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Transversal skills are known to be often forgotten in the engineering studies plans or relegated to the will of the professors.

The nuclear engineering subjects at theUniversidad Politécnica deMadrid are taught in the last courses of the degree or at

master and doctorate levels. Therefore, the alumni are expected to be almost ready for the working period of their lives.

Throughout the last years, due to the Bologna process, some transversal skills evaluation initiatives have been

implemented. Those initiatives were mainly based on doing an additional project, individually or in group, during the

semester, and presenting it in public at the end of the semester. Thanks to those initiatives, noticeable lacks were identified

in several transversal skills such as oral and written communication, creative thinking and teamwork. For example, some

alumni confessed that it was the first time they had to expose a technical work in public. Those lacks in the transversal skills

were also identified by engineering companies. Motivated by those issues, a new project to develop the mentioned skills in

nuclear engineering subjects was raised. In the first phase during the courses 2011–2012 and 2012–2013, two subjects were

selected as pilot:Nuclear Power Plants (4th course in degree) andReliability andRiskAnalysis (Master inNuclear Science

and Technology). They were chosen by the different level of knowledge, the numbers of students and their origins. The

training has been improved during the second phase with the lessons learned of the first phase. In conclusion, following the

alumni polls and evaluated results, the trainingwas very effective and the alumni have a positive feedback on it. They think

they have developed their transversal skills in a way they feel better prepared for their careers.
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1. Introduction

Engineering education has undergone a few changes

throughout last twenty years. These changes are not

only related to modifications already implemented

but also open a broad range of possibilities. It is

difficult to keep maintaining the idea that the main

objective of students after reading a subject is

reduced to passing an exam. The motivation for

embracing the knowledge to be fully used along the
student professional life could save a huge amount

of time and resources during the learning academic

process. In a highly changing technological society,

the fact of being aware of what kind of requirements

or needs are demanded by the engineering compa-

nies is essential to the success of student’s careers.

Many voices, such as Nguyen, [1] have point out for

years that the engineer education must accomplish
with a broad variety of competences, not only

technical knowledge.

Implementation of the Bologna requirements at

some of the Nuclear Engineering courses at Uni-

versidad Politécnica de Madrid has been used to

take into account and integrate at the teaching-

learning process those skills demanded by industry.

This university, specifically the Industrial Engineer-
ing School (ETSII-UPM), has been identifying the

key transversal skills that may complement the

technical background to set a complete education
to be ready for today’s world. Those skills could be

defined as; working capacity in an international

environment, development capacity in an interdis-

ciplinary group and ability for transmitting ideas

through both oral presentations and written docu-

ments.

With the pre-Bologna academic plans, these

required abilities as well as other important ones
such as creative capacity, the acquisition of ethic

standards and the ability to adapt to a changing

world, were only addressed bymaking FinalDegree

Projects or Thesis [2]. It has to be underlined the fact

that at ETSII-UPM it has been observed a tendency

to move from classic engineering projects to theore-

tical-experimental projects or to organizational and

economical studies in the Final Project Degree [3].
Therefore, these abilities, such as creativity, are

much more developed than in the past.

During the last years, several improvement meth-

ods of transversal skills and some evaluation initia-

tives have been implemented. Some of the most

interesting initiatives comes with the Project-

Based-Learning (PBL)methodology, which intends

that a group of students learn deeper the subject at
the same time they developed transversal skills by
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doing a project together, [4].This methodology has

been demonstrated to be a better tool for developing

student’s transversal skills. The usefulness of this

methodology in the higher education has been

studied deeply, as well as the difficulties to imple-

ment it, see [5–7]. Many examples of application of
PBL can be found in the literature.

Some of the applications are a valuable approach

of the PBL applied to practical projects, such as: a

fluid dynamics laboratory [8] or a satellite naviga-

tion system [9]. Some researchers have been do an

effort to adapt the PBL to the industry in those

practical project [10], which could be a good oppor-

tunity to train the students with real life challenges.
Other initiatives are more theoretical, adapted to

the subject, such as sustainable industrial designs

[11], material science projects [12] or machining

project business plan [13]. The PBL methodology

has been used as a tool for life-long learning. This

application could be useful for highly technological

areas, such as nuclear engineering [14].

The Nuclear Engineering studies have been
always a paradigm of PBL projects and transversal

skills training. The students that approach Nuclear

Engineering (NE) for the first time have a strong

engineering background. In many universities, the

NE subjects are taught only at theMaster Level [15].

