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Foreword

It is a pleasure to present the proceedings from the International Research Symposium on PBL (IRSPBL2021), organised
by the Aalborg UNESCO centre for PBL in Engineering Science and Sustainability. The IRSPBL has moved around the world
to Australia, the United Kingdom, Malaysia, Spain, Colombia, China, and India.

Twelve years after the first symposium, it was our intention to return home and organise the IRSPBL 2020 in conjunction
with the PAN-PBL annual conference, the PBL 2020. However, due to COVID 19 pandemic both conferences has been
postponed for the summer of 2021, where Aalborg University is hosting an entire week dedicated to PBL, the Aalborg
PBL Week 2021 (August 15-20, 2021).

Even though much has been achieved during 2020 regarding vaccination and controlling the spread of COVID-19, we
are still forced in isolation and facing several waves of infection. This pandemic change the world, how we connect with
each other, and carry out our academic and professional activities. We live now in a “new normal” with digitalisation,
and facing social and environmental challenges. Presently, connectivity assumes new shapes and meanings; the aim of
IRSPBL has been to share experiences and research results on the transformation in engineering and science education
to be more project-organised, and problem-based learning, i.e., PBL.

Additionally, the amount of best practice and research has increased enormously all over the world. The need for change
has also increased during these years, from requests for engineers and scientist who are able to contribute to the solu-
tion to societal challenges, such as the UN’s Sustainable Development Goals and Digitalisation. Therefore, competencies
such as collaboration and leadership have to be learned in inter- and disciplinary contexts as well as in complex problem
solving for society, and with society.

The IRSPBL has always been proactive in bringing practitioners and researchers together, in creating communities and
enabling collaborations across world. For example, with postponement of IRSPBL 2020, we organised a series of online
events in the advent of IRSPBL 2021. We started with a kick-off seminar, entitled “PBL in a pandemic world”, on 18 Au-
gust 2020, followed by the Flipped IRSPBL 2020 webinar series, entitled “Moving towards a virtual PBL community” in
the fall of 2020. The Flipped IRSPBL 2020, run from October 2020 until March 2021, took the point of departure in the
IRSPBL 2020 contributions and provided the opportunity to keep the PBL community ‘connected’. The Flipped IRSPBL
2020 counted with more than 200 participants from 48 different countries and all regions of the world.

Research has also proven the value of PBL and the question is no longer if PBL works, it is now a question of which type
of PBL works for which learning purpose and outcome? The variation of PBL is crucial to look into, as projects for entre-
preneurship and innovation might need a type of organisation of the student learning process other than projects for
understanding the theoretical foundation of a discipline. There is a variation in the use and integration of digital tools for
the problem-solving process and the collaborative process. There is a variation in the educational cultures and adaptive-
ness for co-constructed and student-centred learning processes.

The IRSPBL 2021, the postponement of IRSPBL 2020, will be fully online and free of charge. The overall goals mentioned
above remain the same, and we have prepared an interactive, dynamic and comprehensive programme where, for ex-
ample:

e Conversations with world-renowned experts address trending topics in engineering education;

* Networking sessions aim to foster discussion and reflection among participants, including interaction with students;
* Interactive paper presentations provides our contributors the opportunity to share their work; and

* Young researchers show case their PhD studies, among other activities.

The IRSPBL 2021 has collected 21 contributions from 13 different countries, all compiled in this book. The contributions
cover a number of relevant topics: blended PBL environments and online learning; sustainability, creativity and inter-
disciplinarity; PBL implementation for professional competence development; assessment and management of change.

This book represents some of the newest results from research on PBL and best practice to inspire other practitioners
to innovate their teaching and learning activities. We hope that you will find the book useful and inspirational for your
future work.

The editors:
Aida Guerra,
Juebei Chen,
Maiken Winther,
Anette Kolmos,
Stine Randrup Nielsen
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Application of Project Based Learning in an Environmental
Engineering Programme

