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Abstract 

Involving students in collaborative projects and experiential learning helps develop transversal skills that, with passive 

learning, do not usually have specific training or reinforcement. Additionally, certain transversal skills such as the ability 

to communicate and coordinate in interdisciplinary work groups are essential for our graduates in their professional 

activity. 

The project consisted of a simulation of a real work environment in which a multidisciplinary team, made up of 

students from two different subjects of different degrees, must coordinate their efforts to propose a coherent solution to a 

problem. This project aims to reinforce the skills and competencies necessary both for the development of the rest of the 

subjects and for the subsequent exercise of the profession. These skills require reinforcement not only from the teacher 

but also from the classmates themselves, who would be competitors, students and the jury at the same time when assessing 

the results of the rest of the students.  

The problem to be solved focused on a proposal related to the supply of energy for a hypothetical agricultural industry, 

where agricultural engineering students carried out a design project for an electrical installation and the building students 

participated in the project by conducting an energy audit. 

Through collaborative work, it has been seen that students show a total willingness to work with students of other 

degrees and that the learning process improves since there is a greater interaction of skills and knowledge, which gives 

them an interdisciplinary vision of what it would perform a real job. 

Despite the difficult situation motivated by COVID pandemic, the project was successful and in total 25 students 

participated demonstrating that cooperative learning improves transversal skills. 
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1. Introduction 

In an increasingly interdependent world, teamwork skills are especially important. These skills allow them to 

collaborate with professionals from different disciplines (Navarro Soria, I. et al., 2015).  With traditional teaching 

methods, students often do not achieve satisfactory results in their subjects due to deficiencies in transversal skills. 

Although the latter in theory are present within each subject, they generally do not have specific reinforcement. The 

training of the agricultural engineer requires more and more multidisciplinary and the acquisition of transversal 

competences that help them in their working life and in the interaction with the rural environment. This work addresses 

the acquisition of knowledge by working in multidisciplinary teams in which the student is an active part of learning. 

The Project has been carried out by forming small interdisciplinary groups of four or five people and taking into 

account different active learning methods, such as the cooperative and collaborative learning method and project-based 

learning, in order to enhance the transversal competences of the students. 

 

1.1. Cooperative Learning 

 

Cooperative learning is a learning method based on student teamwork, according to the definition provided by the 

UPM Educational Innovation Service (2008), in which students work at the same time to achieve certain common learning 

objectives those responsible for all members of the group. 

In this sense, there are two learning methods that are often used synonymously: cooperative learning and collaborative 

learning. Although authors like Zañartu (2000) o Panitz (1999), make a difference between the two terms in the degree 

of structure of the task and of the interactions between the students. Thus, cooperative learning needs more structuring 

and control by the teacher, while collaborative learning requires more autonomy from the work group, and they maintain 

almost complete control over the structure of interactions and the results to be obtained.  
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The meta-analysis carried out on the effects of Cooperative Learning (Goikoetxea, Pascual 2002), concludes that 

cooperative learning methods have positive effects on academic performance and on other variables such as productivity 

and attitudes towards learning compared to other traditional methods. Likewise, it allows the teacher to raise the 

performance of all his students, both those who are especially gifted and those who have learning difficulties. It also helps 

to establish positive relationships among students, thus laying the foundations of a learning community in which diversity 

is valued and, in addition, it provides students with experiences for better social, psychological and cognitive development 

(Johnson, Johnson et al., 1999). 

 

When students cooperate, they work toward shared goals (Deutsch, 1962; Johnson & Johnson, 1989). For the 

application of these methods in which they work as a team, the number of members is a very relevant aspect, since the 

smaller the groups, the greater the effort and involvement. David W. Johnson et al., (1997), state that students work 

together in small groups to ensure that all members of the group meet the pre-established criteria. In this way, positive 

interdependence is worked on, in which students encourage and facilitate each one's efforts to learn. In addition, it 

improves interpersonal relationships and social skills, individual responsibility and group processing (Johnson & Johnson, 

1989). However, in many universities traditional teaching still dominates, combining competitive and individualistic 

practices such as class dictation and assessment based on the learning curve. Therefore, understanding cooperative 

learning requires differentiating it from competitive and individual learning (David W. Johnson et al., 1997). According 

to Johnson, Johnson, & Smith, 1991, any activity in any subject, in any type of curriculum, can be structured competitively 

or individually, or cooperatively. 

