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PAPER

Project- and Research-Based Teaching  
in Civil Engineering

ABSTRACT
Research-based practical applications are becoming increasingly important in providing 
valuable solutions to the challenges facing the construction industry. In this paper, we pres-
ent a teaching concept that was implemented and evaluated in four courses, addressing the 
development of future-proof academic skills, particularly scientific working skills, in the field 
of civil engineering. The first evaluation results from a survey among the students who par-
ticipated in the four courses are presented on the extent to which project-based and research-
based learning promote domain competences, planning, and study skills. The results indicate 
that, especially in master’s degree courses, future skills are improved by paper-based learn-
ing. Additionally, student motivation increases due to the boost in creativity and group work 
facilitated by the teaching concept. On the other hand, the results suggest that guidelines 
are necessary to implement paper-based learning, especially in bachelor’s degree courses. 
Furthermore, it is crucial that future-proof academic skills are relevant for success in the 
practical working context.

KEYWORDS
future-proof academic skills, scientific working skills, study-based learning, student 
motivation, civil engineering

1	 INTRODUCTION

Innovations in university teaching are necessary to prepare university gradu-
ates for the future world of work, which is changing in the face of complex social 
challenges and digital transformation. “21st century” skills are required [1, 2], such 
as high analytical, social, and digital skills [3]. The German Science and Humanities 
Council calls for “future-proof academic skills profiles” in its recommendations for 
the future-proof design of studies and teaching [4]. However, teaching in civil engi-
neering is primarily characterized by the development of disciplinary knowledge 
and technical skills [5–7].
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In this article, we present a teaching concept that focuses on developing future-
proof academic skills, especially scientific skills (such as competencies for change 
management, innovation, critical thinking, and judgment), in the field of civil 
engineering. We also provide initial evaluation results addressing the question: 
To what extent does project- and study-based learning enhance domain competen-
cies and study skills?

1.1	 Development of research and teaching in civil engineering

Civil engineering is evolving through digitalization and the implementation of 
new project management techniques and innovative building approaches. It encom-
passes various specialized fields that demand diverse skills. For instance, structural 
engineering necessitates expertise in calculation methods and standardizations, 
while construction operations primarily require methodological skills for overseeing 
teams at construction sites, conflict resolution, and effective communication [6, 7]. 
Although specific skills are emphasized based on the field of study, it is essential to 
equip students with skills from various domains. Moreover, methodological skills 
such as communication, conflict resolution, scientific study methods, and teamwork 
are vital for professional success [8].

These methodological skills are becoming even more relevant due to current trends 
in the construction and real estate industries. There are two trends that are particularly 
important for the first author’s teaching and for which students need to be trained.

1.	 Development and application of new project management methods, such as 
lean construction or building information modeling (BIM): In construction 
projects, the various specialist disciplines, such as structural engineering, tech-
nical building services, architecture, facility management, and geotechnics, have 
to work together. New project management methods such as lean construction 
or integrated project delivery (IPD), as well as digital methods such as BIM or 
smart buildings, are leading to changes in communication between the special-
ist disciplines. Lean construction, for example, is a method that organizes the 
project with the respective planning and construction processes as work steps 
to achieve an optimal flow of processes, improve communication between those 
involved, and generate maximum customer benefit through a smooth planning 
and construction process [9, 10]. BIM is a methodology that uses digital building 
models and open data exchange formats to connect disciplines, enabling trans-
parent and lifecycle-oriented information exchange. [8, 9]. BIM is seen as one of 
the technologies that will have a major impact on the engineering profession [11].

2.	 A life-cycle-oriented view of the building is facilitated by the data exchange format, 
linking individual specialist disciplines together. This enables a transparent 
exchange of information throughout the life cycle [12, 13].

In addition to the use of new methods, there is an emphasis on considering the 
entire lifecycle of buildings. This includes not only the design and construction 
of buildings to save costs and energy but also the evaluation of costs and energy 
consumption over the entire lifecycle. The focus is on life cycle assessment (LCA) 
and life cycle costing (LCC). LCA aims to assess the environmental impact of a prod-
uct or process over its entire life cycle, while LCC determines the cost development 
throughout the entire life cycle [12]. These influences are illustrated in Figure 1.

https://online-journals.org/index.php/i-jep


iJEP | Vol. 14 No. 6 (2024)	 International Journal of Engineering Pedagogy (iJEP)	 25

Project- and Research-Based Teaching in Civil Engineering

BIM

Lean Further
methods 

Basic determination 

Dem
oli

tio
n Design

Constr.

