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This research analyzes the impact of the COVID-19 pandemic on university education in the field of construction, with a focus on the necessary adaptations and challenges encountered in the entrepreneurial training of students. The study was carried out on a sample of 318 students from the construction specializations of the Transilvania University of Brașov, and aimed to identify the changes induced by the global pandemic in educational activities, with a special focus on entrepreneurship activities. The results of the research suggest that the pandemic has led to a significant transition to online education, with a decrease in direct interaction between students and teachers and an increase in course theorizing. Also, the difficulties encountered by students in developing entrepreneurial skills were influenced by the availability of educational resources and the support provided by the university. The study also confirms the importance of online activities, such as conferences and mentoring courses in the field of entrepreneurship, as effective forms of support during the pandemic. Finally, the research proposes suggestions for improving entrepreneurial training within construction education, taking into account the needs and preferences expressed by students.
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1 Introduction

The COVID-19 pandemic has caused one of the greatest disruptions in the history of education, profoundly affecting higher education globally. In the first months of the health crisis, universities around the world closed their campuses and moved courses online ad hoc in an effort to comply with social distancing restrictions (Marinoni et al., 2020). This sudden transition to emergency digital teaching has disrupted the traditional face-to-face system and forced institutions to quickly identify alternative ways of delivering education (Marquez-Ramos, 2021). Despite all the initial challenges, teachers and students have gradually adapted to the “new normal,” and online learning has become an essential component of the university educational process (Marquez-Ramos, 2021).

However, the literature highlights numerous difficulties encountered during this transition period. In the early stages, the focus was more on ensuring the continuity of courses than on the quality and efficiency of online teaching, the implementation often being done without adequate pedagogical planning. Thus, the potential of the digital format has not been fully exploited, with the risk of reinforcing the perception that e-learning is only an inferior alternative to traditional education (Bolliger and Halupa, 2018). Also, the absence of direct face-to-face interaction has made it difficult to assess students’ needs and provide the necessary educational support (Bolliger and Halupa, 2018). One of the major challenges for teachers has been maintaining students’ engagement and interest in the online environment, in the absence of the benefit of personal interactions (Bolliger and Halupa, 2018). These initial difficulties underline the reactive and improvised nature of the educational response to the pandemic, in the context of an unprecedented event.

The impact was felt even more acutely in fields of a pronounced practical nature, such as construction engineering. Many engineering degree programs are based on applied activities (laboratories, workshop projects, on-site practice) that are difficult to fully replicate online. Studies indicate that practical segments of courses were the most difficult to implement remotely during this period (Jones et al., 2021; Laachach et al., 2023). In Romania, the forced transition to online education was carried out urgently, without sufficient prior training, which led to varied approaches from one university to another and to an uneven level of quality of the educational act (Alexa et al., 2022). Alianța Națională a Organizațiilor Studențești din România – ANOSR (2020) stressed that, although the move of courses to the virtual environment allowed the learning process to continue, “online teaching cannot fully replace the face-to-face teaching experience,” certain disciplines—especially those with a significant practical component in the field of engineering and medical sciences—being particularly difficult to transfer online. Therefore, students from technical specializations have fully felt the reduction of direct interactions with teachers and the limitation of practical activities, aspects that can affect the quality of professional skills training.

A specific aspect of interest is the formation of entrepreneurial skills among students in the field of construction, in the context of the pandemic. Entrepreneurship education is recognized as a crucial component of preparing students for the modern labor market, stimulating innovation and the ability to start their own businesses even in difficult socio-economic conditions. Traditionally, this training is carried out through experiential methods and direct interactions (e.g., startup projects, workshops, mentorship), elements made more difficult by pandemic restrictions. Recent research points to the negative effects of the pandemic on entrepreneurial teaching—for example, reduced opportunities for hands-on learning and mentoring—and the need to rethink it in an online format (Laachach et al., 2023). However, the importance of entrepreneurial skills has not diminished; On the contrary, the crisis context has highlighted their role in increasing the resilience of graduates. In Romania, technical universities have consolidated in recent years their efforts to support entrepreneurial education by establishing Student Entrepreneurial Societies (SAS), meant to promote entrepreneurship and provide support to those who want to start business initiatives from the faculty benches. These steps underline the recognition, at the institutional level, that future construction engineers need not only technical knowledge, but also entrepreneurial skills to be able to adapt and innovate in a post-pandemic economic environment.

Considering these considerations, there is a need for an investigation dedicated to the impact of the COVID-19 pandemic on university education in the field of construction, with a focus on the dimension of entrepreneurial training of students. Placing the problem both in a global context and in the specific context of Romania, the present study aims to identify how students felt and managed the changes in the educational process during the pandemic, as well as the extent to which their entrepreneurial preparation was affected or adapted. This research is important to highlight the lessons learned and the remaining challenges—information that can guide universities in developing strategies and best practices aimed at improving the resilience of the education system and ensuring the training of graduates capable of coping with both the professional demands of the construction field and an ever-changing economic environment. Finally, the results will substantiate the specific objectives of the study, oriented towards optimizing the academic and entrepreneurial training of students in crisis and post-crisis conditions.



2 Literature review

The COVID-19 pandemic has triggered a sudden transition from traditional face-to-face teaching to online education in universities globally. In the first months of 2020, campuses closed and courses moved to digital platforms, often without prior training, both abroad and in Romania. The literature highlights that this rapid change has seriously disrupted the conventional educational process and has forced institutions and teachers to find innovative solutions to ensure academic continuity. For example, Marinoni et al. (2020) shows in an IAU global report that almost all universities have had to implement “emergency distance learning” to protect public health, facing unprecedented logistical and pedagogical challenges. Similarly, Adedoyin and Soykan (2020) point out that this crisis has highlighted both major challenges—such as lack of staff training, digital skills shortages and the digital divide among students—and opportunities for educational innovation (e.g., the widespread adoption of online platforms) in higher education.

International studies have reported that the transition to online has had mixed effects on the student experience. On the one hand, global surveys (Aristovnik et al., 2020) indicate that many students experienced an increase in workload and difficulty concentrating in the new environment. A study of >30,000 students from 62 countries showed that 42.6% of students reported a higher volume of homework and assignments, and most perceived a decrease in their academic performance with the suspension of face-to-face classes. Also, isolation at home has led to self-motivation problems and increased stress and anxiety levels, especially among undergraduate students. On the other hand, however, research also shows the academic community’s ability to adapt: despite initial difficulties, teachers and students have in many cases managed to adapt to the new digital normal, and online learning has become an essential component of higher education during the pandemic. For example, a German study (Grodotzki et al., 2021) conducted at a mechanical engineering faculty found that both teachers and students overcame the initial shock and adapted relatively quickly to online teaching, developing effective routines. By adopting practices such as the flipped classroom model—with pre-recorded lessons, interactive Q&A sessions and self-assessment tests—it has been possible to maintain student engagement at a satisfactory level. Thus, the general literature suggests that, although the pandemic has severely disrupted university education, it has also stimulated pedagogical innovation and institutional resilience, paving the way for new hybrid methods in the future.

Technical and engineering education, especially in the field of construction, has been among the most affected by the online transition, due to its pronounced applicative nature. Many engineering degree programs are based on applied activities (laboratories, workshop projects, on-site practice) that are difficult to fully replicate online. Studies show that it is precisely these practical components that have been difficult to recreate in the virtual environment. Shoulder et al. (2022) notes that with the move of courses to the internet, teachers have had to drastically reduce practical laboratory activities and experimental work, while adjusting team projects and active learning methods. This decrease in practical opportunities has been accompanied by the loss of direct interaction between students and teachers or between colleagues. According to the same authors, in the absence of access to equipped laboratories and face-to-face contact, negative consequences can arise on the transfer of knowledge and skills: there is a risk of decreasing the quality of learning outcomes, gaps in the formation of technical skills and even affecting the professional training of future engineers.

Numerous studies have pointed to the problem of online laboratories in engineering disciplines. A specific challenge of online engineering education is offering laboratory experiences comparable to traditional ones. Grodotzki et al. (2021) emphasize this aspect and review possible solutions identified in the literature: virtual laboratories (software simulations of experiments), remote laboratories (remote control of real physical equipment) or even live digital labs, in which the teacher transmits experimental demonstrations in real time. While none of these solutions perfectly replicate the hands-on experience, they can alleviate the practice deficit by allowing construction and engineering students to observe phenomena, analyze experimental data, and interact (virtually) with equipment. The contribution of these innovations is important: the literature has started to provide best practice guides for designing online engineering courses, so that they include practical components as interactive and effective as possible.