Hong Yang
University of Reading, Reading, RG6 6AB, UK, h.yang4@reading.ac.uk

Abstract

Project-based learning (PBL), a learning environment in which projects drive learning, has been increasingly
applied in educational programmes across various disciplines. In terms of Environmental Engineering
education, the primary pedagogy still remains “chalk and talk”, although many studies have confirmed its
inefficacy. In the last decade, project-based learning (PBL) has been increasingly used as an effective
learning method because it provides a pathway for engineering students to experience solving real-world
problems as engineers. This paper researches students’ learning experience and skill development in the
PBL in one module (Air Pollution) in an Environmental Engineering programme. Students were divided into
small teams working on the greenhouse gases (GHGs) (CO,, CHs and N2O) concentrations on one university
campus. With a certain level of supervision, students selected sampling sites, collected air samples,
conducted laboratory measurements, calculated GHGs concentrations and presented the group
presentations. A questionnaire survey was conducted to understand students’ learning experience and
feedback on the PBL. Semi-standardized interviews were employed to provide a micro-level view of the
students' study situations, and lessons and challenges. A majority of the students applauded the PBL for its
benefit of applying knowledge from lectures to field problems. In contrast to lecture-based learning,
students confirmed that their interest and confidence in environmental engineering had substantially
increased, together with the development of transferable skills, and understanding of teamwork and
engineers’ responsibilities. With the development of transnational education, further research is needed to
understand the learning experience of international students, particularly those whose studies are primarily
teacher-centred in their home countries.

Keywords: Project-based learning, environmental engineering, engineering education, group work,
employability skills

Type of contribution: PBL best practice
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1 Introduction

The main pedagogy in Environmental Engineering remains “chalk and talk”, although a large body of studies
have confirmed its ineffectiveness. Like many disciplines, the practical classes, including field sampling and
laboratory measurement, in Environmental Engineering are developed to complement material given in
lectures and offer students more experience, which will be essential in their future careers as engineers.
However, traditional practical classes have been criticised for their limited level of learning, as students are
often unclear regarding learning objectives and incapable of applying the knowledge gained from lectures
in the field. Furthermore, these practicals generally allow little space for creative thinking or
contextualisation, and they are typically a testing or confirmation of the theories delivered in lectures (Mc
Donnell et al., 2007).

In the last decade, project-based learning (PBL) has been progressively applied as an effective learning
approach in various engineering education programmes. However, its applications in Environmental
Engineering are still very limited. Similar to other disciplines, PBL may offer a path for environmental
engineering students to experience addressing real-world issues as engineers and develop various
employability skills (Moallem et al., 2019).

This practice study was motivated to start PBL projects regarding greenhouse gas emissions in an
Environmental Engineering programme. Two research questions guided the research:

1. How is the students’ learning experience during the PBL process?

2. To what extent does PBL improve students’ employability skill?

2 Literature review

2.1 Project-based learning

Domin (1999) summarized the procedure, approach, and outcome of four styles of teaching: expository,
inquiry, discovery and PBL (Table 1). In Environmental Engineering programmes, the most widely used one
is still the expository style.

Table 1: Procedure, approach, and outcome of different laboratory instruction styles (Domin, 1999)

Style Procedure Approach Outcome
Expository Given Deductive Predetermined
Inquiry Student Generated Inductive Undetermined
Discovery Given Inductive Predetermined
PBL Student Generated Deductive Predetermined

Unlike other learning styles, PBL is a learning environment in which projects drive learning. PBL is the
student-centred education method in which learners work in cooperatively teams to determine what they
need to study (Hmelo-Silver & Eberbach, 2012). With a certain level of supervision, learners have
ownership of the study process and they are mainly in charge of making decisions during the PBL (Guerra,
2017). As instructors, they act to facilitate the study process, instead of offering knowledge.

In addition to doing project, the ‘know why’ is profoundly pertaining to the problem/project design
methods used in the PBL (Holgaard et al., 2017). In order to better verify the approaches taken by
students, '’know why’ is indispensable in the PBL. Identifying and analysing the problems is an important
part of the PBL. It is important for the students to think about these problems within the context of the
learning programme and also from the personal situation and interest. By this means, students don’t simply
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construct or rebuild their own knowledge — it is a three-way loop study procedure, where “triple loop
learning is learning that opens inquiry into underlying whys” (Isaacs, 1993).

After continuous development and improvement, the effectiveness of PBL in education has been widely
reported. For example, some scholars have provided evidence on the advantages of the Aalborg University
PBL model relating to learners’ growth in teamwork skills, problem-solving skills, independent learning, and
leadership (Clausen & Andersson, 2019; Kolmos et al., 2009).

2.2 Project-based learning, sustainability, and Environmental Engineering programme

With rapid global change and a recent pandemic, engineers are not just anticipated to have scholastic
knowledge and technical abilities, but also to have practical experience and various capabilities, for
example, problem-solving abilities, teamwork abilities, and independent-study abilities (UNESCO, 2017). To
meet the increasing requirement of the future engineers, PBL has been developed into an indispensable
study approach to establish learner’ different capabilities. In PBL, learners are exposed to real and
complicated problems in their daily lives, and they obtain an opportunity to study and work like real
engineers in the future. In this process, learners build up useful experiences and construct a bridge to close
the divide between college and industry. Due to the advantage in training engineering students, the PBL
approach has been increasingly applied in engineering education (Chen et al., 2021).

