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Abstract  
 

To work is to solve problems, most part of enginers applied this maxima. So Engineering training must 
be aimed at training professionals to solve problems efficiently. 
 
Efficiency is to adequately fulfill a function and also is to innovate in the solution of these problems. 
Engineering training has to be open and interdisciplinary. 
 
The student has to receive training in STEAM (Science, Technology, Engineering y Mathematics) 
areas but the student must take responsibility for the knowledge they acquire to solve problems in 
your area of interest. 
 
Society has to provide open, flexible and free training because knowledge is a social good, but 
students they have to show that the effort made by society is being useful. 
 
The design of the training systems, the organizations that develop the activities and the teachers who 
work with the Students have to adapt to this training system. 
 
The 21st century is changing social relations and the Covid-19 pandemic has accelerated these 
processes. 
 
The organizational criteria of the training processes must be oriented to the results achieved by the 
students, not to the compliance with methodologies supervised by the managing bodies. 
 
Training must be focused on the demands of society and not on the administrative processes of public 
administration. In this paper we are going to study the design criteria of 21st century engineering 
training programs. 
 
The School of Civil Engineering of the Polytechnic University of Madrid is the appropriate environment 
for these processes of innovation, creativity 
and flexibility in engineering training. 
 
The training programs that are being evaluated are an example of these ideas and the social 
acceptance of both the students and the organizations that must incorporate the success indicators of 
these models into our specialists. 
 
The three tools for the analysis of the activities with which we are working are: 

- UN Millennium Goals 
- Job skills in engineering from the World Economic Forum 
- “Next Generation” Program of the European Union 

 
Training is to adapt the skills of students to the needs of society. The training centers are the units to 
achieve these objectives in the most efficient way for society.The objective of the universities  is  
provide the technical and social training of the students. 
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1. INTRODUCTION  
 
The changes that are taking place in society have not yet been introduced in training.In today's society 
the fundamental factor is attention. Training processes are not attractive enough for many of their 
users. Students perceive the training processes as inefficient [1]. 
 
For the student, the main objective of the training process is to obtain a degree that allows him to work 
in this technical area. 
 
The student considers that the fundamental factor is the development of professional activities that, on 
the one hand, allow him to know the problems that he has to solve and, on the other hand, provide 
him with an experience that he can value in the market. Training from an econometric point of view 
has a very serious problem by not allowing to quantify the net value that the student has provided his 
training process. 
 
A person is aware of the value of their professional experience in the labor market, but on the 
contrary, it is very difficult to accurately assess the value of their teacher training. 
 
Currently there are two reference models: On one hand, is The United Statesuniversities, with a very 
high cost in the training processes, on the other hand  is the European model in which university 
training has a low cost. It is important that the free training processes, very common in Europe, will be 
improved, because the time for the students is a fundamental element to quantify the cost of training, 
So will be better for the student to carry out paid internships. 
 
In many cases, for students, their stay at the university is fundamentally a vital process, in which the 
academic content is not very relevant and is exclusively used as a vital maturation process. 
 
To analyze the training processes, two factors must be studied fundamentally: 
 

- Adaptation of the training processes to the technical-social situation 
- Economic quantification of the value of the training provided to the student 

 
 
Regarding the first criterion, adaptation of the training processes to the technical-social situation, it is 
important to point out that in the training of civil engineering in the 21st century, social factors are very 
important. 
 
The operating models developed by the administration require quantifying substantially social 
problems such as the sustainability of a project, adaptation to climate change and even the gender 
factors that are so significant in Western countries. 
 
Many of these criteria are poorly defined, are poorly quantified and are not accepted in some societies 
outside the Western environment. 
On the other hand, for the students their training processes are an investment that they hope to be 
able to make profitable in their future professional activity. 
 
Therefore, the training has to change, it has to separate the human factors that many students look for 
during their university stay from the technical factors that the training provides. 
 
The training process has to allow quantification in an objective and independent way. 
 
Western countries are losing their leadership in many technological areas and the only way to provide 
students with high added value in the training process is to adapt it to the changing situation that is 
occurring today. 
 

 
 
 
 



2. METODOLOGY 
 
For the implementation of a new training program in Civil Engineering we have been proposing 
different approaches. 
 
Professional activity in engineering is changing very fast. Before an engineer had a specialty and 
developed his professional activity in that activity, now the integration of the different work areas is 
forcing the creation of technicians who are capable of collaborating efficiently with other specialties. 
 
The two references we are using are “42 School” [2] in Spain, generically called “Campus 42”[3]. This 
educational model has been developed by the French investor Xavier Niel.This model is being 
developed worldwide and the most important characteristics are flexibility and free training. It is being 
implemented in Spain by the Telefónica company and has centers in several cities.  
This model is aimed at training in Communications and Information Technologies.  
 
It is a training very oriented to professional adaptation and does not require prior formal training.  
The other reference model is the Minerva University[4]. This center develops a training of a university 
nature but in a much more flexible way and aimed at collaboration between teachers and students.  
 