Changes in the construction and
real estate industry

Necessary skills for civil
engineering

Operation

LCC
Smart

Buildings 

LCC

Fig. 1. Influences on civil engineering

The introduction of these new methods in professional practice necessitates the 
adoption of new teaching and learning approaches in civil engineering education. 
Consequently, new module content that aligns with these requirements is being 
incorporated into the curricula of civil engineering and related degree programs. 
Alongside the technical content covering lean construction, BIM, LCA, or LCC, there 
is also a need to cultivate methodological skills [13, 14].

In addition to analytical, social, and digital skills, a study-based approach is 
also very important in civil engineering, given the new types of problems that will 
arise in highly emergent practical contexts in the future (see also [4]). Research-
based learning in civil engineering no longer just means “testing, measuring, and 
designing building materials, products, structures, and processes in practical or real 
projects using the appropriate methods” [14], but also developing new approaches 
and methods from practice. Research and development are closely linked in civil 
engineering [15], and research skills are therefore an integral part of the professional 
competencies of civil engineers.

1.2	 Particularities of teaching civil engineering and future requirements

Thus, applied study is becoming more important in engineering education due to 
changes in professional practice. However, teaching and research in civil engineering 
have long been practice-oriented. This implies that study standards in teaching are 
not as high as in other subjects (e.g., economics or social sciences). However, the 
field of civil engineering is currently experiencing highly dynamic developments 
due to digital transformation, requirements for ecological sustainability, the need 
for cost-effective construction due to high interest rates, or skills shortages [16]. 
In this highly dynamic context, it becomes more important to develop solutions in a 
highly emergent practical context. Specifically, this means that study-based practical 
application becomes more important to find valuable solutions for the challenges of 
the construction industry. In a position paper in 2015, the German Federal Chamber 
of Engineers defined the required study skills for bachelor’s degree programs in 
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engineering as follows: Graduates should have the ability to conduct guided prac-
tical research and to compile and interpret empirical data using qualitative and 
quantitative methods [17].

In particular, the integration of practice, study, and development is a common 
practice in civil engineering. For student education, universities must incorporate 
study and development competencies. Teaching needs to be developed at the 
intersection of study and employability. Therefore, applied sciences are well-suited 
for this purpose. Students should be encouraged to view study and development as 
an essential component of their professional skills. These competencies include:

•	 Engaging in studies, such as literature reviews and online studies, and discussing 
the results within the realm of applied sciences.

•	 Developing a study and development design.
•	 communicate and present their knowledge by writing a paper and making 

presentations of the results.

This necessitates integrating the development of domain-specific skills with study 
and development skills in the civil engineering curriculum at universities to enhance 
sustainable employability through academic proficiency.

Against this background, a teaching concept was evaluated in the modules “Digital 
Technologies in the Life Cycle” and “Lifecycle Engineering” at the Cologne University 
of Applied Sciences (TH Köln). The concept aims to enhance methodological skills 
such as scientific work and teamwork.

In Part 2 of this paper, we will outline the teaching concept on which the module 
is based and then present the initial results in Part 3.

2	 TEACHING CONCEPT

The development of study- and work-related domain skills is typically considered 
separately in civil engineering education. In the authors’ experience, study skills are 
primarily taught through exercises on scientific work. In the modules outlined in this 
paper, inquiry-based teaching was employed as the fundamental teaching method to 
combine the acquisition of domain and study skills. Inquiry-based teaching involves 
a variety of teaching techniques that emphasize the creation of questions and the 
process of developing, testing, and evaluating explanations [18].

In the Bachelor module “Digital Design and Construction” and the Master mod-
ules “Life-cycle Engineering” and “Digital Technologies in the Buildings Lifecycle,” 
study-based learning was utilized as a teaching concept. In contrast, project-based 
learning was employed in the Bachelor module “Building Information Modeling.” 
These two learning approaches share close similarities in terms of the underlying 
didactic principles and the didactic-methodological approach [19]. However, study-
based learning focuses on the key objective of science or study, while project-based 
learning aims to connect with professional practice.