Environmental Engineering programmes offer training in all aspects of the supply of safe drinking water,
the control of contamination, wastewater treatment, air quality control and waste management.
Environmental Engineering programmes are closely related to United Nations Sustainable Development
Goals (SDGs) (UN, 2021). SDGs aim to deal with the world’s most difficult challenges, such as global
warming, biodiversity loss, and air and water pollution. Education plays an important role in teaching the
public to be aware of the various SDG crises. Higher education, such as engineering programmes, has an
important role to play in training future workforces to mitigate or tackle these sustainability crises (Desha,
2013). For a better sustainability education, researchers have found that pedagogies that promote
cooperative problem-solving are essential (Segalas et al., 2010). In engineering education, Coral (2009) and
Guerra (2014) have suggested problem-based group projects teaching is one of the most effective
approaches to enhance the awareness and behaviour of sustainability. In addition, several researchers have
suggested the importance of system-thinking (Dowling et al., 2020) and trans-disciplinarity education
(Byrne & Mullally, 2016) in engineering education for sustainability, due to the complexity of the
sustainability challenge as laid out by the SDGs and increasing complexity of new technologies, such as Al
and 5G.

Despite the extensive application of PBL in engineering education, the application of PBL in Environmental
Engineering still remains in infancy. Requires et al. (2018) applied PBL in the Environmental Engineering
programme at the University of the Basque Country, Spain, and they found PBL was a very motivating
approach for the curricular development and attaining students’ study outcomes. Studying in small groups,
learners’ independent-learning skills have also been developed. However, it is still not clearly understood
for students’ learning experience and employability skills development in PBL process in the Environmental
Engineering programmes.

Taking the above into consideration, this study applied the PBL to an Environmental Engineering
programme at a British university. Studying in small groups, students conducted projects to explore
greenhouse gas emissions from the university campus. The questionnaire survey and interviews were
conducted to understand students’ learning experience and employability capability development.
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3 Methodology

3.1 Project implementation

The PBL projects were implemented by a group of 34 Year 3 Environmental Engineering students studying
for the Air Pollution module. Figure 1 shows the implementation of the projects. Because of the increasing
global attention on climate change, students proposed projects on greenhouse gas emission from the
university campus. Supervisors provided the necessary theories in lectures and made them readily
obtainable. In addition, supervisors provided an outline of the problems, which are related to the project
objectives. Students worked in small teams, searched and read relevant references, completed a literature
review, and developed a detailed group project plan. Referring to published work, students identified field
work and laboratory measurements and conducted a risk assessment of both field and laboratory work.
Students carried out some pilot field and laboratory work, and supervisors provided some feedback on the
preliminary results. If necessary, the original project plan might be revised before the formal start of the
project. Working in groups, students conducted field sampling and laboratory measurements. Based on the
group findings, each group presented a group presentation, and all students also submitted an individual
report.

Specifically, the main aim of the projects is to understand the greenhouse gas (GHGs) emissions from one
university campus. Students analysed the university campus map and identified five sites with possible
various levels of GHGs: 1. a classroom, 2. the university library, 3. a student hall, 4, sport ground, and 5.
near a lake (Figure 2). There are different kinds of GHGs. With guidance from supervisors, students focused
on three important gases: carbon dioxide (CO;), methane (CH.), and nitrous oxide (N,O). Air samples were
collected using a plastic syringe with a two-way stopcock. At each site, three samples were collected. CO,,
CH4 and N,O were analysed in the laboratory using an Agilent 7890 B Gas Chromatography with Flame
lonisation Detector (FID) and Electronic Capture Detector (ECD) (Yang et al., 2015).

Project title

[

Literature review on
Develop project plan field and laboratory
methods

Carry out project risk
assessment

Review and revise
project plan S
icitdne 2 craiony Collectdata
work

Report project
findings

Deliver group
presentationand
write individual report

Figure 1: Implementation of project based learning (PBL) in an Environmental Engineering Programme
(After Mc Donnell et al., 2007)
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Sitel

Figure 2: Sites for collecting air samples on one university campus. (1) Classroom, (2) Library, (3) Student hall, (4)
Sport ground, and (5) Near a lake. The map is from Google Earth.

On completion of projects, each team was required to give a 15-minute group presentation, a graded
coursework weighting of 20%. The key criteria searched for were capability in analysing data, presenting
their team findings, together with the ability to respond to questions. In addition, each student will submit
an individual report, with an assessment weight of 80%. The supervisors looked for the evidence that
students had conducted some research on the topic, correctly analysed the data, and clearly written the
report.

