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INTRODUCTION

In 2015, the United Nations adopted the 2030 Agend&distainable Developmeri3D SOD Q
IRU SHRSOH SODQHW DQG SURVSHULW\" ZKLFK LQFOXGHV
that service as a roadmap for the national and international policies that should be implemented

to achieve a better and more susthle future for all. Society, Economy and Environment are
recognized as the three pillars for sustainable development. After several attempts to identify
and agree upon a global policy for a sustainable future, it is time for implementation. It is time

now for global Engineers to get involved in order to bring results in the direction of the
implementation of the SDGs.

The wo Europan Civil Engineering associations, the European Civil Engineering Education

and Training Association&( ) and the Association of topean Civil Engineering

Faculties { , joined ther RUFHV WR LQYHVWLJDWH WKH YHU\ LPSF

HGXFDWLR IRU &LYLO JLOHHUV LQ WKH LPSOHPHQWDWLFE

SDG4- Quality education

SDG6- Clean water and sanitation

SDG7- Affordable and clean energy

SDG8 +Decent work and economic growth
SDG9 #Industry, innovation anthfrastructure
SDG11 tSustainable cities and communities
SDG13 £Climate action

SDG14 tLife below water

SDG15 #Life on land

X X X X X X X X X
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ABSTRACT

Paper presents new analysis and calculation processes that gradually came to replace the traditional ones used until aln
end of the eighties of thewentieth century. Its use, nowadays widespread, came to gradually replace traditional
calculation processes. This transformation may bring consequences to the adequate interpretation of design solutio
related with sustainability and environment.

Experiences are analysed in the development of studies and projects in the areas of structures, hydraulics, roads ai
geotechnics presenting the evolution of different solutions, drawing attention to positive aspects (calculation time anc
inherent costs), whileginting out fewer interesting aspects inherent fundamentally to the ability to analyse the results
obtained by younger civil engineering professionals.

1.INTRODUCTION

In this presentation the author refers to some aspects related to the use of calanthzmalysis
software used nowadays, focusing mainly on the importance of a careful analysis of the result:
obtained in order to avoid errors of analysis with repercussions and consequences in environment
and landscape terms.

Naturally, with the exposkin this presentation, we try to avoid the consideration of less correct
results by young colleagues.

It was not considered important to carry out an exhaustive referencing of the programmes used.

It was considered important to exemplify with some of ti@re widespread programmes (and in
which the Author has some experience) the correct procedure of analysis of the results obtained.
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2. HYDROLOGICAL STUDIES +%85(%$8;16 ,1'225 352*5%06

Sometimes there is a temptation, in view of the existence of monget® series of flows, to consider
them instead of shorter series, which are perhaps more appropriate for the quantification of th
ecological flow value, which can be evaluated from below.

This is a procedure that may escape a young hydrologist whores eoncerned with fitting the
calculation programme with a larger number of data and making it 'run’ with a view to determining
the average annual daily flow and the flood wave, the latter having direct repercussions on the desic
of the flood spillway.

Fig. 1: Observed flow vs Calculated flow
3. FLOOD WAVE STUDIES #3'$0%5.” 352*5%$00(+3+(&5%$6" 352*5%$00(

The development of flood wave studies using specific calculation programmes (such as DAMBRK
or even HECRAS) must always lacompanied by a critical analysis of the territory located
downstream of the retaining reservoir.

7KLV FULWLFDO DQDO\VLYV LV HVVHQWLDO WR EH GRQH u D
valley and its occupation are taken into accounthm @nalysis of the results obtained with the
calculation programme, in order to avoid an erroneous propagation of the flood wave.

The topography of the site is also very important for a correct interpretation of the flood map.
Another important aspect ibe definition (consideration) of the type of breach that depends on the
material in which the dam is built: Concrete, Reinforced Concrete, Earth Embankment and Rockfill
Embankment.

These are the main questions that may escape a young engineering pafessiorally gifted with

a "critical sense" that is only enriched with years of experience in studies of this type.

The conclusions to be drawn can (and have) very important consequences in environmental terms
the Downstream valley area.
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Fig. 2: Calvelhe DamzFlood Wave Model

4. STUDIES OF NETWORKS (SUPPLY AND IRRIGATION) +#NDOOR PROGRAMME OF
7+( 678'< %85($8; 3+<75%1° 352*53%$00(

The existing commercial programmes and those of the Study Bureaux indoor progegpplicadble

to these Projects are very efficient and fast.

Special care and critical sense on the part of users is fundamental for the correct pursuit of th
objectives to be achieved, particularly regarding the data input.

It is common to work with the pg@metric coordinates\(E—a) of the nodes of the networks or meshes

defined.

Professionals with less experience should take special care in the prior analysis of topographi
surveys (auxiliary works) in order to fix correctly the position and referehttee@xes of the pipes

to be designed (z values).

When designing networks and meshes, the load and energy lines are considered in terms

piezometric data‘(/E—e) and not in terms of altimetric data\(alues), resulting the values established

for the piezometric heights—g‘ﬁ, which should comply with the minimum values required, on the

assumption that the values of the kinetic heights are negligible in view of the low velocity values to
be considered in the pipelines. If such velocity values areaethi the energy considerations must
take into account the correct total energy:
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. a_1-~
L VEZ E- (1)

The young designer should therefore be aware of all this problematic and not take the results obtaine
lightly, running the risk, if he does not dyse them critically, of being misled, with consequences
starting with the dimensions of the trenches which will have environmental consequences.

Fig. 3: Energy line zPiezometric line

5. STUDY OF ROADS #CIVIL 3D PROGRAMME. EARTH MOVEMENT. EXCAVATION
STUDIES

Often the results obtained with the use of this programme are not properly analysed by young
designers who are more concerned with obtaining results quickly, especially with regard to the
guantification of earth movement (volesof excavation and landfills).

In fact, prior to using the programme, a careful analysis of the topographic surveys used must b
carried out in order to obtain and somehow understand (foresee) the excavation and landfill areas.
The geotechnical componefihe knowledge of the geomechanical characteristics of the massifs to
be considered) is also of great importance in these projects. Young designers should take into accot
geotechnical aspects that will have important repercussions on the proposed scippame and
consequently repercussions in environmental and landscape terms.

In this way it will be easier to carry out the analysis and criticize of the results obtained rather thar
simply accepting them, which could have negative repercussions inreneintal terms.

When it comes to analysing the excavations themselves, regardless of whether it is a Roadway proje
the abovementioned considerations seem equally adjusted and applicable.



-RVp ODQXHO 3LQWR )HUUHLUD /HPRV

)LJ '‘DUIJMR 6WDGLXP 7XQQH&cavdiBWDSHUHLUR 'DP

6. STUDIES OF CURRENT AND SPECIAL STRUCTURES +352%27 6758&7858$/
$1$/<6,6 352)(66,21$/° 352*5$H09,)(0° 352*5$00(

The traditional structural calculation processes based on Structural Mechanics analysis methoc
allowed to enhance along itlevelopment a better knowledge of the structural functioning by the
designer.

However, they were very slow processes which gradually progressed to the final solution of the
structural design.

The appearance of commercial programs such as the "Roboti&trActalysis Professional” or even

the "indoor" development of structural analysis programs in the engineering bureaux themselves (:
the VIFEM program) has enormously reduced the calculation time itself.
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The most important and interesting phase cpords to the design of the calculation model itself. It

is not about the input of the data itself and the limit conditions of the structural functioning. Such task
however deserves a special care by the designer, particularly in what concerns to Spetia¢ St
Regarding the results obtained, the respective analysis should always be very careful, so that tl
dimensioning of the different components of the structure is correct and appropriate to the condition
of global behaviour of the structure.

Howeve, such a careful analysis may often not be done with the necessary depth by young (an
therefore less experienced) professionals.

Another aspect that | would like to point out concerns the possible mistakes (errors) in the data inptL
itself, which being avery repetitive and tiring task, may generate wrong results that may not be
detected by less experienced young technicians, who are more concerned about minimize the
analysis time in order to obtain the final results, which may not be the best ones.

)LJ %HOR -DUGLP $]RUHV 7KHUPDO 3RZHU 30BuQdNres, QGXVWULTEL

7.CONCLUSIONS

The main conclusion of the considerations presented is to enable the young civil Engineers to analys
properly the resultebtained when operating with the new analysis and calculation processes



“The role of education for Civil Engineers in the implementation of the SDGs"
15t Joint Conference of EUCEET and AECEF

Thessaloniki, Greece, November®,2021
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ABSTRACT

Paper addresses the relationship between quality assurance in education and in Civil Engineering in particular and
UNSDGs. It presents an overview of methods and practices used to gnslitg in terms of policies, of

legislation and of institutional regulations. The question of addressing shifts in teaching methods to focus on
students learning is presented and discussed. The engineering programs outcomes are analysed and a presentation
is made of indicators of performance for graduates at bachelor and master levels. Based on the analysis of existing
professional engineering frameworks some evidences of identified needs for education and training about
sustainability are presented andalissed. Coupled with those needs the teaching, learning and assessment modes
are linked with sustainability requirements for Civil Engineers.