One of the most interesting approaches in terms of

transversal skills training for NE subjects is the use

of full-scope simulators for teaching the reactor
operation and control and the thermal-hydraulics

and core neutronics [16]. With the use of those

simulators, the students have the possibility of

operating a nuclear power plants in groups and

experience the feeling of being a power plant opera-

tor. Other similar approaches use other interesting

tools to complement the simulator training, such as

worksheet-exercises to learn core thermal-hydrau-
lics [17].

From 2006, some PBL initiatives were implemen-

ted inNuclear Engineering subjects at ETSII-UPM.

Nevertheless, they had been reduced to the realiza-

tion of a presentation at the end of course, indivi-

dually or in groups of students.

Therefore, learning from all these existing PBL

and transversal skills projects, a new approach were
developed and implemented in the time of the two

following academic years: phase one (course 2011–

2012) and phase two (course 2012–2013).

The conclusion of the initiatives on the first phase

exposed important deficiencies that most of student

possessed that covered various fields such as oral

and written expression, lack of creativity or abilities

to work in a group. Some students stated it was the
first time that they had made a public presentation

on a technical matter.

Furthermore, to comprise these problems and to

relate them with the features of the UPM, a study

has being conducted on some subjects of MIT and

Pennsylvania State University, as well as EC-2000

initiative, to identify other approaches andmethods

to address these major issues. Those initiatives

were also complemented with other interesting
approaches within ETSII-UPM.

Taking into account those studies, some extra

initiatives were accomplished in the NE subjects to

correct and improve, in a continuous process, more

transversal skills. However, this process has pre-

sented some problems such as the control, feedback

and correct evaluation of the implementation of the

plan and the constraints, both economic and tem-
poral, imposed by the educational system.

2. Methodology

In this section, the two phases of the educational

initiative at the Nuclear Engineering subjects are

detailed.

2.1 First phase of the initiative (course 2011–2013)

In the first phase during the course 2011–2012, two

subjects were selected as pilot: Nuclear Power

Plants (4th course in degree of the Industrial Engi-

neering studies) and Reliability and Risk Analysis

(Master in Nuclear Science and Technology). They
were chosen by the different level of knowledge

required, the number of students and their techno-

logical approach.

In the first subject, Nuclear Power Plants, some

initiatives were implemented. The most important

one was what it was called ‘‘We are going to build a

nuclear power plant’’ competition, a ‘‘role play’’

activity based on PBL methodology. The class was
divided in groups of three or four students. Each

group developed a written report about a different

model of an advanced reactor plant. At the end of

the semester, each group had to make a 15 min

exposition, in which the group, entirely, had to

display their work. The differences among other

similar activities were in the details: the students

were told to be in a competition in which the
professors represented an electrical company that

wanted to buy a new power plant. Therefore, their

rolewas as project engineers presenting theirmodels

design, trying to show their strengths, improve-

ments and weaknesses, see Fig. 1 as an example.

In order to address this project, it was explained

how to make properly a technical written report.

Similarly, two weeks before the final exposition, the
students were taught to present in public. They were

also taught into ethics as they could not talk about

the weak points of other reactors during their

presentations, as in the real world should be. This

education in ethics has been recognized as necessary
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for engineering students [18], and especially in the
nuclear field [19]. Tomotivate the students in the use

of oral English, they had an additional score for

presenting in that language.

In the second subject, Reliability and Risk Ana-

lysis, an important initiative was raised related with

transversal skills. The most of the final qualification

was the development of a group project in which

safety evaluations techniques related with nuclear
engineering were applied to other fields which were

closer to the student’s environment. For example,

one of the projects evaluated the safety of a solar

power plant as if it was a nuclear power plant, a very

innovative approach that has never been done or at

least is not published in public literature. Another

interesting project was the evaluation of the stress

produced in the operators actions involved in a
nuclear power plant accident. The two PhD stu-

dents trained acting themselves as operators in the

Nuclear Engineering Department full scope simu-

lator and registering their timing and stress based on

their own experience. At the end of the semester the

works were shared in a final presentation.

In addition, transversal competences such as

creative thinking and team work were promoted,
as well as some education in oral and written skills.

2.2 Second phase of the initiative (course 2012–

2013)

In the second phase of the project, during the course

2012–2013, a most ambitious approach was done.

As a first task, the transversal skill training of the

most important Nuclear Engineering education

institutions (MIT, Penn State, TsinghuaUniversity,
etc.) andETSII-UPMnewmethodologies and ideas

were analyzed. Some of those initiatives were imple-

mented in pilot courses. The aim was to develop a

complete transversal skills training program with

the whole set of courses, as many of the students go

through all the selected subjects to complete their

grade or master in nuclear engineering. The Indus-

trial Engineering School and the Universidad Poli-
técnica de Madrid granted this educational project

initiative with funding for a partial time scholarship

for a student to help the team in the development of

the project.