3.2 Survey of students’ learning experience and skill development in the PBL

To understand students’ learning experience and skill development in the PBL process, a questionnaire
survey was conducted. Semi-standardized interviews were also employed to provide a micro-level view of
the students' learning experience and skill development during the PBL process. A total of seven students
were interviewed to explore their learning experience during the PBL period. To analyse the interview data,
this study applied a qualitative thematic analysis method, characterised by small sample size, abundant
data analysis and a focus on transferability instead of generalizability (Braun & Clarke, 2012).

4 Results

4.1 Greenhouse gas emissions from one university campus

Students worked in groups and collected air samples from five sites on the university campus using plastic
syringes with two-way stopcocks (Figure 3) and measured the GHGs concentrations in the laboratory. The
results indicated higher GHGs concentrations on the campus than the global averages (Table 2). There is
large variation in CO,, while much smaller variations in CHs and N>O on the campus. The coefficients of
variation in CO,, CHs and N,O between the five sites were 39.31%, 10.12% and 9.38%, respectively (Table 2).
Specially, the indoor environment (classroom, library, and student hall) had much higher CO, concentration,
with a mean of 703.63 ppm, than outdoor environment (sport ground and lake), with an average of 427.60

ppm.
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(A) (B)

Figure 3. Students collected air samples in a classroom (A) and near a lake (B) using plastic syringes with
two-way stopcocks.

Table 2. Concentrations of greenhouse gases (ppm) on one university campus.

Sites CO2 CHa \P10)
Classroom 557.84 2.387 0.416
Library 531.45 2.359 0.430
Student hall 1021.61 2.454 0.458
Sport ground 368.01 2.321 0.420
Whiteknights Lake 443.91 2.660 0.420
Global average 411.29 1.872 0.332

4.2 Questionnaire Results

According to the questionnaire survey results, more than 90% students agreed that the PBL inspired them
to learn more about the module (Figure 4). 98% of students definitely agreed that this module was
designed in a way to help them learn. 96% of students definitely agreed that the teaching method, PBL,
helped to create a sense of belonging within the module cohort. 98% of students definitely agreed that
there were adequate opportunities to interact with other students on the module. Students’ competencies
have been developed significantly during the PBL process. In particular, 92% of the students definitely
agreed that this module enabled them to develop their abilities as independent learners.

100

80
60
40
20

0

This module enabled  This module was Teaching method There were adequate

Percentage

me to developmy  designed in a way helped to create a opportunities to
abilities as an that helped meto  sense of belonging interact with other
independent learner learn with the module students on the
cohort module

Figure 4. Percentages of students definitely agree with the evaluations of the module.
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4.3 Interview Results

In order to make interview results more visible, the words that are most used throughout the interviews
were counted and the most repeated words were applied to create a word cloud (Figure 5). Project, group,
students, and together were mentioned very frequently by the interviewees.

Figure 5. A word cloud extracted from interview transcripts.

4.3.1 Students enjoyed PBL

Similar to the questionnaire results, PBL has received positive feedback from interviewees. Students
enjoyed the PBL and started the projects very quickly, as exemplified by one student:

| think the students in our group have been very active in the project. After the instructor introduced the
project-based learning, we immediately discussed it. Well, that's very great.

Unlike the traditional teaching of “chalk and talk”, the PBL gave students the opportunity to get to know
each other and work on the same project. This was echoed by many students, as exemplified by the
following comment:

It is harder to interact with classmates in other modules, but the group projects mean you can speak with
new people you don't know before.

4.3.2 PBL linked knowledge with practice

In the PBL, the fundamental change of students’ learning is the chance to connect theories to practice.
Traditionally, theoretical knowledge was generally obtained from lectures. When learners carried out PBL,
they were immersed in these real-world problems and learned and worked in small teams. This real-life link
is @ means to perform professional training, i.e. engineering training. In addition, learners were trained to
be independent learners and more responsible for their projects. More importantly, once again, the PBL
gave students an opportunity to apply the knowledge they learned to various projects. For instance, one
student stated:

I know about the knowledge of climate change and global warming, but | have not yet noticed the CO,
emissions from our university campus. These projects gave me an opportunity to apply what | learned in
practice, in the real environment around me.
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4.3.3 PBL developed multiple skills

Working on the same project, students need to communicate with other team members, collaborate with

others, develop their sampling methods and laboratory measurement skills, and conduct all work within a

limited period. Different from the traditional learning approaches, students have more opportunities to

establish their abilities through the PBL process. Students addressed their growth of teamwork skills,

communication skills, problem-solving skills, and time management skills. With the development of

teamwork skills, students were proud of the achievement of group work, as exemplified by one student:
Because we all contributed to the process, it showed the efforts we made together.