1. QUALITY AND QUALITY ASSURANCE

The issue of the quality education is certainly an issue on the agenda ire Emepmore

generally, in the world. Presenting only three examples to illustrate the relevance of quality in
education.

,Q KHU p3ROLWLFDO *XLGHOLQHVY > @ &RPPLVVLRQ 3UHVL
the European Education Area a reality by 20E8ucation is the foundation for personal
fulfilment, employability, active and responsible citizenship and the right to quality, together

with inclusive education, training and lifelong learning, it is proclaimed in the European Pillar

of Social Rights s its first principle. The Union is resetting its growth strategy, based on
sustainability, with green and digital transitions as its transformative drivers. Education is at

the heart of the European way of life, strengthening social market economy aocralgm

with freedom, diversity, human rights and social justice.

,Q WKH GRFXPHQW p&RPPXQLFDWLRQ )URP 7KH &RPPLVVLR
Council, The European Economic And Social Committee And The Committee Of The Regions

on achieving the Eurod@Q (GXFDWLRQ $UHD E\ T RI WKH (XURSHD
Commission proposes to consolidate ongoing efforts and further develop the European
Education Area along six dimensions. The first one regards quality education.
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7TKH n $IJHQGD IRH 6KYMDRPDHEQWYT > @ DGRSWHG E\ 8QL)\
ensuring inclusive and equitable quality education, together with and promoting lifelong
learning opportunities for all, as one of the 17 Sustainable Development Goals.

In the ISO 9000:2015 norm @ TXDOLW\ LV GHILQHG DV WKH *GHJUHH
FKDUDFWHULVWLFV RI DQ REMHFW IXOILOV UHTXLUHPHQWYV
In the context of education programmes, coherently with the 1ISO definition of quality, for
HHGXFDWLRQ SURJUDPPH T X DeOgrade {levRIRdf avhieReMenGoflLi@W H Q G
educational objectives established coherently. These will comply with the needs and
expectations of all those who are interested in the educational service provided, that is the
HLQWHUHVWHG S DU Whergfdrg, qualinhvonaD Hdddaib0 @Bddtarimes depends

not only on the achievement of the established educational objectives, but also on the value of
WKH HVWDEOLVKHG HGXFDWLRQDO REMHFWLYHYV PHDVXUH
needs and exptation.

Quiality of training has always been a goal of engineering programmes in general and of those

in Civil Engineering in particular. This is fully justified by the role played by Civil Engineering

in society. Civil Engineering provides the majoritytloé infrastructure and significant parts of

the public and private facilities that are used in our-tdayday lives. It is the area of
engineering that most affects and transforms the physical world and is the backbone of modern
living related with, buidlings, urban planning, environment and materials, running and clean
water, transportation infrastructures. Additionally, most Civil Engineering projects are unique

and have a long design life in contrast with the short lifetime/obsolescence of many
manufatured products of other engineering fields.

Quality Assurance (QA) is a more recent concept, a consequence of the not yet completed

Bologna process. Coherently with the definition of QA established in the ISO 9000:2015 norm

> @ |IRU pHGXFDW IdRiend 34 wRMQIel ofvVtKeRaxtivities (processes) for the

management of the educational service aimed at achieving the established educational

REMHFWLYHY DQG WKHQ DW pHQVXULQJ WUXVWTYT LQ PHHWL

Programme QA is essential for thengparability of study programmes, the first objective of

the Bologna process in order to establishing the European Area of Higher Education.

In order to establish the European area of higher education and to promote the European system

of higher educatioworld-wide *goals of the Bologna proceasWKH p% RORJQD 'HFODUI

-XQH > @ LGHQWLILHG VL[ REMHFWLYHV WKH ILUVW

HDVLO\ UHDGDEOH DQG FRPSDUDEOH GHJUHHV" DQG LQ R

have:

- FRPSDUDEOH GXUDWLRQ RU FRPSDUDEOH VWXGHQWVY ZF

- comparable programme learning outcomes (PLOSs), consistent with the PLOs shared at
international level, and, last but not least,

- must assure their quality or assuthat every effort is made in order to achieve the
established PLOs.

Today the definition of suitable academic strategies in order to promote programme quality can

rely on the standards and guidelines for internal QA of higher education established in th

document Standards and Guidelines for Quality Assurance in the European Higher Education

Area (ESG 2015) [6]. This document fulfilled another of the objectives of the Bologna process:

8
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SWKH SURPRWLR Q-opdratiot UrRdu#lity @ssbr@nce with aewi to developing
FRPSDUDEOH FULWHULD DQG PHWKRGRORJLHV’

The document was prepared by the European Association for Quality Assurance in Higher
Education (ENQA) [7]iIncoRSHUDWLRQ ZLWK WKH (XURSHDQ 6WXGHOC
European Association of stitutions in Higher Education (EURASHE) [9] and the European
University Association (EUA) [10]. It was adopted by the Ministers of Higher Education of 45
countries in the meeting in Bergen (Norway) onr2D@May 2005 and was revised in the
meeting in Yerean (Armenia) on 145 May 2015. It has found a generalised acceptance in

the European context.

It is important to note that the purpose of these standards and guidelines is to provide a source
of assistance and guidance to HEIs in developing their owsyQi#m, as well as to contribute

to a common frame of reference, which can be used by institutions. It is not the intention that
these standards and guidelines should dictate practice or be interpreted as prescriptive or
unchangeable.

Quality Assurance cars all processes for the programme management: from design to

delivery, from result monitoring to improvement actions. Among these, the main processes that

+in the opinion of the authorsare at the basis of the programme quality regard:

- Design of studet-centred study programmes and the definition of PLOSs,

- Adoption and implementation of studergntred teaching, learning and assessment
approaches,

which, frequently, have not yet achieved a satisfactory implementation at European level.

2. STUDENT-CENTRED PROGRAMMES

The objective of the comparability of the PLOs had (or should have had) as a consequence the
QHFHVVLW\ RI D QHZ DSSURDFK IRU GHVLJQLQJ SURJUDPPH
%RORJQDY SURJUDPPHDW P RBEBNARDFH@WWHEEY 6 XFK SURJL
assumed that the proper object of study is what the individual professor thinks the student
should learn in his/her course unit. The emphasis was placed on the individual interests of
academic staff.

Onthe contrary, the aim of a studeggntred programme is to make students as competent as

is feasible in a given timeframe for their future role in society. In these programmes the focus

is no more on what a student has been taught, but on what a stuslez@drhad and is able to

do, that is on competence development and the achievement of intended learning outcomes of

the learning process.

Consequently, programmes leading to a bachelor or master degree are no longer to be described
and planned solely acaling to their content, but mainly according to the competences to be
developed and obtained by graduates and the programme learning outcomes to be achieved by
students at the completion of the educational process.

It should be underlined that competenard learning outcomes are not the same thing.

According to the definition adopted is the European Qualifications Framework for lifelong
OHDUQLQJ (4) IRU /] > @ :&RPSHWHQFH PHDQV WKH SUR
and personal, social and/onethodological abilities, in work or study situations and in
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SURIHVVLRQDO DQG SHUVRQDO GHYHORSPHQW”" /HDUQLQJ
is expected to know, understand and be able to demonstrate after completion of a learning
experience. Qusequently, competence can be defined as the ability to use learning outcomes

in work or study situations.

It is a fact, however, that at present, Higher Education institutions are still undergoing a
WUDQVIRUPDWLRQ SURFHVV 7KH WUDGLWLRQDBEDVES&SYRDFI
HVWXFEEHIOWMWUHGY DSSURDFK ZKLFK W D NeHeAaching ehoMeariigH QW D'
process. As Robert Wagenaar, one of the creators of the Tuning project [12], wrote in the
$SSOLFDWLRQ RI WHMehsytiBgb &adr Comparing Achievements of Learning
2XWFRPHYVY LQ +LJKHU (GXFDWLRQ L QhdveUorecsrdlfideStbaRtleH FW >
actual implementation of the competences and LOs based approach at degree programme level,
and its underpinning with suitable Teaching, Learning and Assessment (TLA) strategies and
methodologies, has had limited success so fiararwider European context.

It is in fact accepted that the modernization process epidg§rammes in Europe and therefore

the actual establishment of a single EHE®twithstanding the shared architectyreas made

limited progress, after a very prasimg first phase of six years of developmental activities.
Although the architecture seems to be in place in most countries, the actual implementation
process and the realization of the expected benefits, have been far from smooth and complete.
Rather, inmany contexts, actual change in learning teaching and assessment methods and
SKLORVRSK\ KDV PHW UHVLVWDQFH

3. PROGRAMME LEARNING DESCRIPTORS

To establish PLOs shared at international level is a condition for the comparability of study
programmes r&d for the realization of the Bologna process goal. There is a common
understanding throughout the world of what an engineer is supposed to know and be able to

do, which probably differentiates engineering from many other disciplines.