At the same time, technical universities have often resorted to hybrid formats during the pandemic, where restrictions have allowed. For example, in Romania, some engineering faculties (including in the field of construction) adopted scenarios in which theoretical courses were held online, and essential laboratories, with a small number of students, took place face-to-face when the epidemiological situation was favorable. This hybrid model has tried to maintain the applicative character of technical programs, compensating, at least partially, for the shortcomings of exclusively online learning. The rector of the Polytechnic University of Timișoara noted that technical education, “given its applicative specificity,” suffered the most during the pandemic; Even if remedial measures were taken (virtual platforms, remedial practical sessions), the face-to-face return was considered essential for the quality of training. This finding is in line with the international literature: the training of construction engineers depends to a large extent on practical learning (material strength laboratories, on-site practice, collaborative structural design projects, etc.), elements that are difficult to move entirely online. Thus, a gap highlighted by the pandemic is the absence of truly equivalent digital methods for experiential learning in technical fields; Many studies call for further investment and research in the development of advanced virtual environments (e.g., virtual or augmented reality) that allow realistic simulation of experiments and constructions, in order to better prepare for such crisis situations in the future.

Student academic engagement—defined by active participation, interaction and motivation—has been another central topic in the literature of the pandemic. Numerous researches, including from Romania, have investigated the extent to which students have remained involved and interested in courses once they moved online. Lup and Mitrea (2021) conducted a study on Romanian students, finding the emergence of disparities in academic engagement during emergency online learning. They show that the sudden shift to online classes generated different levels of participation and engagement, influenced by factors such as students’ home conditions: those without an adequate private study space, without a stable internet connection, or burdened by household chores (family care, for example) experienced a significant decline in involvement in academic activities. Thus, the pandemic has accentuated existing inequities—students from disadvantaged backgrounds have faced increased difficulties in actively participating in classes and focusing on their studies. Similar results also appear in international surveys: for example, students in Africa or Asia, where the digital infrastructure is weaker, reported lower levels of satisfaction with online academic support and more technical obstacles, compared to their peers in Europe or North America.

Another aspect related to engagement is social interaction and support. In the absence of daily physical interaction, students have depended on virtual communication. However, the global study by Aristovnik et al. (2020) notes a positive aspect: more than half of the students (57.6%) said they were satisfied with the support provided by teachers online, with teachers managing in many cases to be receptive and provide assistance even remotely. This suggests that teachers’ efforts to keep in touch with students (through online counselling sessions, regular feedback, messaging on e-learning platforms) have helped to maintain a certain level of engagement. However, the literature frequently points out that maintaining students’ attention and interest in an online course is difficult. Factors such as the monotony of the virtual format, “Zoom fatigue,” and the lack of direct interaction have led to a decrease in the active participation of many students. Some qualitative studies have reported the phenomenon of disconnection—students logging into the course but not engaging (e.g., not answering questions, not turning on the webcam, etc.), which affects both the learning process and their well-being. Thus, the need for new pedagogical strategies for the online environment is outlined: from training teachers in the use of interactive platforms, to the adoption of student-centered teaching methods (project-based learning, virtual group discussions, live surveys during the course) aimed at increasing student participation.

An example of good practice is provided by Gutierrez et al. (2023), who studied an educational program in which engineering students taught STEM concepts to younger students, before and during the pandemic. When the program had to move online, students and mentors were forced to adapt their practical lessons to a virtual format. According to the results, although transforming hands-on lessons into online modules was a significant challenge (involving the production of multimedia content, video demonstrations, etc.), students reported that they developed new skills (use of educational technologies, distance teaching techniques) and that, overall, they maintained their learning progress. Interestingly, the completely online transition was perceived as effective for their learning: the engineering students involved continued to assimilate specialized knowledge and even showed positive affective reactions, feeling pride in the digital skills acquired. This example suggests that, if well designed, online learning activities can maintain or even increase engagement, especially when students see practical relevance and the opportunity to acquire useful skills in their professional future (such as virtual teamwork skills, highly valued in the post-pandemic context).

Also, the mental health of students has become a concern associated with academic engagement. Studies from the pandemic period often mention increased anxiety, feelings of loneliness, and digital burnout in students, which negatively influences class attendance and performance. Stressors include general uncertainty, financial or family health difficulties, and fatigue accumulated in front of screens. As a result, universities have had to pay attention to supporting students beyond the strictly academic aspect—for example, through online psychological counseling, wellness programs or increased flexibility in assessment. The literature thus highlights the importance of empathy and communication: teachers who showed understanding of the students’ situation (e.g., by extending deadlines, periodically checking their condition) contributed to maintaining a connection that stimulates student engagement even in difficult conditions. These findings underscore that student engagement in the online environment depends not only on technology or method, but also on the human side of teaching—something that future educational research and practices must insist on.

Entrepreneurship education—which aims to develop business initiation and management skills, innovative thinking and entrepreneurship—has also faced major adjustments during the pandemic. Traditionally, entrepreneurship courses emphasize hands-on learning through real projects, experiential activities (business simulations, pitch competitions, student incubators), and extensive interactions with industry mentors. The restrictions imposed by COVID-19 have severely limited the possibility of carrying out these experiential components in physical format, forcing universities to reimagine the way they teach entrepreneurship. Recent studies further enrich this perspective by examining how digital learning environments shape entrepreneurial competencies and engagement. Hendrick et al. (2023) emphasized the importance of contextualized learning in virtual settings, while Deepthi and Exley (2023) underlined student-centered strategies in hybrid models. Li and Liang (2024) contributed with evidence on the integration of entrepreneurial thinking in online higher education platforms.

A first wave of papers published as early as 2020 (e.g., Liguori and Winkler, 2020) discussed precisely the impact of the pandemic on entrepreneurial education and called for it to be rethought in the new context. This pioneering work underlined that going online can be seen not only as a challenge, but also as an opportunity to expand access and introduce digital tools into entrepreneurial training. For example, virtual hackathons and remote business idea competitions have allowed students from various regions to participate, thus diversifying perspectives and teams. However, in the short term, entrepreneurship teaching has suffered from a lack of personal interaction and the difficulty of replicating action-based learning online. Ghannad and Sørensson (2024) examined the transformations of entrepreneurship education during this period, using action research at a European university.

They compared three time stages—before the pandemic, during forced online teaching and after the return to physical classes—for a practical entrepreneurship course. Their findings are revealing: the pandemic forced the extension of the duration of the courses (to accommodate the new format), but the study showed that the extension of the training time does not guarantee better entrepreneurial results. On the contrary, a condensed and intensive approach (such as entrepreneurial bootcamps held over shorter and more concentrated durations) has stimulated more innovation and improved the entrepreneurial mindset of students. In other words, the entrepreneurship courses reorganized in a compact format, even online, managed to keep students engaged and focused on the development of business ideas.

An unexpected outcome of online teaching in the field of entrepreneurship was the increase in learner diversity. The hybrid model, introduced during the pandemic, enabled the participation of students with varied backgrounds — including those who might not have been able to attend in person, such as international students or individuals working alongside their studies. Ghannad & Sørensson notes that this diversification of class demographics—culturally, experientially and insightfully—has enriched discussions and collaboration among students, leading to more creative and well-grounded entrepreneurial projects. Thus, one of the contributions of the literature on the topic of entrepreneurial education in the pandemic is to highlight the unexpected benefits of online teaching: expanded access and greater inclusivity. At the same time, these studies suggest that educators should capitalize on group diversity (by encouraging the exchange of ideas between students with varied backgrounds) to improve the entrepreneurial learning process.

On the other hand, researchers also draw attention to specific limits and problems. A major obstacle was the implementation of the practical segments of entrepreneurship courses in the virtual environment. Laachach et al. (2023), cited by Ghannad & Sørensson, report “negative effects on entrepreneurial teaching” when hands-on components (such as projects to actually create a prototype or internships in startups) have been cancelled or brought online. Maintaining student engagement has been difficult, similar to the situation in other disciplines, as entrepreneurship courses based on face-to-face interaction, collective brainstorming and informal networking have lost their momentum online.