2.2.1 Feedback from the initiatives implemented by

other universities regarding transversal skills

Throughout the course cited, the selected student

spent several months gathering information about

the development and implementation of some of

these transversal skills on the respective curricula of

various international universities as well as an
analysis of EC-2000 initiative.

The selection of some universities to evaluate the

way they develop their respective curricula was a

cornerstone. The constraints which constitute the

diverse educational systems bring the necessity of a

continuous data exchange, essential if preparing

students as complete as possible is one of the most

important objectives. Therefore, it is of common
interest to compare and contrast various activities

that other educational institutions performed.

MITwas the first university to be analyzed. Forty

one courses were studied. The information obtained
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from every course came from its website Open

Courseware [20]. This is a web-based publication

of virtually all MIT course content. OCW is open

and available to the world and is a permanent MIT

activity. The investigation procedure focused on

those ones belonging to the Nuclear Science and
Engineering field.

The second university was Pennsylvania State

University. The information was obtained from its

Website [21]. Twenty two courses were analyzed. As

in previous case, the investigation procedure

focused on some of those courses belonging to the

Nuclear Science and Engineering field.

During the process, the courses offered were
evaluated. A short report was made from each one

of them that included documentation, information

about the transversal skills that were addressed, as

well as the method of evaluation of the course.

Regarding documentation, a classification of

every course was accomplished concerning type,

length and field dealt. A summary about objectives

pursued and student profile to which the course
aimed was accomplished.

With reference to the analysis of the use of

transversal skills, a report was accomplished

during the course. The previously cited report

comprised every activity such as presentations,

debates, papers, etc. These activities were classified

depending on which kind of transversal skill

expected to strengthen. At first, the selected trans-
versal skills were: oral and written communication,

creative capacity, capacity to work in a group and

use of computer tools.

Finally the evaluation method chosen for the

course was analyzed. In this part was included

every type of activity that weigh in, and the percen-

tages of each activity in the final grade.

After the valuation of various courses of different
universities, the decision to incorporate the initia-

tive EC-2000 was made. It is important to know the

capacity to contrast with other educational institu-

tion. However what EC-2000 proposes is to inten-

sify. EC-2000 was an initiative developed in the

United States by several universities and institutions

with the aim of expanding and implementing

continuous improvement systems. It provides doc-
umentation, alternative methods, including proto-

cols and instruments, for assessing specific

outcomes.

The analysis of the results obtained in the study of

different courses provided abasis for the application

to other courses. In the first part, an analysis was

performed based on the number of subjects required

in a number of specific evaluation activities. The
selected activities represented those that form part

of the final assessment.

The first are periodic tasks. This item includes all

activities that have to do such as homework, or

exercises to be periodically delivered. For example,

Nuclear and Radiochemistry course at PSU.

The second is a regular attendance at class. It had

taken into account only those subjects assigned or

specifically emphasized assistance or incentive as
part of the final grade evaluation. For example,

Design Principles of Reactor Systems at PSU sets

that the attendance is mandatory and 0.5 points will

be subtracted from the student’s final grade per each

class missed.

The third activity encompasses all kinds of tests as

a test or measure of the student’s abilities. Such

testing may be conducted throughout the course,
and may occur several times during it.

For instant, Reactor Engineering at PSU three

exams are given (2 Midterm & 1 Final Exam), and

the final grade is calculated based on the two best

exams out of three.

The fourth activity is based on the inclusion of

participation. It has taken into account only those

subjects assigned or specifically remarks participa-
tion or incentive as part of the final grade evalua-

tion. For example, in Introduction to Applied

Nuclear Physics at MIT, the class participation is

a 5% of the final score [22].

The fifth characteristic is taken as performing

work. The difference between performing work

and a regularwork is that need greater time commit-

ment, and often could be collectively performed
with the respective presentation. For example in

Nuclear Power Plant Dynamics and Control at

MIT, the students can select one of two formats

for their short paper: a summary and critique of a

recent journal article on control of complex systems,

or an essay on some aspect of reactor control, [23].

The last of the activities outlines as making

presentations. For instant, Photon and Neutron
Scattering Spectroscopy at MIT, the students have

to make a 30 min presentation choosing among 9

different topics of the subject, [24].