 

Previous studies (David W. Johnson et al., 1997) establish that cooperative groups are perhaps the most effective tool 

that universities have to instill the desired attitudes in students. Numerous studies have found that students strive to 

maximize their learning and that of their peers in the group and achieve the goals of the project or activity they undertake. 

 

1.2. Challenge Based Learning (CBL) 

 

According to the Challenge-Based Learning Guide, published by the UPM Educational Innovation Service (July 

2020), the main precursors of CBL are Problem-Based Learning and Project-Oriented Learning, active methodologies in 

which Student teams participate to develop a project or solve a diagnostic, design or research problem. In this way, they 

define Challenge-Based Learning as an active learning approach that seeks the comprehensive development of specific 

competencies and transversal skills, through a collaborative process in which applied and multidisciplinary knowledge is 

generated among equals (Educational Innovation Service of the UPM (July 2020)). 

In the Guide, they continue to say that the successful development of this method will depend on the instructional 

design, which will be more complex if the CBL experience covers more than one subject and more when it comes to a 

coordinated action that affects several departments, degrees or centers. 

 

1.3. Project Based Learning (PBL) 

 

Project-based learning is a learning model in which students plan, implement, and evaluate projects that have real-

world application beyond the classroom (Blank, 1997; Dickinson, et al, 1998; Harwell, 1997). According to (Alptekin, 

DeTurris et al. 2005), Project Based Learning has become a favorable pedagogical model for teaching in engineering 

programs, in which students work in groups to solve open problems. The pedagogical strategy is complemented by 

bringing industrial projects to the classroom to offer the most authentic experience possible. The tendency is also to carry 

out these projects in an interdisciplinary way, with the collaboration of other engineering departments or departments. 

For the application of the PBL, learning activities of different disciplines are carried out, which involve the situation 

to be solved, the formulation of the desired learning objective, the planning of activities to achieve the objective and the 

analysis and presentation of the results obtained (M. Orozco and A. Tovar 2015). 

 

1.4. Transversal competences 

 

The transversal competences are those aptitudes and abilities that are used for all professions and that make us effective 

in the development of professional activities, since for a good performance it is necessary to find the balance and put into 

practice knowledge, experience, values and personality. The role of teachers is to accompany students towards 

autonomous learning, motivating them to work autonomously. Students take an active role, work as a team, seek 
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information and plan work, making their own decisions, integrating knowledge and developing diverse skills (Vilà Baños, 

Rubio Hurtado et al. 2014). 

The aim of the project is to reinforce the skills and competencies necessary for learning such useful subjects in the 

subsequent exercise of the profession. The worked skills are: 

CT1: Oral and written communication 

CT2: Analysis / synthesis and critical reasoning 

CT5: Respect for the environment: Promotion of the inclusion of the SDGs 

CT6: Organization and planning 

CT8: Teamwork 

CT10: Leadership and decision making 

CT12: Creativity 

2. Materials and Methods  

2.1. Subjects and students 

 

The proposal includes carrying out of projects in groups of students from different subjects and degrees taught at the 

Technical School for Agriculture, Food and Biosystems (ETSIAAB) and the Technical School for Building (ETSIE) at 

the UPM. The project integrated teams of two subjects, which carried out the analysis of a problem and the proposal of a 

solution, understanding the knowledge of the two subjects involved. One of the subjects, related to the calculation of low 

voltage electrical installations, belonging to the Degree in Agricultural Engineering of the ETSIAAB (6 students) and the 

other, related to auditing issues, belonging to the double degree in Building and Business Administration at ETSIE (19 

students), which gives it an interdisciplinary character. The approach consisted of a real simulation that involved several 

disciplines and was carried out in small groups of 3 and 4 students. 

