vious condition

It is also intended that the following awareness-raising 
objectives be achieved:

Make an assessment of the social benefit by counter-
balancing the benefits to be obtained by irrigation in the 
face of social conflict caused by expropriations and the 
resulting displacement of the inhabitants of the area.

Make an assessment of the problem by extrapolating 
the case to a large dam.

to solve the project, the student must:
Describe using a matrix equation of the type p(k + 1) = 

Ap(k), the weekly transition of the probable water units.
2. Express p(k) as a function of p(0)
starting from a particular amount of water impounded:
Analyze the probability that in two weeks the reservoir 

will be below minimums.
critical assessment of the result within the context of 

the work.
Find out how Linear Algebra will give us a solution to 

the matrix equation proposed
Apply it to the case at hand
Use the calculations to analyze the situation of the res-

ervoir at the week
k = 10.
study and analysis of stability and sustainability.
the organized task for PbL is precisely aligned with 

one of the sustainable Development Objectives 2030, 
more concretely with the goal number six "Ensure access 
to water and sanitation for all". to achieve this aim is es-
sential training to increase efficiency of water resources 
in all sectors and ensure the sustainability of freshwater 
harvesting and water supply to address water scarcity by 
reducing the number of people suffering from water short-
ages.

With this project not only introduces and evaluates the 
competence on sustainability but also the social commit-
ment because they must also value the social cost that in-
volves the displacement of people with the uprooting that 
this entails.

clearly, the students need to learn a full linear algebra 
course to solve completely and in a correct form, the proj-
ect.

3.1.1 course Planning

suppose that the subject of linear algebra corresponds to 
a course of 150 hours of which 40% corresponds to the 
work done in the classroom and the remaining 60% to 
work done outside the school. theoretical classes occupy 

25% of the time devoted to the classroom tasks, and com-
plete the time with tutorials and solving the doubts that 
have arisen for the students. In addition, students work 
collaboratively on the proposed project related to the ac-
ademic content of the subject. this accounting has been 
realized taking into account the European credit transfer 
system, (Ects). In this system are also assessed the hours 
that students devote to the self-activity. the computation 
corresponds to 25 hours per credit, and the subject is val-
ued at six credits. One of the significant advantages of the 
Ects credits is that being the unit of measure equal in all 
the universities of the new European space allows com-
paring much more efficiently the educational load of the 
degrees.

We plan, as can be seen in Figure 1, the distinct tasks 
that must be solved by the students through the different 
weeks of the course to achieve with success the project.

Figure 1. subject Planning
the plan has been prepared conscientiously having in 

mind   the progress of the lectures in which they are intro-
duced the theoretical support corresponding to the linear 
algebra subject and that should serve them as the basis for 
the completion of the project.

students are given the work plan at the same time that 
they are notified of the project they are required to com-
plete.

the students are invited to follow the plan as closely as 
possible so that they can carry out their project progres-
sively and profitably.

3.1.2 evaluation

When designing a subject one of the fundamental ques-
tions that one has to think about is how what and when to 
evaluate. If we focus the evaluation on the competencies 
that we want the student to acquire, we can give coher-
ence to the structure, approach and the development of 
the subject. Keep in mind that they are first-year college 
students and the first project they face, so it is important 
to help them plan to avoid failure.

Following Monereo[13], "say you how  you evaluate, 
and I will tell you how your students learn" the evaluation 
has a retroactive role on learning and teaching because it 
modifies the way of learning and educating.

Once we have defined the competencies that we want 
to evaluate and have designed the methodology to front 
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learning for the acquisition of these skills we have to pro-
ceed with the evaluation.

As we have indicated in subsection 3.2, the evaluation 
of the project is done by rubrics.

We have valued the current rubrics, and we have found 
that they do not provide the required information, for 
Linear Algebra course, in general, and for mathematics 
topic including evaluation of transversal competencies as 
sustainability. so we have chosen to perform new rubrics 
in such a way that they perfectly adapted to the course, 
which includes all skills treated, that is evaluated. table 1 
Presents the Part of rubric corresponding to the Evalua-
tion of sustaina- bility.

table 1. Evaluation of the transversal competency  
involved in the PbL

sustainability competence is evaluated in each of the 
evaluation acts, in the examinations appear detailed ques-
tions linked to the competencies of sustainability.

the project values the treatment of sustainability in a 
special way, although in each and every one of the points 
to be evaluated, this concept is implicit. Also, differ-
ent aspects of the project are assessed, the ones related 
to the formal appearance and care in the presentation 
of the work, the solving process of the project and the 
self-assessment and peer assessment of the student work. 
self-evaluation is a good strategy to increase responsibil-
ity and for students to learn to value, criticize and reflect 
on their learning process and peer evaluation enables stu-
dents to evaluate peer work and compare work that leads 
them to improve their realized work.

Due to the good results, we have prepared text with 
different projects to continue to implement in class (Gar-
cia-Planas et al. [9]).

4. results
this project has been implemented by the students of the 
barcelona school of Industrial Engineering (EtsEIb) 
from the Polytechnical University of catalonia (UPc), 
on the subject of linear algebra during the academic year 
2016-17. the results in the process of acquisition of 
the transversal competence on sustainability and social 
commitment on the part of the students are satisfactory. 
Specifically regarding the objective of sustainable devel-
opment "sustainable water management" students through 
project-based learning implemented in the subject of 

Linear Algebra, have become aware and have been able 
to address, deepen and disseminate the proposed theme in 
the classroom through the virtual campus of the UPc.
It is important to emphasize the change of attitude of stu-
dents with regard to the ones of the previous years.

5. conclusion
sustainability is often emphasized as an essential objec-
tive of higher education, but more as a principle than at a 
practical level. this work has shown how it is possible to 
carry out the implementation of sustainability competence 
in an evaluable form, in a subject of higher education 
mathematics.

As a first conclusion, we have that it is imperative that 
universities in making their curricula take into account 
sustainable development. Little by little, the high schools 
are becoming aware but the process is slow and according 
to which subjects the teacher is less open to including this 
competence in his subject.

With this work, we have proved that it is possible to 
implement the competition "sustainability and social 
commitment" within a mathematics subject, to address 
the objectives of the Agenda 2030 on sustainable develop-
ment.

For this, it has been important to see how cross-sec-
tional looking for real problems, which the student must 
model, it is possible to evaluate such competence.

In this case the analysis of the sustainability of water 
management. It is important to emphasize the change of 
attitude of the students about previous years.

collaborative learning techniques are incorporated to 
ensure that the project that constitutes the core of the sub-
ject is developed in the framework of project-based learn-
ing (PbL).

The presented project has significance since the learn-
ing through PbL implies changes in the knowledge struc-
tures of the students, modifies them and enriches them 
since it establishes new connections and relations between 
them. In the learning process, the student develops a sig-
nificant relationship between what has been acquired and 
everything that must be learned and assimilated through 
the project "connecting" the new information with rele-
vant concepts previously acquired.

the project has contributed to the development of 
an organizational culture that fosters principles such as 
meaningful learning, collaboration, responsibility, innova-
tion, mutual help and respect, participation, individual and 
collective reflection.
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