They carry out bachelor's and master's degree activities but with a very small number of degrees and 
aimed at training and integration in both social and economic reality. 
 
This type of model is interesting because compared to teaching models based on a highly 
differentiated training offer from training programs, which does not always respond to the expectations 
offered in the documentation; These models are highly oriented to the development of both technical 
and social skills. 
 
In the educational innovation plan of the UPM we are developing a project entitled "Design and 
Participation in Engineering" to integrate different professional activities in the development of 
projects. Figure 1 shows an example of the surveys used to find out the interests of both students and 
teachers, in order to be able to adapt the teaching to the needs of the students. 
 

 
 
Figure 1: Model of surveys conducted with students and teachers as part of the educational innovation 

project Design and participation in the economy, to collect their preferences. 



The fundamental idea is that a professional area such as Civil Engineering today must include many 
elements that are typical of other technological areas, in particular the areas of communications and 
electronics. 
 
On the other hand, society and the administration, insofar as it represents society, requires the 
incorporation of social factors in the design of projects[5] . 
 
 
In this work we are studying three guidelines: 
 

- UN Millennium Goals[6] 
- Employment Skills in Engineering from the World Economic Forum[7] 
- “Next Generation” Program of the European Union[8] 

 
The line of the millennium objectives is developed and expands with the incorporation of the SDGs in 
a systematic way in the quantification of projects. 
 
In relation to skills for employment, we are incorporating the criteria indicated by the World Economic 
Forum: 
 

- General Knowledge and Models in Engineering 
- Use of Operational Tools (equipment and instruments) 
- Management of Technological Systems (Sensors, Communications and Control) 
- Interdisciplinary Team Management 
- Creativity and Innovation in Engineering 
- Critical Analysis and Operational Flexibility 
- Tools for Economic Management 
- Management of Indicators (example SDG) 
- People Coordination and Conflict Management 

 
 
Finally, the European Union is promoting a series of lines of work presented in the “Next Generation” 
program[8]. 
 
These elements must provide the means to guide the activities, but the fundamental factor is the 
perception that the students, throughout their professional lives, value the contents that are being 
offered in the training processes. 
 
At this moment we are trying to quantify the objective value of the different content and training skills 
provided to students[9]. 
 
The work areas that we have analyzed are the following: 
 

- Vehicle Motorization 
- Autonomous Driving 
- Light transport and use of drones 
- Sustainable Materials in Construction 
- Engineering developed for communication platforms 

- Sensorization and Control of Infrastructures 
- Infrastructure Management based on A.I. 

 

 
 
 
3. RESULTS 
 
To analyze the different elements in the training process we have prepared a series of surveys that 
assess the different training areas. 
 



We have selected 9 areas and we have prepared two types of surveys, on the one hand one aimed at 
a general assessment of the interest that the different activities arouse and on the other the 
percentage quantification of these activities. 
Two surveys that we have prepared are the following: 
 
 
The results obtained up to the writing of this text have been disappointing. 
 
On the one hand, the teaching staff and the university administration itself, in Spain, is very 
conservative. The assessment systems developed by the Spanish administration are very rigid and 
are not aimed at introducing new experiences. 
 
ANECA (Agencia Nacional de Evaluación de la Calidad y Acreditación) works with formalized criteria 
so that the development of innovative experiences is not being promoted and it is the smaller training 
centers and in many cases developed as startups that carry out this type of activity , like for example, 
the Minerva University. 
 
On the other hand, the students fundamentally seek in the training processes that we have developed 
in our center a professional accreditation or, in other words, a qualification that is qualified for 
professional performance. 
 
The students are more concerned about the academic ratios than the training content.With this 
attitude, students are not usually highly motivated in the discussion of training content, assuming of 
course that the content is determined by the regulatory frameworks that enable them for professional 
activity. 

 
 

4. CONCLUSIONS 
 
Civil Engineering, and in general all STEM in the future, must be more open in the training procedures, 
both in the flexibility of the content offered and in the creation of work networks that allow improving 
the level of the activities developed . On the other hand, they should be more oriented to the 
econometric quantification of the activities they develop so that users have good indicators of the 
effort-results relationship. 
 
The introduction of quantifiable factors during the training process, and later during the professional 
life of the graduates should be a fundamental mechanism to assess the efficiency of the training 
process that is being developed. 
 
The econometric criteria must be incorporated together with the indicators of adaptation of the 
contents to the social and professional reality where they are working. 
 
The training processes have to incorporate, at least in the training of STEM areas, quantifiers similar 
to those developed for the production of goods and services. 
 
Motivation is one of the fundamental elements, both among students and teachers, and it is only 
possible if these results can be assessed. 
 
Training is always a costly process, even if there are no educational expenses for students because 
society through different mechanisms covers the costs. Training is expensive because the time 
devoted to training processes is very valuable and therefore requires the best possible use 
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