Jones et al. (2021) also noted that the lack of learning opportunities through direct experience somewhat diminished the development of practical skills (such as negotiation, pitching to investors, team leadership) in student entrepreneurs in 2020–2021. However, educators have adapted: they have used digital tools (business simulations, serious online games, collaboration platforms such as Miro or Slack) to offer students experiences as close to reality as possible. Some authors even report emerging new teaching approaches, such as virtual mentoring with invited industry entrepreneurs, who during lockdown periods have become more available to participate in remote classes (Ratten, 2020).

Importantly, recent literature is also beginning to discuss the post-pandemic impact on entrepreneurial education. A synthesis study (Mathew et al., 2022) suggests that many of the practices adopted out of necessity (e.g., hybrid courses, virtual incubators) will continue after the pandemic, reshaping the entrepreneurial curriculum. Ghannad and Sørensson (2024) recommend, in their conclusions, that future research investigate the motivations of different groups of students attending online entrepreneurship courses (e.g., differences between younger students vs. returning professionals) and the long-term effects of new teaching strategies on their actual entrepreneurial journey.

In addition, it highlights the need to study the results on a practical level: how many students actually launch their start-ups after graduation and whether the online/hybrid training has positively or negatively influenced this result. These future research directions are essential to understand whether the adjustments made during the COVID period were circumstantial in nature or whether they can lead to permanent innovations in the way we learn entrepreneurship.

The contributions of the existing literature on the impact of the COVID-19 pandemic on university education (especially in engineering and entrepreneurship) are significant. First, research has systematically documented the challenges encountered: from limitations in practical education (labs and application projects cancelled or migrated online), to declining student engagement and access equity issues (e.g., the digital divide highlighted by Butnaru et al., 2021, related to unequal access to technology). This documentation has made it possible to raise awareness of the vulnerable points of the university education system in the face of a crisis of such magnitude. Secondly, the literature has contributed with positive case studies and pedagogical innovations: for example, the implementation of the flipped classroom in online engineering teaching has proven beneficial for learning, and the use of collaborative virtual platforms in entrepreneurial projects has maintained creativity and interactivity. Guidelines and recommendations (based on research) have been published on online course design, the balance between synchronous and asynchronous, remote assessment and student support, which remain valuable resources for future practices.

Last but not least, international comparative studies (including those that included Romania) provided a global perspective, highlighting both common elements (e.g., the difficulty of online laboratories is reported all over the world) and local particularities (e.g., cultural differences in adapting to online, different capacity of institutions to manage the crisis).

Despite these contributions, there are still gaps in the literature that provide opportunities for future research. One of the gaps stems from the relatively short and reactive nature of many studies: most research has focused on the immediate perceptions of students and teachers or on ad-hoc solutions applied during the crisis. Less work has addressed the long-term impact. For example, we do not yet have enough data on the lasting effects of the 2 years of online education on the practical skills of engineering students (have those practical gaps been fully recovered after returning to campus?) or on the career trajectory of graduates. Longitudinal studies are needed to follow generations of students affected by the pandemic in their early career years, to see if and where gaps in knowledge or skills arise. Another gap is the systematic evaluation of the effectiveness of the new tools introduced: for example, virtual labs and simulations have been widely used, but how well do they replace real hands-on learning? A few isolated studies have evaluated them (Grodotzki et al., 2021 provided positive user feedback for certain types of virtual labs), but there is still no consensus on best practices or the limitations of these technologies. Similarly, in entrepreneurship education, various online methodologies have been tried, but the rigorous comparison of the effectiveness of one approach versus another (e.g., online vs. offline entrepreneurial project) remains insufficiently explored.

The literature has clearly highlighted the importance of human and contextual factors (e.g., teacher support, students’ family situation) in the success of online education, but future educational policies need to take more into account these aspects. For example, Lup and Mitrea (2021) suggests that universities and policymakers should develop strategies to reduce engagement disparities online, providing additional resources (equipment, connection) and support for vulnerable students. This is a practical course of action derived directly from academic findings.

The future directions of research are therefore moving in several planes. One is the pedagogical and technological plan: the development and testing of optimal hybrid methods for engineering and entrepreneurial education. Many voices propose a flexible hybrid education model, which combines face-to-face advantages (for practical activities, socialization, direct mentoring) with online advantages (accessibility, digital resources, remote collaboration). Future research can experiment with different proportions of hybridization and emerging technologies (virtual reality for simulating construction labs, cloud-based distributed project platforms for mixed teams of students, etc.) and measure the impact on learning outcomes. Another level is psychological and organizational: understanding how such crises affect the well-being of students and teachers in the long term and how to build resilience. Future studies should investigate, for example, which categories of students (by demographic profile or personality traits) were able to adapt better to online learning and why, respectively how those who had difficulties can be helped. Also, the perspective of teachers should not be neglected: many studies in 2020–2021 quickly surveyed teachers, but a deeper analysis of pedagogical digital competences and how to continuously train teachers is needed to integrate technology into teaching efficiently and equitably.

In conclusion, the impact of the COVID-19 pandemic on university education—including the field of construction and entrepreneurial education—has become a fertile field of research, with valuable contributions to date. Both the vulnerabilities of the system (lack of online training, inequities, the difficulty of practical distance education) and the capacity for innovation and adaptation (new methods, technologies and emerging practices) were highlighted. The current gaps provide opportunities for future studies aimed at deepening the long-term effects and refining hybrid educational models. Future directions converge towards building a more resilient higher education, combining practical education with entrepreneurial training in a flexible way, prepared both for normality and for possible future crisis situations. Through these efforts, the academic community can transform the hard lessons of the pandemic into opportunities for the evolution of the university education system, for the benefit of future engineers, entrepreneurs and society as a whole.



3 Research methodology


3.1 Purpose and objectives of the research

This study investigates how university students specializing in construction-related fields in Romania coped with the challenges posed by the COVID-19 pandemic. It focuses on the ways they adjusted their daily academic and practical activities, with particular attention to the development of their entrepreneurial skills. Data were collected between March 1 and April 15, 2023, providing a recent perspective on the post-pandemic academic and professional adaptation process.


3.1.1 Objectives

O1: Identifying students’ perceptions of the pandemic and its effects;

O2: Assessing differences in academic training before and during the pandemic;

O3: Evaluating pandemic-specific online activities;

O4: Analyzing the dimensions of entrepreneurial preparedness;

O5: Quantifying students’ demands toward their educational institution for the effective delivery of teaching activities;

O6: Estimating students’ propensity for European mobility/exchange experiences.



3.1.2 Hypothesis


Hypothesis 1 (H1): Satisfaction with online activities was significantly different by student’s gender, residence, and type of study.
Hypothesis 2 (H2): The higher the teachers’ involvement in entrepreneurial education, the stronger the students’ propensity to start their own business.
Hypothesis 3 (H3): The difficulties encountered by students during the pandemic period were significantly different depending on the study program in which they were enrolled.





3.2 Sample

A convenience sampling method was used in this study. The data were collected through an online questionnaire, which was distributed to all students enrolled in construction-related programs at the Transilvania University of Brașov via institutional communication platforms. Prior to participation, all respondents were presented with an informed consent statement, which ensured them that their involvement was voluntary, their responses would remain anonymous, and no personal data would be made public. Out of a total population of 836 students, 318 completed the questionnaire. The demographic breakdown of the sample is as follows: 68% were male and 32% female; 57% of the respondents came from urban areas, while 43% were from rural areas. In terms of academic level, 93% were enrolled in a bachelor’s degree program, and 7% were pursuing a master’s degree. Among the bachelor’s students, the specializations included Civil, Industrial, and Agricultural Constructions; Railways, Roads, and Bridges; and Construction Installations. The master’s degree students were enrolled in the Energy Modernization in the Built Environment program. The instrument used was a structured, self-administered questionnaire designed by the research team. It included both Likert-scale items (measuring satisfaction, engagement, and entrepreneurial intent) and categorical questions (e.g., gender, residence, academic level, perceived challenges). The questionnaire was piloted with a small group of students (n = 12) to ensure clarity and validity. Data were collected online via the institutional Moodle platform and exported for analysis. Regarding data analysis, descriptive statistics were computed using SPSS v.26. To test the research hypotheses, we applied Chi-square tests for associations between categorical variables and Somers’ D for ordinal-level data. G*Power 3.1 software was used to calculate the required sample sizes and power levels for all inferential tests.




4 Results


4.1 Changes induced by the pandemic situation

The students were asked to specify the main changes that the COVID-19 pandemic has produced in terms of teaching-learning. They stated the Table 1.