To perform the project, the syllabi of each of the subjects were analyzed looking for common points of interest that 

could be developed in group projects. The "Low Voltage Installations" course seeks for the student to acquire the skills 

and knowledge necessary to develop and carry out the design of electrical installation projects in rural areas. On its behalf, 

the syllabus of the subject "Introduction to auditing" covers the typologies, auditing objectives and their application in 

the financial field, especially. Therefore, focusing on the different types of audits and energy saving and efficiency, it was 

proposed to carry out an energy audit of an industry in the agricultural sector, thus combining the knowledge of the two 

subjects involved in the study. 

In this way, the projects integrated teams of students from the two subjects, where the agricultural engineering students 

carried out a design project for an electrical installation and, on the other hand, the building students participated in the 

project by conducting an energy audit. Finally, the students' evaluation was based on the structure of the energy audit and 

on the design of the electrical project and the degree of integration between them. 

It should be noted that the project has been developed in the midst of a health crisis caused by COVID-19, which has 

caused some changes in the initially proposed methodology and in the implementation of the project, limiting its 

development to the online modality and the use of ICT. 

 

2.2. Methodology 

 

First, students were asked to carry out a collaborative project that they must develop throughout the semester, in which 

they applied the knowledge acquired in the subject. Subsequently, a survey was carried out to find out their opinion about 

the innovation projects and the degree of implementation in their degrees. Next, interdisciplinary groups were formed and 

they get in touch so that they could work as a team and solve the problem posed. Each working group planned, searched 

for information, organized and prepared the report with the solution adopted and presented the results in writing to be 

evaluated. 

The evaluation of the impact of the project was carried out through anonymous surveys, in which the influence and 

degree of usefulness that innovation projects have on students and in the respective grades is verified. The first was done 

before the students began to interact. The second and third were carried out during the project, once they began to work 

together, with the aim of knowing their experience when carrying out the project. Finally, once the project was completed, 

the initial survey was repeated to contrast and compare the results at the beginning and at the end of the experience and 

thus be able to determine if the active work method has helped the students' learning. The survey was answered by 

evaluating from 0 to 10, where 0 does not agree at all or very little and 10 is totally in agreement or very much. In addition, 

a question was freely answered in which the students were able to express their comments about their satisfaction with 

the experience. 
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Table 1. Initial survey to know the students’ expectations. 

INITIAL SURVEY QUESTIONS ANSWERS 

1. Do you have a precise idea of what educational innovation projects are? ______ (0-10) 

2. Do you think that the educational innovation that is applied improves the teaching process? ______ (0-10) 

3. How do you value the elements of innovation applied to your degree program? ______ (0-10) 

4. In how many innovation projects have you participated in some way? ______ (0-10) 

5. In relation to your degree program, do you know many students from other degree programs? ______ (0-10) 

6. Do you think that the interaction with other degrees is useful to your training? ______ (0-10) 

7. Being the subject of the last courses, how do you value the multidisciplinary in it? ______ (0-10) 

8. Indicate how do you think that the diversity of profiles in a group affects the formation of the students? ______ (0-10) 

9. Indicate the grade of interest in the subject within your degree. ______ (0-10) 

10. Evaluate the expectations that generate the implementation of an innovation project in the subject. ______ (0-10) 

11. Value the team working as part of the learning process. ______ (0-10) 

12. Values the magisterial classes as part of the training. ______ (0-10) 

 

Table 2. Final survey of the educational innovation project. 

FINAL SURVEY QUESTIONS  ANSWERS 

1. How much has your knowledge of what educational innovation projects are improved? ______ (0-10) 

2. Taking into account the limitations of the situation, do you think that educational innovation improves 

the teaching process? 

______ (0-10) 

3. How do you value the elements of innovation used in your degree program? ______ (0-10) 

4. Do you feel motivated to participate in other innovation projects? ______ (0-10) 

5. Has your participation in the project allowed you to meet students from other degrees? ______ (0-10) 

6. Do you think that the interaction with other degrees is useful to your training? ______ (0-10) 

7. After the experience of the project, how do you value the pluridisciplinarity? ______ (0-10) 

8. Indicate how you think the diversity of profiles in a group affects the training. ______ (0-10) 

9. Indicate the grade of interest in the subject within your degree. ______ (0-10) 

10. Rate the degree of positive experiences that the project has given you. ______ (0-10) 

11. Value the team work as part of the learning process. ______ (0-10) 

12. Value the magisterial classes as part of the training. ______ (0-10) 

 

Table 3. Intermediate survey to evaluate the motivation of the students throughout the experience, before the teams were created. 