Very known frameworksf engineering PLOs, some specific for Civil Engineering, are:

- TuningAHELO framework [14];

- EUCEET framework [15];

- EUR-ACE framework [16];

- International Engineering Alliance (IEA) framework [17];

- ABET framework [18];

- Conceiving, Designing, Imementing, Operating (CDIO) Initiative framework [19];

- National Society of Professional Engineers framework [20];

- American Society of Civil Engineering (ASCE) framework [21].

$vV D PDWWHU RI IDFW WKH 3/2V GHILQHG WR WHHFNIHOMKND®P®&
RXWFRPHVY WKDQ pOHDUQLQJ RXWFRPHVY ,Q IDFW WKH\ G
VKRXOG EH IXOILOOHG E\ unOHDUQLQJ RXWFRPHVY DFFRUGL
At the European level, the EURCE programme outcomes (POs) weeedefined by the

European Network for Accreditation of Engineering Education (ENAEE) in the document
EUR-ACE Framework Standards and Guidelines (EAFSG) [16] and were approved by the
Administrative Council of the European Network for the Accreditation ogikeering

Education (ENAEE) on March 2016. These POs are the basis for a European mutual
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recognition agreement, currently developed under the framework of ENAEE-ABIER
programme outcomes (POs) and corresponding accreditation criteria have been dhitetgrate
national learning outcomes and accreditation requirements of fifteen countries signatories of
the Bologna process: Finland, France, Germany, Ireland, Italy, Kazakhstan, Poland, Portugal,
Romania, Russia, Slovakia, Spain, Switzerland, Turkey and UK.
A revision and an updating of the ELACE POs was made in the context of the CALOHEE
project [13]. The revision is based on an interesting merge of the two European overarching
gualification frameworks: the European Qualification Framework for lifelongieg (EQF)
> @ ZKLFK LGHQWLILHV WKUHH GLPHQVLRQV p.QRZOHG]
competence is described in terms of responsibility and autonomy), and the Framework for
Quialification of the European Higher Education Area (QFHEA) [22]t ttentifies five
GLPHQVLRQV HN.QRZOHGJH DQG 8QGHUVWDQGLQJY u$SSON
MODNLQJ -XGIJHPHQWVY H&RPPXQLFDWLRQV 6NLOOVY u/HDL
EQF as the reference framework and asks to provide evideneacdowof the LO of the SQF
GLPHQVLRQVY DVVRFLDWHG WR WKH 4) IUDPHZRUN WKH u
autonomy and responsibilities.
As in the EURACE POs, the main difference between the descriptors at Master and Bachelor
level regards theypology of problems / products, processes and systems / issues / activities
that can be solved / designed / investigated / conducted.
At Bachelor level the engineering problems / products, processes and systems / issues /
activities that can be solvedésigned / investigated / conducted are problems / etc. in the field
RI VWXG\ GHILQHG DV pFRPSOH[Y ZKHUH FRPSOH[ PHDQV S
etc. without:
- knowledge and understanding of mathematics, sciences and engindetigines
underlying engineering specialisation, and/or
- knowledge and understanding that support solving of engineering problems, designing of
engineering products, processes and systems, investigation of engineering issues,
conducting engineering actties and/or
- knowledge and understanding of engineering practice.
At Master level the engineering problems / products, processes and systems / issues / activities
that can be solved / designed / investigated / conducted are complex problems / eteelah the fi
of study that may be new or unfamiliar, involve considerations from outside the field of study,
incompletely defined and /or conflicting issues and-temtnical constraints, and require
original/innovative thinking.
These definitions are consistemth the statements of the EQF at levels 6 and 7 and with the
statements of the QF for the first and second cycle of the Bologna system.
It seems to be important to note that the definition of complexity here adopted differs from the
definition adopted irthe context of the International Engineering Alliance [17], for which
complex problems and complex activities correspond to problems and activities that in the
European system can be dealt with only at Master level.
The revised learning outcome descriptams shown in Annex 1.
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3.1. Contextualization of Programme Learning Descriptors
The definition of PLOs requires the contextualization of the proposed learning outcome

descriptors.

Literature is rich of suggestions for the formulation of PLOs.

A comma requirement is that PLOs are S.M.A.R.T.:

- Specific: they should adequately reflect the context, level, scope and content of the
programme;

- Measurable: they should be properly detailed in order to favour the understanding of the
depth and extent a#xpected learning and objectively assessable in terms of what the
student has actually achieved at the end of the programme;

- Achievable: consistent with the institutional context and the available resources;

- Relevant: only the learning outcomes necessarfulfil the programme educational
objectives should be established at programme level;

- Time-bound: plannable and achievable within the specified workload.

$ VHW RI YDOLG DQG VIQWKHWLF JXLGHOLQHYVY DUH WKRVH

[23]:

3% idely accepted way of formulating learning outcomes is based on three essential elements:

1. Use an active verb to express what students are expected to know and be able to do (e.g.

JUDGXDWHYV FDQ MGHVFULEHY MHLPSOHPROQWY upuGUDZ FRQFC

6SHFLI\ ZKDW WKLV RXWFRPH UHIHUV WR REMHFW RU VNL

FRPSRQHQWVYTY RU FDQ SUHMIRRP WKKDUWEBGEINVLIQ RI D OLYLQ.

6SHFLI\ WKH ZD\ RI GHPRQVWUDWLQJ WKH DigikdahYHPHQW

overview of the materials most oftenusedineledtt @ IJLQHHULQJY pWR GHYHORS I

by applyingupto-GDWH VFLHQWLILF PHWKRGVY HWF °

5HIJDUGLQJ WKH XVH RI DFWLYH YHUEV D IUHTXHQW UHIH

Anderson etl. [24].

&RQWH[WXDOL]DWLRQ RI RXWFRPHVYT REMHFWYVY L H &LYLQO

and systems/issues/activities to be solved/designed/investigated/conducted depends on the

specialization, and the way of demonstrating the achievemd®Dsfis related with type of

outcomes.

Traditionally, Civil Engineering is a professional engineering discipline that deals with the

design, construction, and maintenance of the physical and naturally built environment,

including works like buildings, briges, canals, dams and roads. There are several
specializations, like construction, hydraulics, structures, etc. Several other specializations were
created within Civil Engineering and have gained independent status like Mining and

Mechanical.

It is a facthowever, that the labour market has acquired in recent years extreme dynamism and

variability, due to the need to respond effectively to the challenges posed by social, productive,

environmental and, ultimately, increasingly complex and interconnectelih heare.

Furthermore, Civil Engineering work has an inherently high degree of complexity, where non

engineering issues dealing with social, political, economic and environmental concerns, as

ethical issues, have become far more important than previouhythe emerging of new

fields of activity such as Urban and Environmental Planning, Strategic Environmental
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Assessment, Economic Evaluation of Projects and so on. Also, sustainability calls for Civil

Engineers to be leaders.

The 2030 Agenda for SustainatDevelopment [3] establishes several goals that require or

may require specific skills of Civil Engineering for their achievement. A list of these goals and

associated targets is given in Annex 2.

In this context, typical Civil Engineering problems/pucts, processes and

systems/issues/activities graduates in Civil Engineering should be able to

solve/design/investigate/conduct are:

- Civil & Industrial Buildings; Bridges; Reinforced Concrete Dams; Metallic Structures;
Brick and TimbeiConstructions;

- Roads; Railways; Airports; Ports; Interconnecting infrastructures; Cableways;

- Hydraulic Constructions; Water Supply and Sewage Systems; Works for Hydraulic
Protection of the Territory; Waste Disposals and Sanitation Works;

- Foundations; Retaing Structures; Earthworks; Underground Works; Artificial and Natural
Slopes;

- Information Technologies in Civil Engineering.

4. STUDENT-CENTRED TEACHING, LEARNING AND ASSESSMENT

The development of meaningful and measurable PLOs for engineering progranmitsal

to the systematic improvement of the educational experience for engineering students, but it is
not sufficient. PLOs must be taught and learned and the level of their achievement assessed.
The adoption of appropriate teaching and learning nasthar modes and of accurate
assessment tools is equally critical.

Although the use of the LOs approach seems to have been implemented widely in the
engineering domain, this does not imply that applied teaching, learning and assessment
strategies are apggate to this approach, especially to promote the fulfilment of the autonomy
and responsibility requirements necessary for the carrying out of the role of Civil Engineers in
the society.

Indeed, particularly in the last decade, there is increasingniicorgof the difficulties faced

by engineering schools around the world in order to be able to meet the needs of a rapidly
changing society and posing global challenges such as digital transformation, environmental
and economic sustainability, new glolsaliion, protection and protection of health [25]. In the
context of these challenges, the role of engineering must be to imagine, implementing and
managing the technical infrastructure for sustainable change and therefore the training and
gualification ofengineers of the future plays a central role in building the knowledge society
[26].