In study-based learning, students learn central concepts, theories, and methods of 
the domain by independently formulating study questions, searching for literature, 
developing and implementing study designs, and presenting the results in a suitable 
scientific format such as a paper or a presentation. Thus, the students actively 
engage in a complete study process [20]. According to Huber [18], in study-based 
learning, students can “co-design, experience, and reflect on the process of a study 
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project in its major phases—from the development of questions and hypotheses to 
the selection and application of methods to the review and presentation of results—
through autonomous work or active participation in a comprehensive project.”  
(p. 11). Therefore, study-based learning is one of the teaching approaches that empha-
sizes the social construction of knowledge and active student engagement. The 
extent to which study-based learning has found its place in engineering teaching is 
controversial. [21]. Places for research-based learning in engineering studies include 
seminars and laboratory exercises [19]. There is an extensive body of research and 
development on research-based learning in laboratories [20]. However, there are 
hardly any publications on research-based learning in the engineering sciences 
outside of engineering laboratories.

According to [22], the project-based learning approach is favored in engineering. 
In project-based learning, projects are at the center of student learning activities. 
Students learn central concepts, theories, and methods of the domain by work-
ing on work-related practical projects. The starting point for student project work 
can be a problem to be solved, a phenomenon to be investigated, or a model to be 
developed [18].

The first author, as the person in charge, has defined three different work assign-
ments for the modules. These were adapted to the previous modules and forms 
of learning in the curriculum and supplemented with specific skills for students 
that had not yet been taught in previous modules (e.g., scientific work, design 
thinking, study).

–	 Master modules “Lifecycle Engineering” and “Digital Technologies in the 
Buildings Lifecycle” (n = 37 students, master paper = MPa): The task of the master 
students was to write a paper on a given topic, in this case “Cost modelling over 
the building life cycle using digital technologies.” The paper was written during 
the semester and comprised 15 pages, including literature, in a predefined tem-
plate. At the end of the semester, a presentation of the results was held in addition 
to the submission.

–	 Bachelor module “Digital Construction and Design” (n = 186 students, 
Bachelor Paper = BPa): The task in this bachelor’s module was to produce 
a paper of between 3,500 and 4,500 characters on the topic of “Metaverse in 
the construction industry.” The results were presented as part of a World Café. 
Here, student groups presented their findings to other groups in short pitches 
(approximately. five minutes per group). Each group consisted of 10 students per 
session, allowing each student to listen to and discuss with nine other groups.

–	 Bachelor module “Building Information Modeling” (n = 64 students, Bachelor 
Project = BPr): The task here was the project-based creation, design, and calculation 
of a building using the BIM methodology in various software products. The final 
model with the calculations as files was submitted.

The modules are structured into a lecture and an exercise where the study project 
work is situated. The students collaborate in teams on the study projects. Throughout 
the semester, five phases of group work occur. Following a kick-off (phase 1) where 
the evaluation criteria of a good paper are discussed, a brainstorming session 
is held (phase 2). In this phase, students utilize mind maps and the 6-3-5 method 
(six people generate three ideas each in five rounds). In phase 3, students engage in 
group work on their papers. Tutorials on academic study and work are conducted 
during this phase. Additionally, students regularly present their ideas to the class. 
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Phase 4 involves a prereview, which is only carried out in two of the four courses. 
The final phase, phase 5, includes the final presentation, examination, and 
feedback session. These phases are illustrated in Figure 2.

Brainstorming for
finding a topic
(optional) 

Intermediate
Presentation

• Tutorials for scientific work
• Consultation hours (optional)
• Pitches of the ideas 

Peer-
Review
(optional)

Final
presentation 

• Mindmap
• 6-3-5-Method

Group work (free selection, 4 Persons) 

Kick-off:
Evaluation
Criteria of good
Papers (1 Week) 

3 Weeks 12 Weeks 1 Week 2 Week

Fig. 2. Phases during the semester

The central question addressed in this article is: To what extent do study- and 
project-based learning enhance domain and study skills? According to Bloom’s tax-
onomy of learning objectives, it is reasonable to assume that fostering higher-order 
competencies such as analysis, development, and evaluation also encompasses fun-
damental vocational skills. Bloom delineates six levels of proficiency, ranging from 
knowledge to evaluation, with evaluation representing the pinnacle of learning 
objectives [23]. Given the swift transformations in the AECO industry, individuals, 
including students and professionals, require the utmost levels of learning objectives, 
which can be facilitated through collaborative group work and paper-based learning.