PRE-GROUP SURVEY QUESTIONS ANSWERS 

1. What is your assessment of the degree with which you will have to collaborate? ______ (0-10) 

2. Do you know the field of work of the other degree? ______ (0-10) 

3. How likely are you to collaborate with someone from the other degree program in a future job? ______ (0-10) 

4. What are your expectations regarding the job, what do you expect from this interaction?   

 

Table 4. Intermediate survey to evaluate the motivation of the students throughout the experience, after the interaction by teams  

POST-GROUP SURVEY QUESTIONS ANSWERS 

1. What is your assessment of the degree with which you have collaborated? ______ (0-10) 
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2. What did you think of the other degree's scope of work? ______ (0-10) 

3. Once you have finished the cooperative work, assess the probability of collaboration with someone from 

the other degree in a future job. 

______ (0-10) 

4. Were your expectations for the job met? ______ (0-10) 

5. Has the interaction with students from the other degree program been as you expected? ______ (0-10) 

 

The project seeks that students get involved in their own learning and expand the range of possibilities of what can be 

found in a future job. For the development of the project, the use of ICT has been essential for the search for information, 

the preparation of documents and communication between the members of the groups, since it was not possible to hold 

face-to-face meetings. 

3. Results and Discussion 

The questions of the first and final surveys, were formulated in such a way that results can be obtained in terms of 

students' knowledge about educational innovation projects and their participation in them (question 1 to question 4). With 

questions 5 and 6 we seek to know the opinion about the usefulness when interacting with other degrees students. With 

question 10 it is intended to know what expectations the application of an innovation project generates in the subjects. It 

also asked how they value group work (question 11) and lectures (question 12) and, finally, the importance that students 

give to multidisciplinary (question 7) and the diversity of profiles (question 8) in their training professional. The average 

of the answers given to the questions at the beginning and at the end of the experience is shown in Figure 1. 

 

Figure 1. Average of students' survey answers at the beginning and at the end of the project. 

 

About 58% of the questions had a lower rating at the end of the experience. This is mainly due to the circumstances 

in which the project was developed due to the health crisis that we are going through due to COVID-19, to the workload 

of the students, which did not allow them to dedicate much time to the development of the project and especially the 

difficulties for the interaction between the groups. However, after the end of the project, aspects such as knowledge of 

what are the innovation projects and cooperative groups (question 1) and the motivation to participate in other projects 

(question 4) had a better evaluation. The opportunity to meet and collaborate with students of other degrees was also 

valued positively (question 5). 
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Figure 2. Average of student responses per question and subject, from the initial and final surveys of the project. 

 

 

 

 

Figure 3. Average of student responses per question and subject from the project's intermediate surveys. 

 

 

Analyzing the students’ answers of the two subjects separately, it should be noted that in both the assessment regarding 

participation in an innovation project has been low, at least 40% of the students have not participated in any project of 

this type. This, linked to the responses obtained regarding the students' assessment of the innovation elements applied to 

their degree, which have an average that varies between 5 and 6 points out of 10, indicates that active learning methods 

are not integrated into largely in universities. 

Comparing the assessment of the students of the master classes as part of the training with the group work, in the first 

survey group work received a higher score compared to the master classes, but in the second survey, although this was 

maintained trend, the score was lower than at the beginning. This may be due to the limitations set by the pandemic and 

the lack of knowledge between the degrees. Since, although the contents of the subjects had points in common, it was 

difficult for the students to channel the objectives of the project. 

In the intermediate questionnaires, open questions were asked, which were analyzed in order to provide additional 

qualitative information to complement the numerical results obtained. Thanks to this, it is possible to understand the 

reason for the negative variation of the expectations that the students had at the beginning and at the end of the project. 

In most cases, the initial expectations were not met due to the lack of time to prepare the work well and the incompatibility 

of schedules, since they were expected that the problem to be solved had a direct application of the concepts studied and 

the project went further , since the objective was to work in a multidisciplinary environment in which it was necessary to 

adapt to the circumstances of a possible job, where you have to collaborate with different profiles of professionals and 
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work in a group, to find an optimal solution to a problem real . 

