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Abstract 
The TECSKILL project (Erasmus+ KA220-HED) addresses the need to integrate 
sustainability and digital competences into the education of European Engineering PhD 
students. By adapting competences from the GreenComp and DigComp 2.2 frameworks, 
an integrated framework was developed, encompassing 12 sustainability and 21 digital 
competences. To monitor the learning progress, 137 knowledge indicators were defined 
across four proficiency levels, ensuring a structured assessment of skill acquisition. 

The framework was implemented through four transnational training programs at 
universities in Spain, Italy, Portugal, and Sweden, providing PhD students with 
specialized lectures and hands-on workshops. A mid-term survey assessing student 
satisfaction confirmed the program’s effectiveness in enhancing competences and 
fostering international collaboration. Future research activities will focus on evaluating 
competence acquisition over the whole project, assessing the impact of the trainings on 
students' research and professional development, and optimizing the developed 
competence framework based on the final outcomes. 

Keywords: Green competences, Digital competences, Engineering, PhD Students, 
Innovative teaching, competence assessment 

1. Introduction

The European Union is actively addressing the evolving challenges of digitalization and 
sustainability, prioritizing the adaptation and enhancement of its education systems to support 
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this transition  (Reisoğlu & Çebi, 2020). To achieve this, structured competence frameworks 
have been established, incorporating descriptors reflecting relevant knowledge, skills, and 
abilities (Sánchez-Tarazaga, 2023). These frameworks are a valuable tool for defining effective 
educational strategies as they enable the creation of training programs aligned with the real 
needs of society. Specifically, the GreenComp (Bianchi et al., 2022) and DigComp 2.2 
(Vuorikari et al., 2022) competence frameworks, developed by the Joint Research Centre of the 
European Commission provide a reference framework to support the development of training 
programs aimed at strengthening sustainability and digital competences. On the one hand, 
GreenComp falls within the actions of the European Green Deal (European Commission, 2019), 
identifying competences that form a structured learning framework for environmental 
sustainability. The framework consists of four core competence areas: “embodying 
sustainability values”, “embracing complexity in sustainability”, “envisioning sustainable 
futures” and “acting for sustainability”. Moreover, each area encompasses three interrelated 
competences. Conversely, DigComp 2.2, aligns with the objectives of the Digital Education 
Action Plan 2021-2027 (European Commission, 2020), identifying critical digital competences 
and providing a standardized framework to support the digital transformation of European 
citizens. This framework consists of 21 specific digital competences, grouped into 5 areas: 
“problem-solving”, “information and data literacy”, “communication and collaboration”, 
“digital content creation” and “safety”. 

In recent years, numerous studies have been conducted on different competence frameworks 
and their application in higher education (Mezinska et al., 2024). Rózewski et al. (2021) have 
compared the digital competence framework DigComp 2.1 with a competence framework 
developed through international projects for engineering education. Zhao et al. (2021) have 
conducted a literature review of current research on digital competence in higher education, 
concluding that most frameworks and strategies are heavily influenced by European Union 
policies and information. Additionally, in their study, Valor et al. (2020) have identified seven 
key competences for sustainable consumption that should be included in higher education 
curricula. Other authors, such as Lambrechts et al. (2013), have evaluated the integration of 
sustainability competences in two undergraduate programs, highlighting the importance of 
conducting appropriate analyses to correctly include the relevant competences.  

Engineering is a sector in which digital and sustainable competences play a major role. Higher 
education programmes, particularly at doctoral level, must ensure a solid foundation and 
comprehensive training in these areas to provide future professionals and researchers in the field 
with the necessary skills. While the development of educational curricula on bachelors’ and 
masters’ levels has been focusing on sustainability and digitalization for several years now, also 
according to ACM/IEEE/AAAI guidelines (Servin and Becker, 2023), no precedent can be 
found on the implementation of such competence frameworks in engineering doctoral programs. 
To fill this gap, the TECSKILL project (Erasmus + KA220-HED) aims to develop a 
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comprehensive competence framework tailored to engineering PhD students to support and 
enhance their education and meet the needs of digitization and sustainability in Europe. 

The paper is structured as follows. Section 2 presents the methods adopted to develop the 
competence framework in the context of the TECSKILL project. Moreover, it introduces the 
survey used to assess the satisfaction and opinions of the PhD students currently attending the 
training programs. Section 3 features the competence framework resulting from the combination 
of significant green and digital frameworks, as well as the feedback obtained through the survey. 
These preliminary opinions, as the training programs are still ongoing, are relevant to assess 
whether project objectives have been clearly communicated, the organization was adequate, and 
the learning activities were appropriately defined and executed. Finally, concluding remarks and 
future activities are presented in Section 4. 

2. Methodology

2.1. Framework development 

The development of the green and digital competence framework for Engineering PhD students 
involved researchers and professors from four European universities: University of Gävle 
(Sweden), University of Évora (Portugal), University of Parma (Italy) and University of 
Extremadura (Spain). First, to get an overview of key sustainability and digitalization goals, the 
participants evaluated the competences described in GreenComp and DigComp 2.2 frameworks. 
Then, these competences were adapted for Engineering PhD students following a three-phase 
approach: i) redefining the competence, ii) maintaining the scope of action, and iii) defining a 
new objective to be achieved after the acquisition of the competence.  

Moreover, knowledge indicators reflecting the key skills to be acquired were defined for each 
competence. To track the learning outcomes and progress of the PhD students throughout the 
project, four levels were identified for each knowledge indicator, namely “A – basic”, “B – 
intermediate”, “C – advanced” and “D – expert”. For each knowledge indicator, the levels 
corresponded to indicative sets of skills that the student should possess. Finally, a panel of 
external experts was set up to determine the suitability of the developed competence framework. 