3	 METHODOLOGY

Against the backdrop of changes in the construction industry, the study question 
focused on the extent to which study- and practice-related domain skills can be 
developed in one module. The focus was on integrating the two aspects within the 
framework of lectures and exercises. Additionally, we were interested in the impact 
of the selected teaching strategies on study motivation and factors contributing to 
effective collaboration in student groups, as these are key elements of the chosen 
teaching approach.

Four courses, which the main author taught over two semesters, were the 
subject of the teaching research project. In order to answer the question of this 
teaching research project, a quantitative survey was conducted at the end of the 
semester among the participating students. The quantitative survey was chosen 
as a method because it can support the hypotheses, enables direct assessment 
questions, and allows the students to give honest answers due to their anonymity. 
In total, 287 students participated in the courses: 250 in bachelor modules and 37 in 
master modules. The bachelor students were split into a paper-based module and 
a project-based module, while all master students wrote a paper in their courses. 
67 of the students answered the survey at the end of the semester. It took, on average, 
14 minutes to answer the questions. The survey was conducted anonymously online 
and included all 15 questions in four sub-questions. In our study, we chose a 5-point 
Likert scale as the response format, as it was shown that respondents perceive this 
as almost equidistant [24].
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4	 RESULTS

In this section of the paper, we present the results of four sub-questions aimed at 
evaluating the impact of inquiry-based learning.

–	 Factors for successful group work (Section 4.1)
–	 Influence of paper-based project work on remembering lecture content 

(Section 4.2)
–	 Influence of paper-based project work on soft skills (Section 4.3)
–	 Influence of paper-based and project-based group work on study motivation 

(Section 4.4)

These results are based on the survey that was conducted among the students 
who participated in the courses.

4.1	 Factors for successful research project work

The first category addressed the essential factors for successful project work. 
The results, depicted in Figure 3, indicate a strong consensus among various module 
methods. Specifically, the figure illustrates that clear requirements regarding scope, 
form, and structure are crucial for project success (MMPa = 4.3, MBPa = 4.13, MBPr = 3.9). 
It is noteworthy that only 3% of students consider this aspect unimportant, espe-
cially in concurring essays. Moreover, the importance of having sufficient time for 
project work during lectures and tutorials is emphasized, as students stress the need 
for ample time (MMPa = 4.4, MBPa = 4.1, MBPr = 4.4). The quantitative survey highlights 
that the support provided by lecturers during lectures and exercises is a key success 
factor for effective project work.
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Fig. 3. Answers to the question: How relevant do you think the following factors are for the project 
work (n = 67)
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However, it is also clear that the students want freedom, as there should be no 
stipulation of sources that can be used (MMPa = 3.1, MBPa = 3.5, MBPr = 3.2) or have to be 
used (MMPa = 2.7, MBPa = 2.9, MBPr = 2.5).

4.2	 Influence of paper-based project work on remembering lecture content

At the end of the semester, the students were asked how the project-based work 
improved their understanding of the scientific content as well as how the research-
based learning project increased their preparation for future jobs. The results are 
shown in Figure 4. It can be seen that soft skills, in particular, have been improved. 
The learning of methods for scientific work is enhanced by engaging in project-based 
work (MMPa = 4.3, MBPa = 3.7, MBPr = 3.4). However, there is a distinction between 
bachelor and master courses, with the group involved in the project having the low-
est mean value. Additionally, the development and exploration of ideas (MMPa = 2.7, 
MBPa = 2.9, MBPr = 2.5) and the understanding of scientific work (MMPa = 2.7, MBPa = 2.9, 
MBPr = 2.5) were increased through study-based learning.
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... apply lecture content
in a scientific context
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Fig. 4. Answers to the question: The project work helps me (n = 67)

On the other hand, it can be seen that the content of the lectures could not be 
remembered completely when compared to the aforementioned results (MMPa = 3.0, 
MBPa = 3.5, MBPr = 3.3). The discussion with the students revealed that the content of 
the other group works, the scientific content, and the content of their own group 
work were remembered. Furthermore, the motivation to delve into lecture con-
tent was not high. Particularly in the master’s course (MMPa = 3.0), the motivation to 
deepen the lecture content was even lower than in the bachelor courses (MBPa = 3.8, 
MBPr = 3.6). This might result from the fact that a test with lecture content was admin-
istered in the bachelor courses.