The centrality of the role of the engineer in this process of change has required a reflection on
the possible disparity between the need that the society expressasaon tela modern figure

of engineer who knows how to support and promote the change and the whole of the skills that
students develop during their training in engineering schools. In summary, a thorough
reflection on training models in the field of engeneg was necessary and appropriate. The
result of this reflection was the recognition that studemtred programmes based on the
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development of competencies, measured in LOs, require other methodologies and strategies
than more traditional, staffentrel degree programmes.

,QGHHG DV DFNQRZOHGJHG L-QenvddieatrdigylappbbicEdR th\yuglity W X G H
DVVXUDQFHY > @ WRGD\ S WKHUH LV D ZLGHO\ DFFHSWHG S
This approach, which is commonly referred tv ap V WKIBGWWHG OHDUQLQJY VW
education provision and all its aspects are defined by the intended learning outcomes and most
VXLWDEOH OHDUQLQJ SURFHVV LQVWHDG RI WKH VWXGHQ\
provided. Recent egtence [28] and European Commission/EACEA/Eurydice, 2018 [29]

attests that there is widespread will across European higher education to focus more on the
student learning experience and to back this up with the necessary changes in policy and
SUDFWLFH’

The central function of studexentred learning for the development of highality education

LV DOVR KLJKOLJKWHG ERHQWDUHID O E DU Q L6QWX GHHDW KL QJ D (
(6* > @ $FFRUGLQJO\ 3, QVWLWXW laReg avekiBlixe®esinH Q V X U |
a way that encourages students to take an active role in creating the learning process, and that
WKH DVVHVVPHQW RI VWXGHQWY UHIOHFWYVY WKLY DSSURDFI
the major novelties of the to reflatie changing higher education landscape.

4.1. Teaching & Learning

The Guidelines associated to Standard 1.3 of the ESG 2015 explain why the standard is

important and describe how might be implemented.

Some of them promote the flexibility of the teachargl learning process:

- S3UHVSHFWYVY DQG DWWHQGV WR WKH GLYHUVLW\ RI VWXGH
SDWKV’

- 3FRQVLGHUV DQG XVHV GLIITHUHQW PRGHV RI GHOLYHU\ Z

- 3]OH[LEO\ XVHV D YDULHW\ RI SHGDJRJLFDO PHWKRGV"’

- SUHJXODUO\ HYDOXDWHYV DQG DGMXVWV WKH PRGHV RI GH

2WKHUV VWLPXODWH VWXGH Q gd/I§adiqppipdes# HQW LQ WKH WH

- SBHQFRXUDJHV D VHQVH RI DXWRQRP\ LQ WKH OHDUQHU
VXSSRUW IURP WKH WHDFKHU"

- 3 SURPRWHV PXWXDO UHWSHBWKAUWWKH Q DIWKLHR QWHLUSJ H U

Students should be considered partners of the teachiee teaching process and actors, not

passive subjects, in the learning process. Therefore, it is a clear evidence that a wide variety of

educational tools need to be used to achieve the desired LOs.

An investigation of the teaching and learning attei through which the LOs could be

achieved by students who are attending a Civil Engineering degree programme at their

institution was carried out in the context of the CALOHEE project [13].

Below is the list of the identified methods:

- Lectures;

- Seminars;

- Tutorials;

- Flipped classroom;

- Blended learning;

- Exercise courses / Practical classes;
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- Oral assignments;

- Written assignments;

- Investigation assignments;

- Laboratory assignment;

- Numerical modelling assignment;

- Problembased learning;

- Desigr-based learning;

- Work-based practice (internship/traineeship);

- Fieldwork;

- Role play;

- Peer reviewing;

- Individual supervision.

Among these, DesigBased Learning (DBL), as well as Probkeased learning, appears as a

very interesting collaborative approachsuccessfully teach and learn (and asses) key learning
RXWFRPHV LQ HQJLQHHULQJ "%/ LV FRQFHLYHG DV uDQ HG>
WKH FXUULFXOXP DQG VWXG\ SURJUDPPH LV DLPHG DW OHI
not only are theesulting products important, also the underlying process is highly relevant.

DBL explicitly involves a form of university education giving academic skills a prominent
position. These would include strategic thinking regarding activities, critical amalydesign

tasks, broad interpretation of design requirements, incorporation of contemporary scientific
views, etc.

DBL could be characterised particularly as integrative, multidisciplinary, pramtiested,

creative, cooperative (teamwork), competeadented (skills), activating, fostering
responsibility, synthesising, and leading to professionalization. In DBL, once the design task
LV VHW WKH WHDFKHU WUDQVIHUVY DOO DXWKRULW\ WR D
ended and studentsedome actively involved in defining design questions in their own
language and working out solutions together instead of reproducing material presented by the
teacher or the textbook. It is believed that students are truly thinking critically when they
formulate their own constructs and solutions. By making use of DBL, students are stimulated

to develop higher level thinking skills, gain a positive attitude toward the subject matter,
practice modelling societal and wer&lated roles, and generate more dosdter design
TXHVWLRQV DQG VROXWLRQV "%/ LV DVVXPHG WR LQFUHD\
general problersolving skills, improve integration of basic science concepts intalifeal
problems, stimulate the development of sktected learimg skills, and strengthen intrinsic
PRWLYDWLRQ?®?

,QGHSHQGHQWO\ IURP WKH HGXFDWLRQDO DFWLYLW\ LQYR
always be pursued. Students need an intellectually stimulating, inductive, -aperadive
leadership environmein order to be more engaged in the learning experience. To this regard,
active, collaborative learning approach appears particularly effective.

Finally, the role of innovative educational technologies can play a part in the effectiveness of

the learning and enhancing the transmission of knowledge. It thus becomes strategic also a
continuous motivation of teachers towards new approaches and tools.

By the way, it must also be said that many engineering faculty members enter the education
environmem with little or no understanding of desired LOs or how to design and execute a
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learning experience for such outcomes to be achieved. Institutions should create a supportive
environment for education innovation and consider strengthening faculty devetopmen
programmes so faculty members may be more familiar with desired LOs and therefore carry
out their duties more effectively.

4.2. Assessment

$V IRU WHDFKLQJ DQG OHDUQLQJ DOVR IRU WKH DVVHVVPH

of methods thatan be used.

There have been initiatives to find proper assessment methods for the different types of LOs.

$Q LOQWHUHVWLQJ FODVVLILFDWLRQ RI WKHP EDVHG RQ WK

al. [24], was the one proposed by the ALOE Model [30] tlee Alignment of Learning

Outcomes and Assessment, specifically developed for engineering programmes, which

identifies the assessment methods listed below:

1. Multiple Choice Questions (MCQ): Remember, Understand, Apply, Analyse, Evaluate and
Create.

2. Essays Speculative essay, Quote to discuss, Assertion, Write on, Describe/Explain,
Discuss, Compare, Evaluate and Problem.

3. Problem solving: Routines, Diagnosis, Strategy, Interpretation and Generation.

4. Practical work: Demonstration, Exercise, Structured enguiyenended enquiry and
Project

5. Shortanswer questions: Select crucial evidence, Explain methods, procedures and
relationships, Present arguments, Describe limitations of data, Formulate valid conclusions,
Identify assumptions, Formulate hypothesis anahfttate action plans.

6. Reflective Practice Assignments: Concrete experience, Reflective observation, Abstract
conceptualization and Active experimentation.

The assessment is mostly by written or oralefidemester examination, often supplemented

by midterm examinations, homework exercises, and where relevant project assignments and

programming assignments. If enffsemester examinations are the sole assessment there is of

course less feedback, and therefore less opportunity to learn through assessntele &

WKH VWXGHQWYVY W KDV EHHQ QRWHG WKDW VKRUWFRPLQJ

of them often only becomes apparent at the time of assessment.

Final year projects and second cycle dissertations have feedback built in as fieet of

supervision process. Some students perform better in this situation than in the traditional

examination format. They also afford the opportunity to assess the acquisition of the generic

and subjecspecific competences for each cycle.

LOs, especiallyvhen mapped to specific educational experiences, can also be used by students

to assess their own progress. A valuable tool in this regargasti®lios, which may be used

by both students and their teachers to assess knowledge, skills and attirmgeaering. In

addition to the standard, summative teadtwirse evaluations, fade-face interactions

EHWZHHQ VWXGHQWY DQG pWUXVWHGY DGYLVRUV FDQ EH

UHJDUGLQJ WKH pVXFFHVVY RI WKH HGXFDWLRQ H[SHULHQF

Indepemlently by the assessment method and process, Guidelines associated to Standard 1.3 of

WKH (6* FOHDUO\ VSHFLI\ ZKDW VKRXOG EH WKH REMHF\
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- S3WKH DVVHVVPHQW DOORZV VWXGHQW \ht$ded®PHIR Rayey WUD W
EHHQ DFKLHYHG®

and state that:

- S\ WKH FULWHULD IRU DQG PHWKRG RI DVVHVVPHQW DV ZHH
DGYDQFH"’

$VVHVVPHQW PHWKRGY LQFOXGH WKH ZKROH UDQJH RI WH

progress amh ascertain the achievement of the learning outcomes of a course unit or module,

whereas assessment criteria are descriptions of what the student is expected to do, in order to

demonstrate that a learning outcome has been achieved.