TABLE 1 Distribuția schimbărilor în activitatea educațională în perioada pandemiei COVID-19, conform răspunsurilor studenților.


	
	Percent

 

 	Interaction with teachers has become more difficult 	48.7


 	The content of the courses is more theoretical 	19.5


 	The practical part is limited only to solving some exercises 	13.8


 	The volume of practical assignments is greater 	10.1


 	The time for solving practical assignments has decreased 	4.1


 	The hours of entrepreneurial training have decreased 	0.9


 	No answer 	2.8


 	Total 	100




 

Predictably, “interaction with teachers” suffered the most (48.7%), and the teaching activity changed in opposite directions: an increase in theoretical training (19.5%) and a decrease in applied/practical activities (13.8%). At the same time, the volume of practical assignments is greater (10.1%), which suggests that students had to manage on their own for short internships (through the already existing university-private company partnerships). As is known, construction sites were among the only economic activities that continued during the pandemic, but here too, compliance with the rules imposed by the pandemic was very strict. Moreover, international organizations have issued strict regulations that must be respected in the construction field (and similar construction sites) during the pandemic. On the opposite end, practical training internships within faculty premises were virtually suspended. In conclusion, practical internships reverted to being the students’ responsibility, and the time allocated to them increased. However, predictably, the time dedicated to reporting/solving practical problems was reduced. We conclude that the pandemic period brought major changes to students’ university training, and due to the specific nature of this specialization, 100% online education could not be enforced. Under these conditions, we expected students to be relatively confused with the possibility of professional development during the pandemic. When asked about this, the students answered as follows (Figure 1).

[image: Line graph titled "The pandemic like opportunity for professional development" showing responses across five categories: "To a very small extent" at 15.5, "To a small extent" at 19.2, "Neither in large nor in small measure" at 29.7, "To a large extent" at 19.6, and "To a very large extent" at 16.1.]

FIGURE 1
 Percentage of students considering professional development opportunities during the pandemic.


If we add up the percentages in the graph above, we will notice that 34.7% of respondents are pessimistic, oscillating between “to a very small extent” and “to a small extent”; 35.7% of respondents were quite satisfied with the opportunity for professional development. In conclusion, the impact on the university preparation of these students was ambivalent: each group considered the pandemic and the opportunities offered according to different logics. At the same time, a compact group of 29.7% is relatively neutral. One of the causes of these undecided statements is related to the direct activity with teachers. Unfortunately, many interpersonal contacts have faded, as can be seen from the students’ responses about the interactions with teachers during the online activities (Figure 2).

[image: Bar chart titled "The frequencies of interactions with teachers." It shows three categories: "more than in face-to-face courses" at 17.6%, "no more and no less than in face-to-face courses" at 23.3%, and "less than in face-to-face courses" at 59%. Bars represent the percentage for each category.]

FIGURE 2
 Reducing interaction with teachers during the online learning period.


Returning to the actual teaching activity, we were interested in the students’ satisfaction with the online training. The answers were as follows (Figure 3).

[image: Bar chart titled "Satisfaction with online activities" showing levels of satisfaction. Categories: "Very dissatisfied" 14.2%, "Quite dissatisfied" 13.9%, "Neither satisfied nor dissatisfied" 29.1%, "Quite satisfied" 24.4%, and "Very satisfied" 18.4%.]

FIGURE 3
 Student satisfaction with online education during the pandemic.


From the students’ answers, we deduce a reasonable level of adaptation to the new conditions (42.5% are quite or very satisfied) with all the shortcomings specific to the pandemic period. To expand the scope of the research, we asked students if, under the conditions of online learning, they considered themselves to possess the necessary knowledge to design a building, and only 31% of respondents stated that they had such knowledge (see question Q14). To increase the level of interest/involvement of students, they also have suggestions for teachers/trainers. These recommendations can be seen in the following graph (Figures 4, 5).

[image: Bar chart titled "Activities proposed to teachers" showing four horizontal bars. Activities include real-time help with design tasks (20.3%), audio-video interaction platforms (20.6%), support with examples and videos (29%), and programs for practical tasks (30%). The percentages are on the x-axis.]

FIGURE 4
 Students’ suggestions for improving online educational activities.


[image: Bar chart titled "Difficulties during the online activities" shows various challenges. The largest difficulty is "difficulties in assimilating and understanding information" at 45.5%. Other difficulties include "putting into practice the theoretical information" at 16.8%, "difficulties in interacting with teachers" at 15.5%, "lack of teachers' support in solving practical assignments" at 11.3%, "the development of entrepreneurship projects only hypothetically" at 3.5%, and "other" at 7.4%.]

FIGURE 5
 Difficulties encountered by students in online activities.


The main difficulties encountered by students in online activities were the following:

We observe the diversity of difficulties encountered by students in online activities.



4.2 From physical to online activity

After the onset of the pandemic, most university education entities in Romania have found alternative forms of education. The use of online education platforms has become more widespread. In our case, we asked students from our sample in the construction specialization about the first word that comes to mind when they think about the online educational process. The responses are in the Table 2.


TABLE 2 Students’ perception of the online educational process during the pandemic.


	
	Percent

 

 	Discomfort/difficulty/stress 	37.4


 	Utility/efficiency 	14.2


 	Comfort/safety 	10.1


 	Low educational level 	9.1


 	Uselessness/inefficiency 	6.6


 	Distance learning 	3.5


 	Boredom 	3.1


 	Lack of human interaction 	1.9


 	Computer/Internet 	1.6


 	Pandemic/COVID/Quarantine 	1.6


 	No answer 	3.1


 	Other 	7.9


 	Total 	100




 

We can observe the ambivalence of the responses that oscillate between discomfort and comfort, usefulness and uselessness, comfort and low educational level, etc. For students, the pandemic as such was not a concern in itself because, especially the negative emotional experiences that are here blurred by (fatigue, headaches, panic, sadness, disappointment, demotivation, etc.). These themes can also be found in the next questions from the questionnaire.



4.3 Specific activities before and during the pandemic

We considered that activities both before and after the pandemic had an increased chance of experiencing some disruptions/interruptions. Precisely for this reason, we tried to find out from students to what extent there was continuity in their activities (with the declared support of the university). This situation is visible in the following graph (Figure 6).

[image: Bar chart titled "University support" shows student involvement percentages in activities before and during the pandemic. Three categories: project/team management, design activities, and internships. Each has a blue bar for before the pandemic and a red bar for during the pandemic. Exact values are not specified.]

FIGURE 6
 The university’s support for student activities before and during the pandemic.


From the graph above, we observe certain specific differences. Thus, the university strongly supported student involvement in internship activities before the pandemic (61%), but this support decreased during the pandemic (41%). The responses reflect students’ opinions but can also be linked to the specific context of the pandemic period—a time when public-private partnerships undoubtedly suffered. By contrast, the university’s support for design activities increased significantly (from 25 to 40%) through enhanced digital facilities (e.g., by supporting specialized virtual application platforms). As for student support in project/team management activities, this also increased during the pandemic period.

The role of practical activities proves particularly crucial in this academic field. However, the pandemic period raises two justified questions: to what extent these activities were impacted by the pandemic, and how this lack of activities influenced professional development. We have consolidated the answers in a single graph (Figure 7).

[image: Line graph titled "Practical activities between adaptation and limitation" comparing responses to two questions about internship adaptations during the pandemic. The blue line represents adaptability, with peaks at 29.6 and lows at 9.5, and the red line represents impact on professional development, peaking at 31 and dipping to 11.9. Horizontal axis categories range from "To a very small extent" to "To a very large extent," with numerical values marked on the vertical axis.]

FIGURE 7
 Adapting practical activities during the pandemic.


When summarizing the graph percentages, we observe that the pandemic adaptation of practical activities remains high, with 45.3% of respondents considering this adaptation to have occurred to a large or very large extent. Just 23.7% of respondents considered that the adaptations occurred to a very small or small extent (the fact that confirms the continuity of the entire domain even in pandemic conditions)! Surprisingly, just 29.5% of respondents stated that the lack of in-company practical activities affected their professional development to a small or very small degree. While the first results were predictable, the second case suggests that the university’s supplemental measures largely succeeded in compensating for the reduction in practical activities. The list of such compensatory measures is extensive (and aligns with international best practices in the field): replacing traditional internships with virtual simulations using 3D modelling software and construction simulators to recreate worksite experience; supplementing incomplete practical projects with additional theoretical projects; encouraging volunteer programs; implementing VR/AR programs for complex work simulations; utilizing instructional videos and interactive applications.