2.2. First training programs and students’ survey 

In the context of TECSKILL, the developed competence framework was adopted to design four 
transnational training programs. Each mobility consisted of ten days of lectures and workshops, 
where professors and researchers presented relevant and timely topics to the class, consisting of 
international PhD students, with a maximum of five participants for each university. The 
students came from different areas of industrial engineering: mechanical, management, 
chemical, mechatronics. To address this multidisciplinary audience and provide the main green 
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and digital skills identified, the lectures covered topics related to the following macro-areas, 
among others: i) applications of simulation and artificial intelligence for the monitoring, 
predictive maintenance and control of industrial plants; ii) concepts of automation, data 
acquisition and IoT; iii) project management and intellectual property; iv) sustainability, LCA, 
green logistics, material science and packaging. Students’ progress was periodically tracked 
with the knowledge indicators. This allowed to directly assess the efficacy of the competence 
framework in supporting learning in higher education 

After the third training program held in Parma (Italy) in January 2025, the doctoral students 
underwent a mid-term satisfaction survey. The survey consisted of 23 questions, designed to 
assess on a scale from 1 (completely disagree) to 4 (completely agree) the results of the training 
programs in terms of organization, clarity of communication of the project and teaching 
objectives, relevance of the activities for the research career, and general satisfaction with the 
training programs. As the project is still ongoing, should potentially problematic aspects 
emerge, student feedback could be used to make appropriate adjustments. 

3. Results

3.1. Green and digital competence framework 

The 12 competences proposed by the GreenComp framework were maintained and adapted for 
PhD students (Figure 1). For instance, the green competence “Promoting nature” aims to help 
students recognise that human beings are part of nature, encouraging them to respect the 
environment and all its inhabitants and restore ecosystems. 

Figure 1. Green competences for Engineering PhD students. 
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Figure 2. Digital competences for Engineering PhD students. 

This competence was adapted to engineering PhD students to encourage them to assess the 
impact on the ecosystem of the various actions taken during their research career, and lead them 
to make sustainable and environmentally-conscious decisions. Regarding the digital skills, the 
21 digital competences of DigComp 2.2 framework were maintained and adapted (Figure 2). 

To specify the necessary knowledge and skills for each competence, a total of 137 knowledge 
indicators were established. 89 of these indicators were related to digital competences, and 48 
to the green ones. Taking green competence “Valuing sustainability” as an example, this has the 
knowledge indicators: “Understand the concepts and values of sustainability in engineering 
research”, “Know how to align the values and objectives of a project with sustainability values”, 
“Evaluate the sustainability of engineering research projects”, “Analyze and select the best 
strategy or course of action to improve research sustainability”. Within each knowledge 
indicator, four levels of progress were defined, with A being the basic level, B the intermediate 
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level, C the advanced level and D the expert level. Figure 3 shows the levels of progress of the 
previously mentioned indicator. All competences and indicators were reviewed by external 
experts, obtaining positive feedback on most of them. When needed, the appropriate corrections 
were made according to the experts’ suggestions.  

Figure 3. Levels of progress of a knowledge indicator of the “Valuing sustainability” competence. 

3.2. Student satisfaction and opinions 

The results of the students’ survey, based on 15 answers, are shown in Figure 4. Overall, the 
feedback was very positive, a sign that the project was communicated effectively to the students. 
The training programs resulted effective in enhancing the students’ green and digital skills, 
resulting relevant to the academic careers of the participants.  

Figure 4. Results of the student satisfaction survey 
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Moreover, the programs were a valuable networking opportunity, and the participants 
recognized the value of collaborating with international peers. While all the evaluations were 
positive, rare cases (1 or 2 at most) of less positive evaluations were encountered, related to the 
relevance of the activities to the academic career, and the progress in green and digital skills. 
While such occurrences can be generally expected, this feedback will be considered during the 
design of the last training program in Gävle (Sweden). 

4. Conclusions

This study describes the development process of a framework of green (12) and digital (21) 
competences adapted to the knowledge, skills and aptitudes that Engineering PhD students must 
acquire. Evidence from the literature shows how the definition of such competence frameworks 
is essential for the design of effective training and learning programs. 137 knowledge indicators 
were defined and will be used to monitor and track students’ progress in developing the relevant 
skills and competences as learning activities unfold.  To this end, for each knowledge indicator, 
a four-level progression was established to support the assessments. 

International collaboration in the context of the TECSKILL project (Erasmus+ KA220-HED) 
has been fundamental in the analysis of existing competence frameworks developed by the 
European Commission and their adaptation for Engineering PhD students. The implementation 
of the developed framework during transnational training programs allowed for the international 
mobility of the participants. Based on the results of a satisfaction survey, this aspect was 
particularly appreciated by the students, as it gave them the possibility to collaborate, gain 
valuable insights from international colleagues, and even bond during extracurricular activities. 
Support and communication from the organizers were also highly appreciated by the 
participants. Overall, the PhD students were satisfied with having participated in the training 
programs and would suggest other students to take part in similar activities.   

Future research related to the developed competence framework will focus on assessing the 
acquisition of green and digital competence during the whole project course. This evaluation 
will be possible after the end of the last training program in June 2025. The results of the first 
implementation of the developed competence framework will be essential in evaluating its 
effectiveness and in apporting eventual adjustments to the project goals and methods.  
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