In order to be appromie, the assessment methods and criteria chosen for an educational

component have to be consistent with the learning outcomes that have been defined for it and

with the learning activities that have taken place.

5. CONCLUSIONS

Creating and implementing ® HDUQLQJ RXWFRPH DSSURDFK LV QRW H
authority over educational issues, much depends on local conditions and cultural settings. Local
and national autonomy influence how learning outcomes might be best introduced in practice
with the gopropriate mix of togdown and bottorup measures. Learning outcomes are often
viewed as a threat that will streamline education and limit academic freedom. The concept of
learning outcomes within the field of engineering, on the other hand, has proverwlt
established and has been welcomed by most stakeholders.

Engineers have an easier task than other disciplines, as in Europe and throughout the world
there is a great degree of consensus concerning what an engineer is supposed to know and be
able todo. It is opinion of the author that the systems of learning outcomes for the engineering
domain and then for the Civil Engineering subject domain, should start from theAEER
programme outcomes. These combine EQF for LLL andE®IEA approaches and are
consistent with the most influential learning outcomes frameworks in the engineering field and
can be a useful reference for the definition of engineering LOs at national level in the European
countries and in other areas of the world.

Adoption of active éaching and learning approaches and of prolilesed/desighased

teaching and learning methods have to be taken into account as essential in order to promote
the fulfilment of the autonomy and responsibility requirements necessary for the carrying out

of the role of civil engineers in the society.

At the same time, the adoption of methods of assessment of the student leaning able to assess
the level of achievement of the learning outcomessue still object of debate at international

level tis consideed essential in order to assure the quality of education.
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Annex 1 - Programme Learning Descriptors for Engineering Degree

Programmes

Programme Learning Descriptors for Engineering Bachelor Degree Programmes

Learning
Areas

Programme Learning Descriptors

Content in Knowledge
and Understanding

Content in Skills

Content in Autonomy
and Responsibility

1. Knowledge
and
Understanding

Demonstrate knowledge
and understanding of
mathematics as well as
sciences and engineerin
disciplines underlying
Civil Engineering
specialisation at a level
necessary to achieve thg
other programme
outcomes.

Apply knowledge and
understanding of
mathematics as well as
sciences and engineerin
disciplines underlying
Civil Engineering
specialisation to solve /
design / investigate /
conduct complex Civil
Engineering problems /
products, processes and
systems / isues /
activities.

Identify knowledge and
understanding of
mathematics as well as
sciences and engineerin
disciplines underlying
Civil Engineering
specialisation necessary
to solve / design /
investigate / conduct
complex Civil
Engineering problems /
products, processes and
systems / issues /
activities.

2. Analysis and

Demonstrate knowledge

Analyse / solve complex

Identify appropriate and

Investigations

and understanding of
codes of practice and
safety regulations and o
investigation methods
(consultation of sources
of information,
simulations,

experimental methods) i

Problem and understanding of th{ engineering issues relevant established

Solving processes and establish (products, processes, | methods of analysis /
methods of analysis / | systems, situations) / | solution of complex
solution of engineering | engineering problems in| Civil Engineering issues
issues (products, Civil Engineering subjec (products, processes,
processes, systems, area by applying systems, situations) /
situations) / engineering| appropriate and relevanl| engineering problems.
problems in the Civil established methods of
Engineering subject are{ analysis / solution.
and of their limitations.

3. Design Demonstrate knowledge Designcomplex Civil || Identify appropriate and
and understanding of th¢(Engineeringproducts relevant established
process and established (devices, artefacts, etc.)| design methods of
methods of design in processes and systems ||complex Civil |
Civil Engineering subjed applying appropriatand ||Engineeringproducts
area and of their relevant established (devices, artefacts, etc.)
limitations. design methods. processes and systems.

4. Demonstrate knowledgg Consult and apply codey Identify appropriate and

of practice and safety
regulations and conduct
investigations
(consultation of sources
of information,
simulations,
experimental methods) i

Civil Engineering subjec

relevant investigation
approaches (among
codes of practice and
safety regulations,
consultation of sources
of information,
simulations,
experimental methods) i
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Civil Engineering subjec
area and of their
limitations.

area in order to meet
specified eeds and
report the investigation
results.

Civil Engineering subjec|
area and analyse, expla
and interpret the
investigation results with
respect to the needs to |
met.

5. Practice Demonstrate practical | Conduct complex Identify practical
knowledge and engineering activities in| knowledge and
understanding of Civil Engineering subjec understanding of
materials, equipment an area, using and applying materials, equipment an
tools, processes and practical knowledge and tools, processes and
technologies in Civil understanding of technologies necessary
Engineering subjecrea | materials, equipment an| conduct complex
and of their limitations. | tools, processes and engineering activities in

technologies. Civil Engineering subjec|
area

6. Decision Demonstrate awarenesg Manage work contexts ij Identify appropriate and

Making of the key aspects of Civil Engineering subjec relevant approaches to
professionalethical and | area, take decisions ang manage work contexts i
social responsibilities | formulate judgments. Civil Engineering subjec
linked to management o area and reflect on
Civil Engineering professional, ethical ang
activities, decision social responsibilities in
making and judgment taking decisions and
formulation. formulating judgments.

7. Team Demonstrate knowledgg Function effectively in | Identify appropriate

working and understanding of | national and internationg functioning methods anc
functioning methods of | contexts as member of | relevant management
teams that may be teams that may be strategies of teams that
composed of different | composed of different | may be composed of
disciplines and levels. | disciplines and levels | different disciplines and

contributing to meet levels and elements of
deliverable, schedulkend | successful teamwork.
budget requirements.

8 Demonstrate knowledgg Communicate Identify appropriate and

Communication

and undertsinding of
established
communication methods
and tools and of their
limitations.

effectively, clearly and
unambiguously
information, describe
activities and
communicate their
exits/results to engineer
or wider audiences in
national and interrieonal
contexts, using
appropriate established
communication methodsg
and tools.

relevant established
communication methods
and tools.

9. Lifelong
Learning

Demonstrate knowledge
and understanding of thg

learning methods

Engage in independent
lifelong learning and

follow developments in

Identify appropriate
learning methods in
independent lifelong

20



A. Squarzoni and A. Soeiro

necessary to follow
developments in science
and technology in Civil

Engineering subject are

science and technology
in Civil Engineering
subject area
autonomously.

learning to follow
developments in science
and technology in Civil
Engineering subject are

* Complex engineering problems / products, processes and systems / issues / activities

Problems / products, processes, gysté issues / activities that cannot be solved / designed /

investigated / conducted without:

- knowledge and understanding of mathematics, sciences and engineering disciplines
underlying engineering specialisation, and/or

- knowledge and understanding thappart solving of engineering problems, designing of
engineering products, processes and systems, investigation of engineering issues,
conducting of engineering activities and/or

- knowledge and understanding of engineering practice.

Programme Learning Descriptors for Engineering Master Degree Programmes

Learning
Areas

Programme Learning Descriptors

Content in
Knowledge and
Understanding

Content in Skills

Content in Autonomy
and Responsibility

1. Knowledge
and
Understanding

Demonstrate idepth
knowledge and
understanding of
mathematics as well as
sciences and engineerir
disciplines underlying
Civil Engineering
specialisation at a level
necessary to achieve th
other programme

Apply knowledge and
understanding of
mathematics as well as
sciences and engineerir
disciplines underlying
Civil Engineering
specialisation to solve /
design / investigate /
conduct very complex
Civil Engineering

Identify and justify
knowledge and
understanding of
mathematics as well as
sciences and engineerin
disciplines underlying
Civil Engineering
specialisation necessary
to solve / design /
investigate / conduct very

understanding of the
processes and methods
of analysis / solution of
engineering issues
(products, pocesses,
systems, situations) /
engineering problems ir
the Civil Engineering
subject area, including
new and innovative

processes, systems,
situations) / engieering
problems in Civil
Engineering subject are
by applying appropriate
and relevant methods o
analysis / solution.

outcomes. problems / products, complex Qvil
processesral systems / | Engineering problems /
issues / activities. products, processes and
systems / issues /
activities.
2. Analysis and| Demonstrate Analyse / solve very Identify and justify
Problem comprehensive complex engineering | appropriate and relevant
Solving knowledge and issues (products, methods of analysis /

solution of very complex
Civil Engineering issues
(products, processe
systems, situations) /
engineering problems
from established or new
and innovative methods.
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methods, and of their
limitations.