These results were supported by further answers from the students. The students 
were asked if the project helped them recall important terms and subjects from the 
courses. While the groups that wrote papers do not fully support that statement  
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(MMPa = 3.1, MBPa = 3.2), the group that worked on a BIM project supports the statement 
more (MBPr = 3.9). A similar result can be seen in the statement that the project makes 
it easier to have an overview of the course topic (MMPa = 3.2, MBPa = 3.3, MBPr = 3.9). On 
the other hand, paper writing supported the assessment of the quality of specialist 
articles on the topics, especially in the master’s course (MMPa = 4.2, MBPa = 3.9, MBPr = 3.1).  
The results are shown in Figure 5.
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Fig. 5. Answers to the question: How much do you agree with the following statements? The project makes 
it easier for me to (n = 67)

The aforementioned results show that paper-based project work does not fully 
support the understanding of the lecture content, while project-based work on 
the topic helps students better understand and deepen the lecture topics. On the 
other hand, these initial results indicate that the development of methods has been 
optimized.

4.3	 Influence of paper-based project work on soft skills

While the lecture content may not be fully retained and reinforced through 
paper-based project work, the soft and future skills of the students can be enhanced. 
This impact is particularly noticeable during the master’s courses.

•	 Organization: The students in the master’s course and the project-based bache-
lor’s course have stated that they are able to organize their work more effectively 
because of the project work (MMPa = 3.6, MBPr = 3.7). In contrast, the mean value for 
the paper-based bachelor course is lower (MBPa = 3.2).

•	 Presentations: Especially the paper-based master’s courses indicate that the 
course enables students to deliver better presentations (MMPa = 3.6) and exhibit 
more variation in their presentations (MMPa = 3.5). This is attributed to the multi-
ple presentations throughout the semester. The mean values for bachelor courses 
are lower than those for master’s courses in terms of delivering better presenta-
tions (MBPa = 3.0, MBPr = 3.0) and varying their presentations (MBPa = 2.7, MBPr = 2.5).

•	 Wording and phrasing: It can be stated that the paper-based group work enhances 
wording and phrasing better than other project work. However, there are clear 

https://online-journals.org/index.php/i-jep


	 32	 International Journal of Engineering Pedagogy (iJEP)	 iJEP | Vol. 14 No. 6 (2024)

Bartels and Stolz

differences between the paper-based master’s course and the bachelor’s course. 
While the master’s students reported that the project helped them formulate 
contributions more comprehensibly (MMPa = 3.5) and improved their ability to 
articulate their thoughts effectively (MMPa = 3.4), the bachelor’s students do not 
fully agree with these statements (MBPa = 2.8, MBPr = 2.7, and MBPa = 2.9, MBPr = 3.0, 
respectively).

The results are shown in Figure 6. Besides the aforementioned conspicuous fea-
tures, the results indicate a difference between master’s and bachelor’s courses. The 
paper-based work notably enhanced soft skills in the master’s courses.
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Fig. 6. Answers to the question: How much do you agree with the following statements?  
Thanks to the project (n = 67)

4.4	 Influence of paper-based and project-based group work on study 
motivation

Finally, the effects of paper-based and project-based group work on student moti-
vation were analyzed. While the results for the statements on participation in the 
respective groups in the different forms of group work are similar, there are clear 
differences in the effect on motivation for further study. These results are illustrated 
in Figure 7.

Especially in the master’s courses, the paper-based group work led to inspiration 
(MMPa = 4.1) and encouraged the students to continue their studies (MMPa = 4.2). In the 
bachelor’s courses, there are different results. The group work on the project moti-
vated (MBPa = 2.8, MBPr = 3.3) and inspired (MBPa = 2.7, MBPr = 3.5) the students more 
than the paper-based group work.
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Fig. 7. Answers to the question: How much do you agree with the following statements? (n = 67)

The discussions with the students revealed that this is primarily due to a certain 
overload in the implementation of the paper-based project. Since no scientific work 
had been done in the curriculum before, there was a skeptical expectation regarding 
scientific work.

5	 DISCUSSION

The skeptical attitude of students towards study-based learning is also evident 
in our survey results. Civil engineering students question the extent to which they 
require research skills for their work outside of university in civil engineering prac-
tice. It is essential to incorporate this question at the beginning of the module to 
showcase its importance. It may be beneficial to invite professionals and collaborate 
with them to illustrate what study activities in non-university practice entail.