4.4 Entrepreneurial training

Entrepreneurial education is of great interest to students in the construction specialization. Over 60% of students stated that this type of training is fundamental for their professional development (see Question no. 9) and 38% declared that entrepreneurial training before the pandemic was applied in a very small or small extent (see Q4). Even so, we wanted to detail the possible activities started by universities before the pandemic in order to see the propensity of the educational effort towards entrepreneurial training as a premise of continuity during the pandemic period. How did students appreciate the development of these components we can see the Table 3.


TABLE 3 Activities carried out before the pandemic for the entrepreneurial preparation of students.


	Activities before the pandemic
	Percent

 

 	To do the internship in different companies in Romania 	48.7


 	To receive constant professional advice from teachers 	22.1


 	Interact with various specialists in the field 	13.8


 	To participate in various professional training courses 	9.6


 	To do an internship in various companies abroad 	5.8


 	Total 	100




 

Due to the lack of pandemic-specific constraints, we expected internship-type activities in different companies in Romania to be predominant (48.7% from responses). Such internships can certainly be related to entrepreneurial training even if they did not exactly bear this name. At the same time, we can understand that a series of latent themes of educational and professional development have suddenly become acute during the pandemic period. In any case, the concern for entrepreneurial training is normal considering the profile of such faculties.

This preoccupation is reflected in the fact that most technical universities in Romania also have a volunteer structure generically called the Student Entrepreneurial Society (SAS). For Transylvania University of Brașov, we identified the respective SAS with a series of clear missions (as stated on the university’s website): creating an institutional framework conducive to developing and encouraging an entrepreneurial spirit, supporting students who want to turn a business idea into a startup, organizing mentoring and consulting activities for students, encouraging mentor-student collaboration, aligning education with labour market demands.

For Construction students, the possibility of running a future business is more pronounced compared to other specializations. In this context, our research focused on the educational process itself and assessing the extent to which entrepreneurial training is embraced. Thus, students were asked to evaluate their level of engagement in the entrepreneurial opportunities offered by the university during the COVID-19 pandemic. The results were as follows (Table 4).


TABLE 4 Entrepreneurial training opportunities offered to students during the pandemic.


	Entrepreneurial training opportunities
	Percent

 

 	Participation in online conferences on entrepreneurship 	49.3


 	Participation in mentoring courses organized by teachers 	26.2


 	The possibility to communicate online with specialists in the field from other countries 	13.3


 	Participation in start-up project writing sessions 	5.9


 	Support for opening your own business 	5.2


 	Total 	100




 

We can observe that the university distinguishes itself by supporting online entrepreneurship conferences (mentioned by 49.3% of respondents), followed by participation in mentoring courses organized by faculty members (26.2%). However, the opportunity to engage in online discussions with international field specialists remains challenging to implement (13.3%). The last two activities—“participation in start-up project drafting sessions” and “support for launching one’s own business”—should not be overlooked either and could certainly be expanded in the post-pandemic period. In addition to the institutional offer, students can also propose other activities that increase their entrepreneurial expertise. Here is a list of such actions, subject to student preferences, proposed to their university (Table 5).


TABLE 5 Activities proposed by students to improve entrepreneurial training.


	Entrepreneurial proposed activities
	Percent

 

 	To involve you in projects that involve solving real problems 	39.3


 	To organize mentoring and consulting courses in entrepreneurship 	25.6


 	To organize start-up project writing courses 	18.5


 	To put you in contact with other specialists in the field 	16.6


 	Total 	100




 

In this context, it is important to highlight the contribution of the students’ teachers/trainers regarding their entrepreneurial preparation. The respondents’ answers were as follows (Figure 8).

[image: Line graph depicting teachers' approach to entrepreneurial training. The vertical axis shows percentages from 0 to 45, while the horizontal axis lists five categories: "To a very small extent," "To a small extent," "Neither in large nor in small measure," "To a large extent," and "To a very large extent." Percentages are 16.4%, 16.4%, 39%, 17.9%, and 10.4%, peaking at 39% for "Neither in large nor in small measure."]

FIGURE 8
 Evaluation of teachers’ involvement in students’ entrepreneurial training.


We can observe a balance in the assessments: 32.8% of respondents report low involvement from teachers, while 28.3% hold the opposite opinion. The remaining 39% consider the teachers’ involvement to be moderate. Once these clarifications are made, we believe that additional theoretical and practical training could be beneficial. When asked whether such supplementary training is useful, students responded as follows (Figure 9).

[image: Bar chart titled "Usefulness of entrepreneurial mentoring and consulting." It shows percentages for five categories: "very useless" at 14.8%, "quite useless" at 4.7%, "neither useful nor useless" at 28.6%, "quite useful" at 23.9%, and "very useful" at 28%.]

FIGURE 9
 Students’ perception of the usefulness of additional entrepreneurial training.


Overall, we can observe that 51.9% of respondents consider these activities to be useful or very useful! These kinds of activities can certainly influence students’ propensity to start their businesses even during their university studies. When asked about this possibility, respondents gave the following answers (Figure 10).

[image: Bar chart showing interest in opening a business with university support. Categories: "To a very small extent" 14.8%, "To a small extent" 6.9%, "Neither in large nor in small measure" 24.9%, "To a large extent" 18%, "To a very large extent" 35.3%.]

FIGURE 10
 Students’ intention to start a business during their undergraduate studies.


As can be observed, students are inclined to start a business if their university can support them (53.3%). However, at the same time, only 37% of respondents considered that this initiative can be quite efficient or highly efficient (see question 23). Beyond the tempered enthusiasm of such statements, there are concrete examples in Romania where various faculties can foster entrepreneurial initiatives. Several initiatives are known nationally or internationally, such as: business incubators where students receive free consultancy (e.g., StartUp Hub—Cluj-Napoca, Romania, or StartX—Stanford, USA); integrated modules in study programs; grants for student business ideas; university-business hub partnerships; free consultancy offered by professors; involvement of student associations; hosting dedicated platforms. For construction students, examples include: start-ups in sustainable construction; university-private entrepreneur partnerships for practical courses (e.g., the RIVUS project, visible at https://www.rivus.ro/cursuri-practice-pentru-studentii-utcn for Cluj-Napoca students); workshops for practical applications; thematic fairs (e.g., ConstructFEST, the largest European fair dedicated to the construction market, initiated by the Technical University of Civil Engineering Bucharest); access to free software licenses for students (for complex IT programs); access to entrepreneurial scholarships, etc. For the Faculty of Construction in Brasov, an impressive list of activities with an explicit entrepreneurial reference can only be consulted online. (see on https://constructii.unitbv.ro/ro/stiri-si-evenimente.html).

In all these examples, we observe the contribution of universities/faculties in various training actions. That is why we questioned the students to give suggestions for activities in which their faculties could be more intensively involved for good training. The students’ suggestions were the following (Figure 11).

[image: Bar chart titled "Proposed actions for universities/faculties" with three actions: organizing online orientation and counseling sessions at 11.1 percent, involving in real construction projects at 62.3 percent, and supporting business development at 26.6 percent.]

FIGURE 11
 Students’ suggestions for additional entrepreneurial training activities.


We asked students to add other suggestions (via an open-ended question) regarding the contribution of universities/faculties to the development of their entrepreneurial component during the pandemic. Beyond the categories in the previous graph, students also added the following (after removing non-responses): entrepreneurship courses/seminars (21%), more practical activities (18%), increasing the quality of courses/seminars (15%), supporting student engagement (15%), the possibility of working with professional companies (6%), meetings with company representatives (8%), qualitative audio/video materials (4%), etc. There were also separate opinions. For example, one student pointed out that other strategies could be invoked, such as: ‘learning how to write start-up projects’ (male, bachelor’s degree cycle, Civil, Industrial, and Agricultural Engineering); “offering free books and video/audio materials related to this field” (male, bachelor’s degree cycle, Civil, Industrial, and Agricultural Engineering), and ‘involvement in personal development that goes far beyond just putting information on paper’ (male, bachelor’s degree cycle, Railways, Roads, and Bridges). Another important remark came from a student who stated, regarding the emphasis on entrepreneurial training: ‘I do not think the university could do it well under the current legislative framework’ (male, master’s cycle, Railways, Roads, and Bridges).”