3. Design Demonstrate Conceive and design | Identify and justify
comprehensive verylcomplex Civil || appropriate and relevant
knowledge and [Engineeringproducts design methods of very
understanding of the (devices, artefacts, etc.)|complex Civil |
process and methods ol processes and systems||Engineeringproducts
design in Civil by applyingappropriate | (devices, artefacts, et¢.)
Engineering subject and relevant design processes and systems
area, including new and methods. from established or new
original methods, and o and innovative methods.
their limitations.

4. Demonstrate Consult and apply code| Identify and justify

Investigations

comprehensive
knowledge and
understanding of codes
of practice and safety
regulations and of
investigation methods
(consultation of sources
of informatian,
simulations,
experimental methods)
in Civil Engineering
subject area, including
new and original
emerging methods, and
of their limitations.

of practice and safety
regulations and conduct
investigations
(consultation of sources
of information,
simulations,
experimental methods)
in Civil Engineering
subject area and within
broader or
multidisciplinary
contexts in order to meg
specified needs and
report the investigation
results.

appropriate and relevant
investgation approaches
(among codes of practice
and safety regulations,
consultation of sources @
information, simulations,
experimental methods) i
Civil Engineering subject
area and within broader
or multidisciplinary
contexts, and analyse,
explain and critally
evaluate the investigatiof
results with respect to thg
needs to be met.

5. Practice Demonstrate Implement and conduct| Identify and justify
comprehensive practical complex engineering practical knowledge and
knowledge and activities in Civil understanding of
understanding of Engineeing subject areg materals, equipment and
materials, equipment ar] and within broader or | tools, processes and
tools, processes and multidisciplinary technologies necessary t
technologies in Civil contexts, using and conduct complex
Engineering subject are| applying practical engineering activities in
and of their limitations. | knowledge and Civil Engineering subject

understanding of area and within broader
materials, equipment ar| or multidisciplinary
tools, processes and contexts
technologies.
6. Decision Demonstrate critical Manage work contexts | Identify ad justify
Making awareness of the key | in Civil Engineeing appropriate and relevant

aspects of professional,
ethical and social
responsibilities linked to
management of work
contexts, decision
making and judgment
formulation in Civil

subject area and within
broader or
multidisciplinary
contexts that may be
unpredictable and
require new strategic

approaches, take

strategic approaches an
analyse professnal,
ethical and social
responsibilities linked to
the management of work
contexts in Civil
Engineering subject areg

22



A. Squarzoni and A. Soeiro

Engineering subject
area.

decisions and formulate
judgments.

and within broader or
multidisciplinary
contexts, taking coheren
decisions and formulatin

Communication

and understanding of
communication
strategies, methods ang
tools, including new ang
innovative ones, and of
their limitations.

coherent judgments.

7. Team Demonstrée knowledge | Function effectively in | Identify ad justify

working and understanding of | national and appropriate and relevant
functioning methods an¢ international contexts ag functioning methods and
management strategies| member/leader of teamg management strategies (
of teams that may be | that may be composed ( teams that may be
composed of different | different disciplines and| composed bdifferent
disciplines and levels | levels meeting disciplines and levels an
and awareness of deliverable, schedule | elements of successful
leadership and budget teamwork.
responsibilities. requirements.

8 Demonstrate knowledge Communicate Identify and justify

effectively, clearly and
unambiguously
information, describe
activities and
communicate their
exits/resultstand the
knowledge and rationalg
underpinning theseto
specialist and non
specialist audiences in
national and
international contexts
and society aarge,
using appropriate
communication
strategies, methods and
tools.

appropriate and relevant
communication strategie
methods and tools from
established or new and
innovative ones.

9. Lifelong
Learning

Demonstrate knowledge
and uneérstanding of the
learning methods
necessary to follow
developments in scienc
and technology and
undertake further studie
in new and emerging
technologies in Civil
Engineering subject are
and within broader or
multidisciplinary
contexts.

Engage in indegndent
lifelong learning and
follow developments in
science and technology
and undertake further
studies in new and
emerging technologies
in Civil Engineering
subject area and within
broader or
multidisciplinary
contexts autonomously.

Identify and justify
appropriate learning
strategies and methods i
independent lifelong
learning to follow
developments in science
and technology and
undertake further studies
in new and emerging
technologies in Civil
Engineering subject areg
and within lvoader or
multidisciplinary
contexts.

* Very complex engineering problems / products, processes and systems / issues / activities
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Problems / products, processes and systems / issues / activities that cannot be solved / designed

/ investigated / conductemdithout:

- knowledge and understanding of mathematics, sciences and engineering disciplines
underlying engineering specialisation, and/or

- knowledge and understanding that support solving of engineering problems, designing of
engineering products, processend asystems, investigation of engineering issues,
conducting engineering activities and/or

- knowledge and understanding of engineering practice,

and that may be unfamiliar or nemvolve considerations from outside the field of study,

incompletely definedand/or conflicting issues and noechnical constraints, and require

original/innovative thinking.

Annex 2 - Goals and associated targets requiring Civil Engineering
competences for their achievement

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

6.4 By 2030, substantially increase watse efficiency across all sectors and ensure
sustainable withdrawals and supply of freshwater to address water scarcity and substantially
reduce the number people suffering from water scarcity.

6.5 By 2030, implement integrated water resources management at all levels, including through
transboundary cooperation as appropriate.

6.6 By 2020, protect and restore watelated ecosystems, including mountainggeéts,
wetlands, rivers, aquifers and lakes.

Goal 7. Ensure access to affordable, reliable, sustainable and modern energy for all

7.b By 2030, expand infrastructure and upgrade technology for supplying modern and
sustainable energy services for all in developing countries, in particular least developed
countries, small island developing States and landlocked developing countaespidance

with their respective programmes of support.

Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization
and foster innovation

9.1 Develop quality, reliable, sustainable and resilient infrastructure, includjiapa¢ and
transborder infrastructure, to support economic development and humaleimgll with a
focus on affordable and equitable access for all.

9.4 By 2030, upgrade infrastructure and retrofit industries to make them sustainable, with
increased resooe-use efficiency and greater adoption of clean and environmentally sound
technologies and industrial processes, with all countries taking action in accordance with their
respective capabilities.

9.5 Enhance scientific research, upgrade the technolagipabilities of industrial sectors in

all countries, in particular developing countries, including, by 2030, encouraging innovation
and substantially increasing the number of research and development workers per 1 million
people and public and private raseh and development spending.
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9.a Facilitate sustainable and resilient infrastructure development in developing countries
through enhanced financial, technological and technical support to African countries, least
developed countries, landlocked develgpoountries and small island developing States.

9.b Support domestic technology development, research and innovation in developing
countries, including by ensuring a conducive policy environment for, inter alia, industrial
diversification and value additicto commodities.

Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable

11.1 By 2030, ensure access for all to adequate, safe and affordable housing and basic services
and upgrade slums.

11.2 By 2030, provide access to satffordable, accessible and sustainable transport systems
for all, improving road safety, notably by expanding public transport, with special attention to
the needs of those in vulnerable situations, women, children, persons with disabilities and older
persons.

11.3 By 2030, enhance inclusive and sustainable urbanization and capacity for participatory,
integrated and sustainable human settlement planning and management in all countries.

Goal 13. Take urgent action to combat climate change and its impacts

13. Strengthen resilience and adaptive capacity to clinetded hazards and natural disasters
in all countries.

13.2 Integrate climate change measures into national policies, strategies and planning.

Goal 14. Conserve and sustainably use the oceans, seas and marine resources for
sustainable development

14.2 By 2020, sustainably manage and protect marine and coastal ecosystems to avoid
significant adverse impacts, including by strengthening theireeeé, and take action for their
restoration in order to achieve healthy and productive oceans.

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, and halt and reverse land
degradation and halt biodiversity loss

15.1 By 2020, ensure the conservation, restoration and sustainable use of terrestrial and inland
freshwater ecosystems and their services, in particular forests, wetlands, mountains and
drylands, in line with oblig&ns under international agreements.

15.2 By 2020, promote the implementation of sustainable management of all types of forests,
halt deforestation, restore degraded forests and substantially increase afforestation and
reforestation globally.

15.3 By 2030 combat desertification, restore degraded land and soil, including land affected
by desertification, drought and floods, and strive to achieve a land degrackatival world.

15.4 By 2030, ensure the conservation of mountain ecosystems, includirgdtriersity, in
order to enhance their capacity to provide benefits that are essential for sustainable
development.
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ABSTRACT

SERINA (Sustainable Engineering Education, Research in Active Practice) is a global engineering education initiative
> @ ZKLFK VWHPV IURP WKH RUJDQLVDWLRQYfV 3RUWR '"HFODUDWLRQ LQ
to 21st Century Grad Challenges threatening survival. Launched in Monterey Mexico in May 2018, SERINA is an online
portal dedicated to the support and promotion of engineering education and research that best demonstrates or seek
demonstrate active practices of sustailitgland engagement within the communities that the initiatives aspire to serve.
This paper highlights the origins of SERINA as a research and educational project. It focuses on a number of UNSDC
[3] Engineering initiatives and practices and on meetisgtaf nine principles of Fundamental Human Needs [4]. These
initiatives and practices were initially based on research centred on the signatories of the Porto Declaration. Then SERIN,
project has highlighted, over the last three years, by creating i@eaafhengineering focused projects from around the
world.