Upon completion of the collaborative project, most students believe that collaboration in future work is highly likely, 

based on the results of question 3 of Figure 3. In question 4 (Figure 4), knowledge of the scope of the work between 

degrees, the average rose almost two points compared to the beginning of the project. 

 

4. Conclusions 

The interdisciplinary nature of the project outstands since it has involved students from two rather different subjects 

and degrees. Developing this project helped students to learn more about other degrees, broaden their points of view for 

a future job, and be aware of the multidisciplinary nature that they will found in their professional career. In addition, 

starting from a real approach, helped the students to increase their motivation to collaborate in the Project and also allowed 

them see the practical application of what they had studied in the subjects. 

The study has been developed in an exceptional situation, so it is worth noting the additional effort that the students 

had to make to carry out the project. There have been several limitations, on the one hand, pandemic fatigue and, on the 

other, lack of knowledge between degrees, which has made the relationship between the different groups of students 

somewhat difficult. Organization, teamwork, oral and written communication and the use of ICT have been fundamental 

since the project could not be developed face-to-face. 

Despite the number of students who participated in the study is not very large and that the analysis of the results is 

solely based on their perception, the results of the project coincide with previous research that maintains that active 

teaching methodologies imply more demand activity and autonomy to students. 

The project also allowed students to have a better understanding of how other faculties work and what is the scope of 

professional development of the different engineering degrees. In addition, distance interaction with other students who 

did not know, participation, the ability to form and debate opinions, oral expression, critical spirit and teamwork were 

encouraged. In short, the application of this type of projects exercises social skills, gives them autonomy and prepares 

them so that they are capable of solving any challenge or problem that may be encountered in a future professional 

position. Collaborative Learning, Challenge-Based Learning and Project-Oriented Learning are the ones that have the 

greatest effectiveness in the formation of competencies. 

Due to the limitations, some lines of study arise, repeating this experience in successive academic courses and 

interacting with degrees that can complement the knowledge acquired in the different subjects, with the aim of obtaining 

data that provide greater solidity to the results. In addition, it would be convenient to open fronts for joint collaboration 

with other research groups and other areas of knowledge, in order to ratify the transferability of the teaching experience 

to other subjects and disciplines. 

 

Acknowledgements 

The project was funded thanks to the UPM Innovation program course 2019-20 extended to 2020-21. Project number 

IE1920.2004, IE1920.2004-P 

 

 

References 

Journal articles: 

Alptekin, S.E., Deturris, D., Macy, D.J. and Ervin, J.E., 2005. Development of a flying eye: A project-based learning 

experience. Journal of Manufacturing Systems, 24(3), pp. 226-236. https://doi.org/10.1016/S0278-6125(06)80012-9 

 

Blank, W. (1997). Authentic instruction. In W.E. Blank y S. Harwell (Eds.), Promising practices for connecting high 

school to the real world (pp. 15–21). Tampa, FL: University of South Florida. (ERIC Document Reproduction Service 

No. ED407586). 

 

David W. Johnson, Roger T. Johnson, and Karl A. Smith, 1997. Universidad de Minesota. 60 Peik Hall. 159 Pillsbury 

Drive, S.E. Minneapolis, Minnesota 55455. Mayo de 1997; revisado en septiembre de 1997. 

https://studylib.es/doc/6435716/el-aprendizaje-cooperativo-regresa-a-la-universidad 

 

Deutsch, M. (1962). Cooperation and trust: Some theoretical notes. In M. R. Jones (Ed.), Nebraska symposium on 

motivation (pp. 275-319). Lincoln, NE: University of Nebraska Press. 

 

Goikoetxea, E. and Pascual, G., 2002. Aprendizaje Cooperativo: Bases teóricas y hallazgos empíricos que explican 

su eficacia. Educación XX1, 5(1), pp. 227-247. http://hdl.handle.net/11162/24046 

https://doi.org/10.1016/S0278-6125(06)80012-9
https://studylib.es/doc/6435716/el-aprendizaje-cooperativo-regresa-a-la-universidad
http://hdl.handle.net/11162/24046


 July 4–8, 2021, Évora, Portugal 

 

∙ 8 ∙ 

 

Johnson, D. W., & Johnson, R., 1989. Cooperation and competition: Theory and research. Edina, MN: Interaction 

Book Company. 