4.5 Erasmus opportunities

Erasmus mobility programs have been significantly impacted across Europe. However, the opportunity to continue/advance studies abroad remain an important alternative for Romanian students.

When asked whether Erasmus mobility can contribute to students’ professional development, 80% of respondents agreed. Unfortunately, the intention to participate in such programs proved very low, especially during the pandemic, when international travel was heavily restricted. Only 28% of students stated they would accept a mobility opportunity, even under pandemic conditions.


4.5.1 Testing hypothesis


Hypothesis 1 (H1): Satisfaction with online activities was significantly different by student’s gender, residence, and type of study.


This hypothesis was inspired by other social research related to online activities. For example, Gnanadass and Sanders (2018) have identified many gender differences related to distance education, and of course differences in satisfaction to online activities. Additional gender differences were highlighted in a recent OECD (2021) study, which identified various extra stress factors for women compared to men due to educational activities during the pandemic (women more frequently highlighted issues with organization and work-life balance).

To test our hypothesis, we begin with “student’s gender”—independent variable and “satisfaction”—dependent variable, to which we applied the Chi-Square test of independence. We used G*Power software to determine the minimum sample volume. For effect size ω = 0.3, alpha = 0.05, and df = 4, we calculate a minimum sample size of 207 subjects. This minimum size is optimal compared to the entire sample size (318 subjects). The association of the two variables was not statistically significant [χ2(4) = 1.865, p = 0.761]. Thus, we can conclude that there are no differences in satisfaction with online activities between men and women. The hypothesis is not confirmed in this case.

The option to examine potential differences in satisfaction with online activities based on respondents’ residence was also noted in other studies. These studies observed higher satisfaction levels among students living in urban areas compared to their rural counterparts (see for example Hohlfeld et al., 2017; Kohler et al., 2021).

For our research we have “residence” -an independent variable and “satisfaction”—dependent variable. The analysis with G*Power generated the same sample (207 subjects). The association of the two variables was not statistically significant [χ2(4) = 3.559, p = 0.469]. Thus, we can conclude that there are no differences in satisfaction with rural/urban residency. The hypothesis is not confirmed in this case.

Regarding satisfaction differences between bachelor’s and master’s students, research has shown that master’s students’ greater experience makes them more satisfied with online activities (see, e.g., Kahu et al., 2021; Hattie, 2023). The association of the two variables was not statistically significant [χ2(4) = 5.839, p = 0.211]. Thus, we can conclude that there are no differences in satisfaction with online activities between bachelor’s and master’s students. The hypothesis is not confirmed in this case.

To summarize all the cases of our hypothesis, we can say that this was not confirmed: there are no differences in the perception of satisfaction with students’ online activities according to students’ gender, residence or type of study.


Hypothesis 2 (H2): The higher the teachers’ involvement in entrepreneurial education, the stronger the students’ propensity to start their own business.


The rationale for this hypothesis was grounded in existing literature analyzing the relationship between these variables (e.g., Bae et al., 2014; Shahzada et al., 2023). To test it, we operationalized:


	• Independent variable: Q13 (Teachers’ approach to entrepreneurial training)

	• Dependent variable: Q22 (Interest in starting a business)



We employed Somers’ d to assess the association between these ordinal variables. Prior to analysis, we used G*Power 3.1 to determine the minimum required sample size for ω = 0.3, α = 0.05, and df = 16, which yielded N = 317 (matching our actual sample).

The analysis revealed a statistically significant but weak positive association between teachers’ training approaches and entrepreneurial interest (d = 0.181, p < 0.005). The hypothesis was confirmed.


Hypothesis 3 (H3): The difficulties encountered by students during the pandemic period were significantly different depending on the study program in which they were enrolled.


Numerous prior studies have emphasized differences in pandemic-related experiences across academic specializations. For example, Al-Ansi (2021) studied the role of specialization in students’ anxiety and recruitment during the COVID-19 pandemic, using a sample of 400 students. One of the key conclusions was that specialization had a negative and significant impact on medical and natural science students’ anxiety, and a negative but still significant impact on social science students.

In Romania, Radu et al. (2020) compared students from two specializations—the Faculty of Engineering and the Faculty of Physical Education and Sports at the University of Bacău—to assess differences in the quality of the educational process on online platforms during the COVID-19 pandemic. In our study, we aim to analyze whether the difficulties encountered during the period of online courses varied significantly across students’ academic specializations.

To test our hypothesis, we begin with “student’s specialization” from which we have retained only two better represented specializations (Civil, industrial, and agricultural constructions and Railways, roads, and bridges) as an independent variable and “difficulties during the pandemic”—dependent variable from question 18, to which we applied the Chi-Square test of independence. We used G*Power software to determine the minimum sample volume. For effect size ω = 0.3, alpha = 0.05, and df = 4, we calculate a minimum sample size of 207 subjects. This minimum size is optimal compared to the valid sample in this case (265 subjects). The results are visible in the Table 6.


TABLE 6 Differences perceived by students in the difficulties encountered by specialization during the pandemic period.


	Specializations
	
n

	Difficulties during the pandemic*
	
ꭓ
2

	df
	
p




	Difficulties in assimilating and understanding information
	Difficulties in interacting with teachers
	lack of teachers’ support in solving practical assignments
	Putting into practice the theoretical information
	He development of entrepreneurship projects only hypothetically

 

 	Civil, industrial and agricultural constructions 	227 	123 (54.2) 	32 (14.1) 	28 (12.3) 	38 (16.7) 	6 (8.6) 	11.692 	4 	0.02


 	Railways, roads and bridges 	38 	11 (28.9) 	8 (21.1) 	6 (15.8) 	9 (23.7) 	4 (10.5) 	 	 	


 	Total 	265 	134 	40 	34 	47 	10 	 	 	





* The percentages per line are specified in parentheses.
 

The association between the two variables was statistically significant [χ2(4) = 11.692, p = 0.02]. We therefore conclude that perceptions of difficulties in the educational process during the pandemic varied significantly. The hypothesis was confirmed.

This analysis offers practical utility. For instance:


	• Information assimilation challenges (The Civil, Industrial, and Agricultural Engineering specialization showed heightened uncertainty regarding lectures, seminars, and practical activities);

	• Theory-practice gaps (The Railways, Roads, and Bridges specialization faced notable difficulties in applying theoretical knowledge).







5 Discussion

The results of our study confirm that the sudden shift to online education has generated significant difficulties for students in the construction field. The interaction with the teachers became more difficult, and the content of the courses was mainly oriented towards theory, while the practical components were reduced or limited to simplified exercises. This trend is in full convergence with the observations of other international research. For example, students from technical and vocational backgrounds in the UK reported losses of practical opportunities and reduced contact with industry mentors during the lockdown. Similarly, a study conducted in Malaysia showed a decrease in satisfaction with the quality of online courses, mainly due to decreased interactions and difficulties in training practical skills.

Students in our context also mentioned the increased volume of homework and insufficient time to solve it—a situation reflected globally, where many teachers compensated for the lack of face-to-face activities with additional tasks, increasing the academic burden felt by students (Adnan and Anwar, 2020; Baticulon et al., 2021). Numerous studies confirm that remote emergency learning has been perceived as less effective, especially in countries where access to the internet and equipment has been poor (Adnan and Anwar, 2020; Abbasi et al., 2020). For example, in a technical university in Pakistan, most students considered online courses to be qualitatively inferior to traditional ones, emphasizing their overly theoretical character and lack of adequate practical training (Abbasi et al., 2020). At the same time, research from the Philippines (Baticulon et al., 2021) and India (Mishra et al., 2020) identified similar barriers—unstable connections, difficulty concentrating at home, and insufficient technical support—factors that explain the attenuation of student academic engagement in general.