In this paper it is underlined how these sustainable initiatives linked to the UNSDGs also comply with Humanity
fundamental needs [5]. SERINA project has been creating a database of educat#wohrasd active practices related

with engineering education and with continuing professional development that may be useful to those interested ir
ensuring a hopeful future to all and trying to promote UNSDGs practice within their projects and actions.

1.INTRODUCTION

Building the framework (SERINA) interconnected to the United Nations seventeen Sustainable
Development Goals (UNSDGSs) and to the nine principles of Fundamental Human Needs (FHN) ha
been a fiveyear journey. The seed and catalyser of tBRISIA project was underpinned by the 2016
Porto Declaration.

Porto Declaration originated during thé"\&orld Conference of Continuing Engineering Education

of 2016 where signatories assumed the need to take action to keep the unique Earth where we all li\
The pledge was seriously assumed by conference participants after several sessions of debate anc
consensus about the redaction and about the awareness that engineering education and continu
engineering education can make a substantial difference in the future of the World (Figure 1).

The text of the Porto declaration states:

iWhereas Internationdssociation for Continuing Engineering Education (IACEE) was founded in
1989 to foster a global network of organizations promoting lifelong engineering education.

- Whereas IACEE recognises the scale and complexity of the gap between existing soldtibes an
needs facing our planet and that the IACEE is uniquely placed to act on this opportunity.
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- Whereas IACEE seeks to pivot the organisation to connect individuals, universities, industry,
government and NGO organizations to meet the grand challergyeg feumanity.

Now therefore in keeping with its dedication to leading lifelong learning, the IACEE will develop
global initiatives to address those 21st century challenges threatening the survival of humankine
through collaboration, design, creative thimkand engineering.

We the undersigned do hereby declare this at the IACEE 2016 Global Conference in Porto Portug:
DQG SOHGJH RXU FRPPLWPHQW LQ DFWLRQLQJ WKLV FDOO '

Fig. 1: Signatories of Porto Declaration, Porto, Portugal, 20 May 2016.

Therefore, SERINA project started with recognizing scale and complexity of the gap existing betweer
current solutions and the needs facing our planet concerning worldwide sustainability and the
challenges of climate change. The intent was that SERINA coulgiibute to act on seeking to pivot
itself and other organizations to connect individuals, universities, industry, government and NGOs ir
meeting the grand challenges facing humanity and our world (Figure 2).

Fig. 2: Engineering responsibility.
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2. METHODOLOGY

In keeping with its dedication to engineering education and lifelong learning SERINA has focused
on and will continue to focus on engineering education, on continuing professional development, or
research and on active practice. Encouragingtioption of proper engineering practices by active
engineers in decisiemaking functions can contribute to global initiatives addressing the tviiesity
century challenges threatening the survival of humankind and of the world inhabitants (Figure 3).

Fig. 3: SERINA website print screen.

SERINA implementation and research has found there is evidence of significant activities in
engineering sustainability initiatives taking place around the world, many of which involved the
active practice of sustaibke engineering and too continuing engineering education. The process
followed by SERINA management is composed by the following steps:

1. Access the websites active on continuing engineering education and on engineering education
identify sustainablenitiatives.

2. Initiatives are intended for classification in accordance with UNSDGs and with the nine criteria of
the Fundamental Human Needs.

3. Choose most relevant sustainability examples and place these on the SERINA website portal.

4. SERINA postsre created weekly from internet searches using relevant keywords.

5. Posts are classified in accordance with the topics of UNSDGs: 1. End Poverty, 2. Zero Hunger, 3
Good Health and WeBeing, 4. Quality Education, 5. Gender Equality, 6. Clean Watdr an
Sanitation, 7. Affordable and Clean Energy, 8. Decent Work and Economic Growth, 9. Industry,
Innovation, and Infrastructure, 10. Reduce Inequality, 11. Sustainable Cities and Communities, 12

28



A. Soeiro and A.E. (Tony) Smith

Responsible Consumption and Production, 13. Climate Actionl.ifel below Water, 15. Life on

Land, 16. Peace, Justice and Strong Institutions and 17. Partnerships for the Goals.

6. The nine criteria of Fundamental Human Needs [4] are also applied in the classification of eacl
post: 1. Subsistence, 2. ProtectionUBderstanding and Meaning, 4. Participation, 5. Identity, 6.
Idleness, 7. Creation, 8. Identity and 9. Freedom.

This systematic approach facilitates the information search for website users and promotes interactic
with the initiatives. The platform iss0 available on social media like Facebook and LinkedIn. The
collateral benefits of SERINA platform are to provide solutions for sustainability problems, to
highlight case studies and examples, to encourage stakeholders, to support engineers al
organizatons looking for possible tools and techniques and to grow the work done by society while
facing this challenge. It is a website which can reach practically all levels of people and organisation:
throughout the world to empower and inspire others to deahe.

3.RESULTS

Engineering Education (EE) and Continuing Engineering Education (CEE) are crucial in handling
the scale and complexity of the gap between existing solutions and the needs facing our plane
Engineers are uniquely placed to act on thisoojymity. Lifelong learning has developed and can
continue to develop global initiatives to address those twigstycentury challenges threatening the
survival of human kind through collaboration, design, creative thinking and engineering. SERINA
implementation has shown that it may motivate the engineering community and influence a majority
of stakeholders to engage with a framework of global sustainable development.

EE and CEE can influence in the short term the involvement of the engineering coynamehit
related sectors to a global commitment in implementing this call to service. This change and
improvement can be mostly achieved via education and training of the engineering community aroun
the world, as engineers and related stakeholders haveRlthai QIOXHQFH LQ WKH ZRU
It is crucial that within a global and international arena that engineers engage in sustainable measur
to ensure a future for the world. SERINA and the Porto Declaration can act as beacon and motivatio
for all ard especially for active engineers and for future engineers. The contribution of these
initiatives can arise from examples of related activities, the role of online learning in CEE sustainable
courses, some guidelines for online sustainable courses aptbth&on of training and education

for a sustainable world.

Engineers in some countries have compulsory periodic CEE and continuing professional
development (CPD) to keep their status as engineers [6], [7]. Professional organizations, governmei
agencies, companies, ngovernmental organizations and policy makean transform the
competences of active engineers through CPD and CEE to include those related with sustainabilit
The transformation can be achieved by legislation, by incentives (time or money), by awarenes:
campaigns or by creation of available modulesgineers are used to attend this type of training
given the fact that their profession is evolving constantly (Figure 4).
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Fig.4: Continuing Engineering Education session.

A possible incentive to engage active engineers in CPD and in CEE on topics of sustainability can b
the recognition of qualifications on sustainability. The title of sustainable engineer maybe awardec
to those willing to be trained. The title could brimgestige to the engineer, higher employability and
increase in salaries. This CPD and CEE can be formal learning, organized and structured throug
formal evaluation and assessment in traditional education systems-fmrmat learning embedded

in plannedactivities containing important learning elemejfsis The overarching aim of enhancing
sustainability competences is to have in place a system to document and to validate the competenc
that will be easily recognized by companies, professional orgamsadind society.

Another possible improvement is to have mandatory sustainability education and training for
engineering programs. Currently, professional qualification frameworks of engineers already require
competences in the area of sustainabjtity[10]. The problem is that many engineering programs
from academia do not comply fully with the demands of the professional qualification frameworks
and many graduates do not have the necessary sustainability competences in terms of knowledc
skills and aitudes. In this case of transforming the higher education engineering programs it is only
viable through the intervention of legislative branches.

4. CONCLUSIONS

SERINA has shown that it is possible to gather examples and case studies valuablerfatiqgrega
future graduates and active engineers in the area of sustainability. SERINA maybe replicated by othe
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stakeholders to become databases of examples and of case studies, of training programs and
initiatives that can bring hope for those concdmth the future. That can bring hope and optimism
while developing an active mind set about respect of UNSDG and of FHN enacting its
implementation in planning and executing future projects.

Adapting to change is one of the most difficult and complex dwurohallenges to navigate
successfully. Yet no person or community has any immunity for change. The dawn of the third decad
of the 21st Century has swiftly heralded unimaginable shifts and challenges across the globe withot
exception. So too, it has realed signs of tremendous accomplishments, of ingenuity and of
adaptability, buoyed by resilient human spirit and by desire to succeed against immense adversit
Against this backdrop, the decade ahead for engineers could hardly be more significant,rdgmandi
and exciting for the best of engineers and of academics as problem solvers.