As a summary of the study, the percentage of the

number of courses of each university studied with

the previously mentioned activities is represented as

a comparison in Fig. 2. The results obtained show

that most courses opt for periodically requiring
tasks, as it could be observed in PSU (100%) and

MIT (85%) tested subjects. For assistance, 18% and

12%, respectively, of the subjects encourage assign-

ing class participationpart of the grade.With regard

to examinations, 96% and 76% of the subjects

performed examinations for evaluation. 9% and

17% respectively of the subjects are given a portion

of the final grade for participation. Finally, 14%and
27% respectively assigned part of the final grade to

making presentations.

With regard to the number of selected transversal
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skills namely, oral and written communication,
creativity, ability to working teams and use of

computational tools, there has been notice that a

lot of work has been done from those universities.

With respect to the first cross-skill, oral and written

communication, it has taken on the tasks per-

formed, or that proposed projects or reports that

require explanation of an idea or project descrip-

tively, requiring the need for use communication
skills. For example, in Neutron Interactions and

Applications at MIT, the students are encourage to

explain the importance and significance of their

projects, to offer a critical view of the methodology

employed and also to suggest ways to improve [25] .

Regarding the creative capacity, it has taken

those characteristics that represent the student’s

need to provide some idea of their own, or to
confront the problem critically and originally

posed. For example in Magnetic Resonance Analy-

tic, Biochemical and Imaging Technique at MIT,

the students are told to be creative in their selection

of topic for their final work [26].

Withrespect toteamwork, ithastakenanyactivity

that requires the collaboration of group work. The

development of team work skills is essential for
adaptation to the experiences in future jobs. It

could be detected how other skills as creativity is

suggest in the same activity. For example, in Funda-

mentals of Advanced Energy Conversion at MIT,

the team work is optional but encouraged [27].

With reference to the development of the use of

computational tools is included any activity that

uses software packages, simulation codes and pro-
gramming codes, for example the use of nuclear

thermal/hydraulics codes at Design Principles of
Reactor Systems at PSU.

In the second part of the study addressed one of

the most important initiatives of the last twenty

years when implementing cross skills: the EC-2000

plan. 90 different institutions emphasized the need

for the modernization and renovation of educa-

tional programs in engineering. This need was

interconnected and was attractive to the student
remarked a key need that society demanded.

Another key feature was the requirement that the

curriculum be structured flexibly to adapt ade-

quately to these demands.

Themain objective of the initiativewas to provide

to multitude of schools with a series of mechanisms

and tools for developing frameworks adapted to

each institution that permit such continuous
improvement.

The cornerstones of this initiative are called Out-

comes. The outcomes could be defined as observa-

ble and measurable manifestations of applied

knowledge. Defining such outcomes include cogni-

tive, attitudinal and behavioral aspects [28].

The cognitive domain refers to things related to

the acquisition of knowledge. The attitudinal-
related field provides information about the effec-

tiveness of an academic program. The behavioral-

related field relates the reaction of students to both

internal and external effects. In addition, this item

explaining that knowledge should not only be

acquired but applied to relevant situations.

Ec-2000 initiative, as collection, provides a series

of 11 outcomes that could be used or selected by
each institution for their specific needs, and provide
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a series of measures for the evaluation of these

outcomes [29].

To evaluate the initiative, a report on several

aspects was accomplished. First the report

addressed the scope of the initiative, marking out

which parts of curricula could be influenced. Sec-
ondly it was taken into account the approach of the

initiative. Finally it was selected which methods

could be useful to incorporate in the curricula.

Despite the fact that EC-2000 is the result of a

broad activity with multiple cases that could be

applied to nevertheless, EC-2000 does not develop

specific tools to specific cases, however, it develops a

framework that will have to make suitable for each
need of educational institution. In addition, con-

straints such as time, staff and economics resources

should be included.

At first it was developed a report on the objectives

sought byEC-2000. It included the background that

led during the 90s to decision making that resulted

in the initiative and its potential impact on the

ability to adapt to countless frames.
In the report was included a summary of the

process of implementing the plan, defining its

steps and explaining which goals and tasks were

pursued at each stage of the process as well as, the

duration of each step in the process and problems

that might be encountered along the achievement of

it.

Finally referencewasmade to themost important
part of the EC-2000 initiative; development and

implementation of Outcomes, understood as meth-

ods specifically marking out the development and

implementation of cross-cutting skills demanded by

society as of today. These Outcomes give rise to a

framework that will lead the continuous improve-

ment process required in addition to a sound

evaluation of the results throughout the process.

2.2.2 Implementation

Those international universities initiatives were also

complemented with other interesting approaches

within ETSII-UPM, such as Learning Through

Play project, [30] and multidisciplinaty PBL [31].