We therefore note a decrease in academic involvement and student motivation in the online environment, an aspect highlighted by other studies. The lack of direct interaction and the feeling of academic isolation have eroded active participation in classes. Hendrick et al. (2023) shows that academic engagement has suffered due to the loss of common physical space and difficulties in satisfying the need for collegial relationships, with many students feeling alone and disconnected from the university community. Similarly, research from the US highlights a significant decrease in student participation and difficulties in maintaining concentration online—more than three-quarters of US students reporting episodes of distraction and moderate to severe stress during the pandemic (Soria and Chirikov, 2020; Aguilera-Hermida, 2020). The decrease in academic engagement observed in our study (materialized by lower attendance or passive participation in online activities) converges with these global data. However, it is notable that a minority of students in certain contexts also perceived benefits in the new regime—for example, some enjoyed increased flexibility and reduced social obligations, an aspect also mentioned by Hendrick et al. (2023) for a limited segment of students who found isolation as a “respite” from social pressures. This divergent result indicates that the experience was not uniformly negative: the conditions of studying at home favored their own pace of learning for some students. In fact, an experimental study in Spain (Gonzalez et al., 2020) showed that academic performance in assessments was even able to increase during the isolation period, amid the adoption of more autonomous and constant learning strategies by students. The authors explain this phenomenon by the fact that, forced by circumstances, students managed their time more efficiently and studied more consistently throughout the semester, paradoxically leading to better average grades compared to pre-pandemic cohorts (Gonzalez et al., 2020). These findings only partially contradict our results—they suggest that academic engagement suffered overall, but students with high self-discipline were able to turn challenges into opportunities to improve their performance. Overall, however, both our data and most of the sources analyzed converge on the idea that academic engagement was difficult to sustain at normal levels in the absence of the classical learning framework.

The pandemic period had notable psychological implications on students, putting their professional and personal resilience to the test. The results of our questionnaire indicate the predominance of feelings of discomfort, stress and fatigue associated with the online educational process (spontaneously reported by ~37% of students as the first thought related to online school). These experiences are in line with the international literature, which has documented a worrying increase in levels of stress, anxiety, and academic burnout among students throughout the pandemic (Aucejo et al., 2020; Versteeg and Kappe, 2021). In 2021, more than 60% of college students in the U.S. met the criteria for at least one mental health disorder, and about 66% reported increased levels of depression compared to the pre-pandemic period (Soria and Chirikov, 2020). In this context, the concept of resilience has become central: students’ ability to cope with adversity and maintain their emotional balance and academic motivation. Our study reveals that, although students felt the negative psychological effects intensely (e.g., frustration with the loss of direct interactions, anxiety about the uncertainty of the evolution of their studies), many also exhibited coping strategies—for example, asking for additional support from teachers or looking for solutions to make up for the lack of practice. This is supported by Versteeg and Kappe (2021), who showed that personal resilience, together with the support provided by higher education institutions, acted as protective factors against depression and academic stress in the Netherlands, partially mitigating the negative effects of isolation.

Specifically, students with a high level of resilience (e.g., time management skills, self-motivation capacity, social support networks) reported a better mental state and a more effective continuation of studies despite difficulties (Versteeg and Kappe, 2021). These findings underscore the importance of cultivating resilience—professional resilience in this case referring to the power of students to continue their preparation for their future career as a civil engineer, keeping their professional goals on track despite the obstacles encountered.

An aspect that deserves further exploration, complementary to the results of our study, is the impact of psychosocial factors on students’ academic engagement during times of crisis. The study conducted by Bondar et al. (2025) shows that, in severe medical contexts such as ischemic heart disease, gender differences play an important role in the manifestation of depression, and careful evaluation of psychosocial factors is essential for shaping effective interventions. Although our research focused on technical education during the pandemic, relevant parallels can be identified, especially regarding gender differences and the psychological effects experienced by students. Similarly, in higher education, stress, anxiety, and social isolation have influenced how students approached their professional development, affecting both their motivation and their perception of personal resilience. Therefore, we argue that integrating the psychosocial dimension into post-crisis educational policies is essential, particularly through psychological screening initiatives, differentiated emotional support, and gender-sensitive approaches.

According to the literature, students used various coping mechanisms: some adjusted their expectations and career plans to adapt to new economic realities (Deepthi and Exley, 2023), others sought alternative learning opportunities (additional online courses, personal projects) to compensate for practical gaps. The fact that some of our students have made concrete requests to the university for the improvement of online teaching activities (e.g., more frequent feedback, mentoring sessions, practical remedial classes) highlights both the psychological impact of the situation (the need for support and structure) and the potential for resilience—by expressing these needs, students become active actors in adjusting the educational environment to the crisis. We can therefore say that, although the pandemic has induced a mental health crisis among many students, it has also revealed their ability to adapt and grow post-traumaticly, marking important individual differences in the way they navigate difficulties (Aucejo et al., 2020; Baticulon et al., 2021).

One of the aspects most affected by the pandemic, also highlighted in our study (Goal O6), was international academic mobility. Only 28% of the surveyed students said they were willing to take advantage of a mobility opportunity (Erasmus type) in the conditions of the pandemic, most citing uncertainties and risks. This low percentage reflects the general trend observed globally: travel restrictions and health uncertainty have strongly discouraged academic travel. A study of more than 2,700 students in mainland China and Hong Kong showed that 84% were no longer interested in studying abroad after the COVID-19 crisis, indicating an unprecedented collapse in the appetite for international mobility (Mok et al., 2021). In fact, it is estimated that the pandemic has drastically reduced the flows of international students to traditional destination countries, with Western universities reporting substantial decreases in enrollment from abroad (Mok et al., 2021). For students in the construction field, the loss of access to mobility programs and international internships has also meant a decrease in exposure to global practices and diverse professional networks. Before the pandemic, 61% of our students benefited (directly or indirectly) from the university’s support for placements in companies (internships)—a proportion that decreased to 41% during the pandemic, according to respondents’ perceptions. This decrease correlates with the general difficulties of the labour market and public-private partnerships in the period under review. Other research confirms that the pandemic has severely disrupted internship and apprenticeship programs: in England, for example, massive disruptions to apprenticeships and postponement of employment plans for technical high school graduates have been reported, with many young people opting to extend their studies due to a lack of immediate employment opportunities (Deepthi and Exley, 2023). Thus, the decrease in mobility—both international academic and domestic on the labor market—had a direct impact on students’ practical professional development. The convergence with other studies is clear: the pandemic has reduced students’ ability to gain real practical experience (through physical laboratories, site visits, internships at construction companies), implicitly affecting their confidence in their practical training. However, there are also positive signals: for example, in the universities analyzed by Deepthi and Exley (2023), students demonstrated adaptability by adjusting aspirations—some chose to pursue local master’s programs or specialization courses instead of external mobility options, others temporarily oriented their careers towards related fields less affected by the crisis. This behavior indicates a form of professional resilience at the group level—students find alternative routes to continue their development, even when traditional paths (such as international experiences) are blocked.

An original contribution of our research lies in the analysis of how the practical, technical and entrepreneurial education components have been adapted (or affected) in the pandemic context. In the field of construction, practical training—laboratories, design projects, field work—is essential. The data obtained indicate that the university has managed to some extent to adapt the design and team management activities to the online environment (for example, by using specialized digital platforms for simulating technical projects), something noted by the students by the increase in participation in such activities during the pandemic (40% compared to 25% before, according to their opinions). This result aligns with the trend of pedagogical innovation forced by the pandemic: numerous initiatives to implement virtual laboratories and interactive simulation platforms have been reported internationally, aimed at compensating for the lack of access to physical equipment (Li and Liang, 2024). A recent meta-analysis (Li and Liang, 2024) demonstrates that virtual labs can significantly increase the motivation and engagement in learning of engineering students, constituting a valuable tool to maintain their interest and actively involve them even remotely. However, the same authors emphasize that the virtual cannot fully replace hands-on practical experience, recommending the conscious integration of virtual experiments with physical ones once conditions allow.

Our results confirm this need for balance: students acutely felt the lack of real practical applications, with 13.8% explicitly indicating “limiting the practical part” as a major change in education, and numerous qualitative comments expressing distrust in practical skills acquired exclusively online. Regarding the entrepreneurial component, our study reveals an interesting paradox. On the one hand, more than 60% of students recognized the fundamental importance of entrepreneurial training for their professional development (an idea also supported by the literature, which sees entrepreneurial skills as a strategic asset for future engineers—cf. Ratten and Jones, 2021). On the other hand, in the students’ perception, the hours dedicated to entrepreneurship decreased during the pandemic, with the university focusing primarily on basic technical subjects. This aspect reflects a divergence from students’ expectations and signals an area that requires increased attention. Ratten and Jones et al. (2021) argue that the pandemic should be seen as an opportunity to rethink entrepreneurship education, promoting innovative methods—for example, virtual business incubators, startup simulations or online consulting projects—to maintain the applied and experiential character of this discipline even in virtual environments. Such solutions could have been more integrated into construction programs; However, the constraints of the period limited the initiatives in the analyzed faculty, as indicated by the students’ perception. However, it is worth mentioning that the existence of a Student Entrepreneurial Society in the university (an initiative mentioned in our report) provided a formal framework through which students interested in entrepreneurship could access resources (webinars, online mentoring) even during the pandemic—an example of good practice that could be extended. Convergent with literature (Ratten and Jones, 2021; Secundo et al., 2021), our results suggest that forced digitization has catalyzed certain positive transformations (increasing students’ digital skills, familiarization with online collaborative work tools also used in industry), but also highlighted the areas where the curriculum needs to be adapted to achieve its objectives (especially the practical component and training of transversal skills, such as entrepreneurial ones).