 

Johnson, D.W., Johnson, R.T., & Smith, K.A. ,1991. Active learning: Cooperation in the college classroom. Edina, 

MN: Interaction. DOI:10.5926/arepj1962.47.0_29 

 

JOHNSON, D.W., JOHNSON, R.T. and HOLUBEC, E.J., 1999. El aprendizaje cooperativo en el aula. 

https://www.researchgate.net/publication/265567256_El_aprendizaje_cooperativo_en_el_aula 

 

M.Orozco and A.Tovar, 2015. Universidad Autónoma de Nayarit Ciudad de la Cultura Amado Nervo Boulevard Tepic-

Xalisco S/N C.P. 63190 Tepic, Nayarit. México. J. Peña, M. Moctezuma, (eds.). Ciencias de la Docencia 

Universitaria.Proceedings-©ECORFAN-México, Nayarit, 2015.  

 

Navarro Soria, Ignasi; González Gómez, Carlota; López Monsalve, Begoña; Botella Pérez, Paula, 2015. Aprendizaje 

de contenidos académicos y desarrollo de competencias profesionales mediante prácticas didácticas centradas en el 

trabajo cooperativo y relaciones multidisciplinares. Revista de Investigación Educativa, 33(1), 99-117. DOI: 

https://doi.org/10.6018/rie.33.1.183971  

 

Panitz, T., 1999. Collaborative versus Cooperative Learning: A Comparison of the Two Concepts Which Will Help Us 

Understand the Underlying Nature of Interactive Learning. For full text: http://www.capecod.net/~TPanitz/Tedspage. 

 

Vilà Baños, R., Rubio Hurtado, M.J. and Berlanga, V., 2014. La investigación formativa a través del aprendizaje 

orientado a proyectos: una propuesta de innovación en el grado de pedagogía. RECERCAT (Dipòsit de la Recerca de 

Catalunya). http://hdl.handle.net/2072/330936 

 

Zañartu Correa, M. L. (2000): “Aprendizaje colaborativo: una nueva forma de diálogo interpersonal en red”, en 

Revista digital de educación y nuevas tecnologías. Contexto Educativo, V-28. 

  

Web pages: 

Servicio de Innovación Educativa de la UPM (2008). Aprendizaje Orientado a Proyectos. Madrid: Universidad 

Politécnica de Madrid. Recuperado en: 

https://innovacioneducativa.upm.es/sites/default/files/guias/AP_PROYECTOS.pdf 

 

Servicio de Innovación Educativa de la UPM (2008). Aprendizaje Cooperativo. Madrid: Universidad Politécnica de 

Madrid. Recuperado en: https://innovacioneducativa.upm.es/sites/default/files/guias/Aprendizaje_cooperativo.pdf 

 

Servicio de Innovación Educativa de la UPM (Julio 2020). Guía de Design Thinking. Madrid: Universidad Politécnica 

de Madrid. Recuperado en: https://innovacioneducativa.upm.es/sites/default/files/guias/Guia-DesignThinKing.pdf 

 

Servicio de Innovación Educativa de la UPM (Julio 2020). Guía de Aprendizaje Basado en Retos. Madrid: Universidad 

Politécnica de Madrid. Recuperado en: https://innovacioneducativa.upm.es/sites/default/files/guias/GUIA-ABR.pdf 

 

 

http://dx.doi.org/10.5926/arepj1962.47.0_29
https://www.researchgate.net/publication/265567256_El_aprendizaje_cooperativo_en_el_aula
https://doi.org/10.6018/rie.33.1.183971
http://www.capecod.net/~TPanitz/Tedspage
http://hdl.handle.net/2072/330936
https://innovacioneducativa.upm.es/sites/default/files/guias/AP_PROYECTOS.pdf
https://innovacioneducativa.upm.es/sites/default/files/guias/Aprendizaje_cooperativo.pdf
https://innovacioneducativa.upm.es/sites/default/files/guias/Guia-DesignThinKing.pdf
https://innovacioneducativa.upm.es/sites/default/files/guias/GUIA-ABR.pdf