As a direct feedback on the innovation project for
the study conducted, some initiatives were imple-

mented in the 2012–2013 course. In Nuclear Power

Plants subject, there were established two one-hour

debates during the semester. In the first debate, after

20min of training in oral skills, the class was divided

into two groups: onewas pro-constructing a nuclear

power plant inMadrid and the other was against it.

High percentage of students was defending the
position they were against at the beginning of the

debate, to increase the effectiveness of the training.

In the second debate, the nuclearwaste problemwas

discussed. The class was divided in three groups,

two pro different repository options and the third

oneprodropping thewaste to the sea, an option that

is illegal nowadays all over the world. In both

debates, training in ethics was made during them.

With these two debates, they faced the two recog-

nized challenges of nuclear energy: nuclear safety
and waste management, so not only they were

trained in transversal skills but in technical ones.

The other initiative implemented is to comple-

ment the Nuclear Power Plant subject with three

Seminars that have been implemented in the last

years at ETSII-UPM by the Nuclear Engineering

Department:

� Basic Course of Nuclear Science and Technology

(4 h): the objective of this course is to give an

overview of the applications of Nuclear Science
and Technology.

� Seminar of Nuclear Safety in Advanced Reactors

(24 h): the objective of the seminar is to detail the

new advances in nuclear safety, focus on the new

reactors.

� Seminar of Nuclear Fusion (8 h): the objective of

this seminar is to give a wide overview of the

fusion technology. It includes a visit to the
CIEMAT fusion reactor prototype in Madrid.

The program of these seminars has been adapted in
2012–2013 to be complementary to the Nuclear

Power Plant’s one. The lecturers are young profes-

sionals from the industry and the academia. The

attendance is composed both of people from the

industry and students of Nuclear Power Plants

subject. This mix put into contact the students

with professionals that are working in the field

they are studying in the Nuclear Power Plants
subject. The reactors described in the Seminar of

Nuclear Safety in Advanced Reactors are chosen to

be the same as the students have to work on in their

group project, so they can ask directly to the

industry experts their doubts during the project.

3. Results and discussion

Following the completion of the activities during
the 2011–2012 and 2012–2013 courses it was

initiated the analysis the results. It is common

practice in school make a course evaluation once

completed. This evaluation is performed through

series of polls that must be completed by students;

see Annex for the detailed composition of the

survey.

The results shown in Fig. 3 refer to the subject
Nuclear Power Plants during the years 2010–2011,

2011–2012 and 2012–2013. Students were asked to

answer anonymously a series of question valuing

each from zero (completely disagree) to five (com-

pletely agree). The evolution is clearly positive in all
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the 12 areas, which is a good feedback of the
methodology.

There is a clear tendency of improving the scores

from the last year without transversal skills educa-

tion in the subject. The students showed more

motivation to attend to classes and improvements

in their skills, which was the main objective of the

project.

4. Conclusions

In conclusion, following the last years polls, the

implementation of the methodology has been very

effective and the students has a positive feedback on

it. They feel they have developed their transversal

skills in a way they feel more prepared for their
careers. The training was improved during the

second phase with the lessons learned of the first

phase.

The future works are to standardize and consoli-

date the implementation of the transversal skills

training in the nuclear engineering subjects in the

new studies that will start in the next courses.
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Appendix: Academic survey at ETSII-UPM

1. The scheduled tasks of (theoretical, practical, individual work, group, etc.) relate to what is intended to
learn in teaching.

2. In developing this educational activity there is no overlap with the content of other activities or

unnecessary repetition.

3. I’ve improved my starting skills, in relation to the powers provided in the program.

4. The information provided by the teacher on teaching (objectives, activities, bibliography, criteria and

evaluation system, etc.) is found easy to access and use.

5. The literature recommended by the teacher is useful to develop individual and group tasks.

6. I understand the subject without additional external support to the Center.
7. The course provides adequate teaching resources to be tracked (learning platforms, teaching materials,

laboratory equipment, etc.)

8. The labs help the understanding of the subject.

9. Overall, I am satisfied with the teaching of the subject.

10. I attend class regularly.

11. Should be devoted to the subject (including class time, practice, study, etc.) an approximate number of

hours per week ...

0: less than 5 hours
1: 5–7 hours

2: 7–9 hours

3: 9–11 hours

4: 11–13 hours

5: more than 13 hours.

12. I have attended the following number of tutorials

0: Never

1: 1 time
2: 2 times

3: 3 times

4: 4 times

5: more than 4
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