Overall, our findings align with internationally reported trends on the impact of the pandemic on technical higher education, reinforcing the external validity of the study. Notable convergences occur in the area of difficulties: almost all studies reveal similar challenges—poor student-teacher interaction, low participation, mental fatigue, poor access to laboratory practice—suggesting a universal nature of these problems (Adnan and Anwar, 2020; Deepthi and Exley, 2023; Hendrick et al., 2023). Also, the negative psychological effects and the decrease in mobility appear as global constants, with the pandemic generating a globally synchronized educational shock (Mok et al., 2021; Aucejo et al., 2020). However, our study also brings elements of originality and nuance. First, the focus on construction students and the entrepreneurial dimension makes a new contribution: the literature so far has focused mainly on either the general student population or segments such as medicine (Baticulon et al., 2021; Abbasi et al., 2020) or educational sciences, with few detailed investigations into construction engineering specializations. Secondly, our study captured both quantitative and qualitative perspectives of students, allowing a more complex understanding of their feelings and suggestions—for example, the recommendations made by students for teachers (such as emphasis on virtual practical applications, more interactive communication, flexibility in assessment) provide valuable input that few other studies have documented directly from students. Compared to the literature, we also identified some divergences: unlike studies that reported an increase in dropout or dropout in a pandemic context (where students lost interest completely), in our sample the perceived dropout rate was not significant—most students continued their courses, showing frustration rather than total disengagement. This can be explained by the specifics of the construction field, where students are often motivated by the prospect of a stable career in engineering, which made them try to “resist” the difficult period with the end goal in mind. Another distinctive observation concerns online assessment: while in many contexts students challenged the fairness and effectiveness of online examination, the Malaysian study (Yong et al., 2022) paradoxically found a positive appreciation of online assessments for their ability to test critical thinking. In our case, the students did not explicitly mention this aspect, probably being more concerned about the lack of practice; However, this is a direction worth exploring (if online assessments have influenced their perception of learning).

From the present analysis, some essential recommendations emerge. On a practical level, technical education institutions should develop hybrid teaching strategies and academic continuity plans that mitigate the loss of practical applications in crisis situations. For example, universities can invest in developing virtual labs and simulators for engineering disciplines so that practical skills can also be practiced online (Li and Liang, 2024). At the same time, partnerships with the private sector can be extended to the digital area—for example, the organization of virtual internships or remote projects with construction companies, thus keeping students connected to industry practice even when physical presence is not possible. Another recommendation concerns the psychological and motivational support of students: universities should implement academic counseling and coaching programs to increase student resilience, facilitate collegial interaction (through online communities, virtual study groups), and develop mechanisms for early identification of students at risk of dropout or burnout (Versteeg and Kappe, 2021). In addition, it is necessary to adapt the entrepreneurial curriculum—teachers can introduce innovative methodologies (social entrepreneurship projects related to the pandemic context, virtual business plan competitions, etc.) to keep the practical and collaborative component of entrepreneurial education alive (Ratten and Jones, 2021). At a theoretical level, our study contributes to the literature by highlighting how a global crisis can amplify existing vulnerabilities in the education system (e.g., insufficiently digitized practical training) and generate new research directions. A first theoretical contribution is to emphasize the interdependence between academic involvement, psychological well-being and institutional support in times of disruption—a model that is worth investigating in future longitudinal studies in order to understand how these variables influence each other and how universities can intervene effectively.

Our results also challenge the concept of educational resilience: what makes some students thrive (e.g., improve their performance or find alternative solutions) while others stagnate or regress? The answer to this question has theoretical implications in the development of personalized support models and in the integration of Self-Determination theory (which links the satisfaction of relational needs, competence and autonomy to engagement—cf. Hendrick et al., 2023) in the design of educational programs. Last but not least, the study also raises the issue of equity in education: students from rural areas or with limited material resources were probably more severely affected by the online transition. Post-pandemic literature insists on accentuating inequalities (Aucejo et al., 2020), which theoretically suggests the need to include the educational justice perspective in any future analysis of university resilience to crises. In conclusion, the present research not only provides a critical x-ray of the impact of the pandemic on construction students, but also provides a set of lessons learned. The convergence found with other studies reinforces the validity of the observations, and the divergences and particularities highlighted underline the original contribution made: that of integrating multiple dimensions—from practical and entrepreneurial training to the emotional state and future plans of students—in a coherent discussion about the resilience of technical education in a context of global crisis. In the long term, the implementation of the recommendations derived from this can lead to strengthening the preparation of institutions for future disruptions and to the development of a more resilient, inclusive and student-oriented academic environment, ensuring the continuity of the training of competent specialists even in difficult times.



6 Limitations

Despite the significant contributions of this study, there are several limitations that need to be considered. A first aspect is the fact that the research was carried out on a small sample of students from Romania, which makes the results specific to this educational and cultural context. Thus, generalizing the conclusions to other countries or regions, with different education systems, could be problematic, especially given that access to technology and educational resources varies significantly between different countries.

Another significant limitation of the study is that the data was collected in a relatively short period of time, immediately after the start of the pandemic and the rapid transition to online education. This means that the long-term impact of the pandemic on technical education and student vocational training has not been fully captured. The long-term impact on students’ skills and careers, as well as their evolution in the labour market, would require longitudinal research to better understand the lingering effects.

In addition, the study was based on respondents’ self-reporting, which inevitably introduces some subjective bias. Although students provided valuable information about their experiences with online education and the difficulties they encountered, their perceptions may have been influenced by emotional or circumstantial factors, such as pandemic-related stress or lack of adequate resources for learning. Thus, there is a risk that some answers do not fully reflect the objective reality of the situation.

Finally, the study did not include a comparison between students from different regions of the country or between higher education institutions with varied educational resources and policies. In a diversified national educational context, students from less advantaged backgrounds or from universities with limited resources may have experienced much greater challenges. A comparative approach would have provided a more comprehensive perspective on the unequal impact of the pandemic and could have highlighted the specific needs of different groups of students.



7 Conclusion

The present study highlighted the significant impact of the COVID-19 pandemic on technical education in the field of construction, highlighting both the challenges faced by students and the adaptations needed to cope with this global crisis. Specifically, the results of the research showed a decrease in academic engagement and student satisfaction with online education, mainly due to the loss of practical experience and direct interaction with teachers. These findings are in line with the global trends observed in the literature, but also bring original contributions through the specific approach of the field of construction, a technical sector with particular requirements in terms of practical training.

Another important aspect identified in the study is the professional resilience of the students, who, despite the difficulties encountered, continued to pursue their studies and look for alternative solutions to improve their professional skills. This suggests a notable ability of the younger generations to adapt, even in the face of challenging educational conditions. However, an urgent need for psychological and pedagogical support was also highlighted, with students expressing a great interest in mentoring sessions and additional feedback from teachers. Thus, universities should invest more in the emotional and academic support of students, to support their adaptation to online education in the long term.

Our study also revealed a significant decrease in international mobility, an essential factor in the development of professional skills of students in the field of construction. Academic mobility has been heavily affected by travel restrictions, and many students have not had access to international internships, thus limiting their opportunities for experiential learning. In this context, we recommend that universities explore more virtual mobility options and encourage international online collaborations to make up for this loss. These measures could help enrich the educational experience of construction students, even in the face of global crises.

In conclusion, the COVID-19 pandemic has had a significant impact on technical and vocational education, and our study provides clear evidence of how education systems can respond to the challenges posed by such crises. However, it is essential for educational institutions to rethink their pedagogical approaches, improve the integration of technologies in education and support the development of students’ transversal competences, such as professional resilience and adaptability in the face of change. Only by investing in continuous teacher training, improving digital infrastructure and creating a holistic support framework for students can technical education become more resilient and better prepared for future challenges.
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