As engineering students, professionals, educators and administrators, one can look to the enormity
2030 deadline targets of the UNSDGs with a renewed sense of purposeyuage optimism,
knowing that the world has demonstrated its ability to adapt at a scale of unprecedented solvin
measures at the blink of an eye. SERINA is an example of what can be achieved.
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ABSTRACT

:KLOH GHVLJQLQJ DQG EXLOGLQJ WKH LQIUDVWUXFWXUHY WKDW VXSSRUW
VSDFHVY QHHGV @@ n@malorh® €xdnivinicHof today without compromising those of tomorrow is one
PDMRU SLOODU RI VXVWDLQDELOLW\ $OWKRXJK WKHUHYV D VLIJQLILFDQW S
practices taught and made in buildings to redbeating and cooling costs by using less energy, there are limited
UHIHUHQFHYVY IRU WKH LPSRUWDQW SDUW WKDW WHDFKLQJ DQG LQWHJUDWL
educating civil engineers.

This research work further discusstne role of the building environment specialists in educating future graduates to

apply sustainable design principles and therefore to contribute in the broader field of implementing the Quality Education
SustainabledDevelopmentGoal (i.e.SDG) IRFXVLQJ RQ WKH 3KXPDQ" DVSHFW DQGTHSVNVY GHVL.
UHVHDUFK LQTXLU\ EHFRPHVY HYHQ PRUH FRPSOLFDWHG L3usiainglzVWHU TV
Architecture andntegrativeT echnologies (i.eSA&IT ) is to be offerd online.

The true and accurate information collected during this research, is properly analysed and both the strengths and the
weaknesses are judged in terms of well documented internal evidence and external criteria. The Case Study Research
Method was sttegically followed as the most suited research tactic. It also formed the basis to investigate this empirical
LQTXLU\ RI VHWWLQJ WKH PLQLPXP FULWHULD DQG WKH VWDQGDUGYV IRU WK
to be remotely offieed to participants who aim to practice in the built environment field applying sustainable strategies in

their designs.7 KH SUHVHQWDWLRQ RI WKLV LQYHVWLIJDWLRQYV FRQFOXVLRQV WR
to gain valuable feedbackad to initiate a generative discussion and a critical conversation on this topic. The answers to

the main research question are concluded as follows:

1. This research originates by creating a new pattern that can add academic diversity and specialibation in t
market of Higher Education in Europe.

2. It can introduce scientific research practices and technology knowledge to the content of existing educational
programs offered.

3. The focus on SA&IT is successful at the development of a holistic approach taitile SDG goals following
a technological, social and sipecific design.

4. The aim should be to integrate many different disciplines and expertise, acknowledging that sustainable practice
needs to develop closely through crassciplinary collaboration.

5. The cohesion and dedication of a community such as the European Civil Engineering Education and Training
Association (EU.C.E.E.T.) and the Association of European Civil Engineering Faculties (A.E.C.E.F.) in our
teaching practices is necessary to accorligs aim.

6. The presence of the membership has the possibility to be advertised and used as an exceptional national and
international forum that can support academic, industry and community exchanges on sustainable architecture.

The former six points aradicative of the proposed good practicBse challenges revealed through this research define

the framework for further research and development of a prototype program of studies to be offered to professionals who
intent to practice particularly in the Migerranean basin with its unique and characteristic ecosystem regime of mild wet
winters and warm and dry summert$iese challenges are listed as follows:
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1. To develop, refine and clearly articulate a progressive vision for educating Eligineers and Built
Environment Specialists, making timely, competitive and relatively unique Strategic Plans in the international
educational field including the specialised field of SA&IT.

2. To consider how the design focus on SA&IT can add an authentipauent to the purpose and activities of
the Civil Engineering teaching and learning program pathways.

3. To define the exact academic content in relation to other Master of Science (MSc) and Master of Engineering
(MEnNg) programs offered by Higher Educationitkrsities and Institutions across Europe.

4. To create researdbased threads and connections of teaching and learning.

The research study conducted discovers the parameters that dominate the optimum design of teaching and learning basis.
It clearly stateghe purpose, objectives and learning outcomes, as well as the structure and the content of courses that
focus on Sustainable Architecture and Integrative Technologies.

The effectiveness of teaching work using the available resources to qualify the kigtatian graduates is found to be

related to the organisation of teaching work, the teaching methodology and personnel and the available resources.

The presented findings initiate the mechanism of further discussion on the role of such quality teacleiamergdof

the specifics of sustainability particularly designed for graduates specialised in the built environment, in order to draw
the necessary conclusions and take further actions. More importantly, the discoveries intent to make recommendations
directly related to the purpose and results of this study. Research work and synergies with teaching needed are emphasised.
Support of teaching work such as administrative mechanisms, supporting infrastructure and financial resourcing are also
mentioned. Speal characteristics related to the distance learning delivery of teaching and learning, such as feedback
processes, guidance and support, performance monitoring, communication, assessment consistency, teaching materials
and electronic sources of informati@are developed and illustrated for an indicative course. The maximum number of
students per classection, the conduct of written examinations and the number of long distance classes taught by the
academic personnel are also stated.

In summary this papés a critique of the role that the optimum selection among alternative designs of Quality Education
UHJDUGLQJ 6 XVWDLQDELOLW\ WKDW ZLOO LQFOXGH 6% ,7 FDQ SOD\ LQ WKH

1.INTRODUCTION

The general purpose of the study presentedsrptper is to extend the inquiry of the role that Quality
Education for civil engineers has to play in the implementation of the Sustainable Development Goals
(i.e. SDG). The American Society of Civil Engineers in their report for the-2016 Criteria or
Accrediting Engineering Programs and specifically for Civil and Similarly named engineering
programs, strongly suggest teaching faculty in the programs under evaluation to include principles of
sustainability in design [1]J0 7K<UHU HW D @lysed a@otdd &f 247 ddtiQes, of which 70

were case reports, from 82 universities. They have concluded that there is a strong political will and
commitment towards sustainability and sustainable development which has had an impact on higher
education. Th importance of it is recognised by research teaching faculty in engineering and among
the critical future research questions that emerged from the analysis, was the further exploration of
the knowledge and value frameworks of students and teachers.apeisgxtends the development

to include the case of the University of Nicosia, Cyprus Master Program outlining the Sustainable
Architecture and Integrative Technologies (i.e SA&IT) orientation.

According to the nature of the architecture and engineersaiptines, the answers to the research
inquiries may involve different procedures to follow. The author has been systematically
experimenting with the challenges of teaching students both at an undergraduate and graduate level
who were educated followingitber architectural or engineering studies. After many years of
teaching, it is now recognised by the author that in order to address properly the education of
engineers for careers involving the sustainable development it will require a good undersidnding
WKH WUDQVIRUPDWLRQ RI QRW RQO\ 3ZKDW"~ EXW PRUH LPSRU)
towards excellence in the knowledge of different type of learners. In current engineering graduates,
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critical thinking skills and the ability to coltg evaluate, and utilize information are often not
advanced. They also have little or no experience of dealing with uncertainty and ambiguity in problem
solving. Too often, engineering curricula place more emphasis on the memorization of facts-and well
edablished procedures than on learning the skills necessary to deal with large, complex problems. As
a result, current engineering graduates are entering the market plegeipibed to deal with the
problems society is sure to face to reach the sustaigallls by 203@040.

The objective of this contribution is to present a program for graduates and future practitioners in the
field of sustainable development of the built environment, who will need to become specialists and
competent to face current aatherging demands. The gap identified in recent literature is the need

to alternatively offer a unique path for teaching and learning about sustainable goals imposed by the
needs of modern societies, following a new student centred, pedagogical mo&ebjéot Based
Learning (i.e. PBL). Learnarentred environments are a prerequisite to the redesign of engineering
education for sustainability. A more thorough objective analysis is needed.

The investigation undertaken by the author acknowledges the afleasearch teaching faculty at
selected universities worldwide, (such as Carnegie Mellon: School of Engineering, Stanford
University: Civil and Environmental Engineering, Purdue University: College of Engineering
Michigan Technological University Hought@and North Carolina State University in the USA) who
address the need for curricular changes that foster sustainable thinking and have been reviewing a
number of engineering curricular changes drawing comparisons to medical and other fields. The
authors 6the research paper on Defining Engineering Thought [5] summarised their analysis of the
novel approach to education in general and engineering education in particular that will allow the
IROORZLQJ 3GHYHORSPHQ Werkréd @ricdlifthaty énQabes @t DchiedleHdé s
students; development of an integrated curriculum that fosters a mastery of engineering fundamentals
within the context of the liberal arts; encouragement of socially responsible and sustainabili¢yg

thinking; developmenof a socially and personally relevant curriculum to attract and retain women
and undeirepresented minorities; and. encouragement to develop the language of technology and
quantitative literacy among nellQJLQHHULQJ PDMRUV"™ 2QH rRengildebhgOHD G L C