In addition, a decision must be made as to whether research-based learning should 
already be applied to the bachelor’s degree or whether project-based work should 
form the core of the module. The results show that research-based learning contrib-
utes to the acquisition of subject-specific skills, particularly in the Master’s degree. 
This is due to the fact that an intensive examination of the topic takes place on the 
basis of professional and content-related experience. Nevertheless, it makes sense to 
dovetail the subject matter here. On the other hand, many more guidelines must be 
set for students; the basics of standards and guidelines must be taught and learned; 
and basic knowledge in general must be built up. This applies both to transdisci-
plinary group work and to subject-specific content. Therefore, the focus of the work 
in the bachelor’s modules should be more on teamwork and dealing with people, 
which is also made possible by study-based learning but also by project-based work.

In bachelor’s degree programs, there is a lack of motivation among students to 
exceed the traditional level of performance. This is partly because study-based learn-
ing is a relatively new form of education. Therefore, it is crucial, especially in the 
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bachelor’s program, to clearly outline the objectives and significance at the begin-
ning and to emphasize the development of future skills. Furthermore, establishing 
a strong connection between paper-based work and lectures is essential, particu-
larly in the bachelor’s degree program, which can be facilitated through methods 
such as the inverted classroom. Additionally, many bachelor’s students do not per-
ceive paper-based assignments as relevant to their future careers, as they tend to 
think in terms of conventional job roles (e.g., structural engineering or geotechnical 
engineering). It is imperative to highlight the importance of acquiring additional 
skills and to introduce them at the outset. Lastly, motivation for this new learning 
approach can be enhanced by progressively encouraging academic work through-
out the entire curriculum. Crafting more targeted questions that align closely with 
students’ interests can further boost motivation.

The results of the master’s degree courses indicate that students faced a specific 
time issue. This was attributed to the prolonged brainstorming phase caused by the 
broad topic. It is recommended to expedite topic definitions as much as possible by 
initiating brainstorming with focused (one-point) questions at the outset. This issue can 
be addressed by promptly assigning responsibilities and topics post-brainstorming. 
Alternatively, merging one with another course from the subsequent semester could 
provide extra time to delve into the study question. Furthermore, master’s students 
noted a high volume of project papers being completed in the winter semester, neces-
sitating coordination with instructors to encourage student engagement in the papers.

While the aforementioned aspects primarily pertain to the curriculum at TH 
Köln, the following aspects can serve as general guidelines for implementation:

1.	 A kick-off with explanations for academic writing is necessary. In particular, the 
requirements and goals of paper-based learning must be made clear. Students 
should learn to think independently and critically, as well as to develop innovative 
and novel concepts.

2.	 It is recommended that paper-based learning be integrated into the entire 
curriculum and gradually expanded throughout the respective semesters. 
Striking a balance between traditional examination-based learning and paper-
based learning is essential to sustaining student motivation.

3.	 Structures and ways of thinking must be created to facilitate paper-based learning. 
This includes, notably, establishing a standardized assessment framework for 
students’ work.

If the concept of paper-based learning is introduced at various universities, it 
can facilitate cross-university initiatives such as collaborative meetings, student 
workshops, and transdisciplinary learning.

6	 CONCLUSION AND FUTURE RESEARCH

The results show that study- and paper-based learning can lead to an improvement 
in learning outcomes and an increase in soft skills. As indicated by the results, certain 
prerequisites for the work must be taken into account. This is especially relevant for 
bachelor’s courses, where the fundamental basics of scientific work are still lacking.

The results will now be used to further develop the modules based on this infor-
mation and to align paper-based work with the lecture content. Results will be 
collected continuously to assess the optimizations’ impact on students and establish 
optimal learning conditions.
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Further study is needed on the intensity and structure of paper-based learning in 
education. Specifically, more study is required to understand the correlation between 
lecture content and the time spent on paper writing to determine the ideal balance 
between imparting specialized knowledge and soft skills. Consequently, additional mod-
ules in civil engineering and related disciplines should be analyzed to address this issue.

In addition, further study is needed to investigate how the use of paper-based 
learning impacts the digital and sustainable transformation of civil engineering 
and young academics. A comprehensive, long-term study should involve students, 
graduates, and employers to assess whether paper-based learning can enhance 
digital and sustainable transformation.
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