During the teamwork, students learned from their team members. For example, one student began to think
about air pollution from different angles:
Group projects can expand your thinking in many ways. For example, | might think about how air
pollution is produced, but other students either think about the details from another point of
view. ......For me, it broadens my knowledge. ...... It complements my shortcomings.

5 Discussion

The student-led projects were successfully conducted on one university campus. The results indicate higher
greenhouse gas emissions from the university campus. In addition, CO, indoors is higher than outdoors,
and the similar phenomena has been observed in other places (Lee & Chang, 2000).

Same to many studies (Kolmos et al., 2019; Prosser & Sze, 2014; Schwartz et al., 2001), this research shows
students welcome the PBL and their comments on PBL are generally positive. In terms of the students’ PBL
learning experience, most students liked the new form of learning. Due to the strong interest in the
projects which were originally proposed by students in small groups, students were very active and started
the projects without any further waiting. This has been confirmed by many interviewees. Through the PBL,
students in this Environmental Engineering programme knew more about their classmates, and even knew
some new classmates whom they had never met before. Employability skills have been essential for all
engineering education programmes. In this study, almost all interviewees have praised the PBL for its
importance in enhancing their team-work and communication skills. With the rapid development of new
knowledge and technology, engineering graduates should be lifelong learners. Therefore, it is essential to
train the engineering students to be independent learners during their time at the university. As shown in
Figure 1, more than 90% of students applauded PBL for the significance of improving their independent
learning skill. Similarly, a study at Taylor’s University suggested that the majority of students have improved
their employability skills, for example, team-working, analysing data, problem-solving, report writing,
presentation and time management, through PBL (Hsiung, 2019). Students also stated “It (PBL) was nice
working more closely with people from my class” (Mc Donnell et al., 2007). With a certain level of
supervision from instructors, students “learned to do more by themselves” (Mc Donnell et al., 2007). In PBL,
the opportunity to use various equipment to measure air quality excited students’ interests and made the
study process more engaging. Learning by carrying out projects also sustains learners’ deep learning, and
improved learning outcomes were widely reported (Kolmos et al., 2009; Schwartz et al., 2001).

To explore engineering identity, Godwin (2016) proposed a theoretical framework that included three
dimensions: performance, recognition and interests. The engineering identity was advanced via
collaboration with team members within the practice community. Due to the PBL’s advantages in linking
theories with practice, PBL can reduce the gap between universities and industries, enhancing learners’
study performance and future job performance. In the interviews, students have emphasized the
importance of linking knowledge with practice in PBL. In the teamwork on GHGs emissions from the
university campus, students have recognized the strengths of other team members and learned to
collaborate with each other. In the meantime, many students had become more interested in the Air
Pollution module and chose to do the related topics for their dissertations.
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With the rapid development of transnational education, an increasing number of international students are
studying in European universities (Yang, 2020). Some international students have not conducted any PBL in
their home universities. Scholars have found that cultural differences can cause some challenges for
international students’ PBL experience (Du & Hansen, 2005). A recent survey of six international students
found that the PBL is an effective way to develop their teamwork skills, communication skills, problem-
solving skills, emotion and time management skills, while these students have some difficulties in the
beginning of the PBL and more support is required (Chen et al., 2020).

Similar to many studies, there are some limitations in the current research. There are seven students in the
current interviews. In future studies, a larger sample size will further enhance our understanding of the
effect of PBL on Environmental Engineering students’ learning. As Chen et al. (2020) have pointed out the
study challenges of international students in the PBL process, more researches are needed to understand
the learning experience of overseas students, particularly those whose studies in home countries are
heavily in teacher-centred mode.

6 Conclusion

This practice paper presents an initiative to apply the PBL in the projects of greenhouse gas emission from
one university campus in an Environmental Engineering programme. The questionnaire and interview
survey results provide evidence to confirm that PBL can effectively relate the knowledge from lecture to
practice, including field sampling, laboratory measurement, analysing data, writing reports, and orally
presenting results. Because the projects were proposed by students working in small groups, most students
showed strong interest in actively conducting the projects with team members. While the majority of the
students enjoyed the PBL, students have emphasized the improved employability skills including team-work,
communication, data analysis, and presentation. Especially, more than 90% emphasized their enhanced
independent learning skills during the PBL. Further research could include challenges for international
students in the PBL and extra help or training for these students.
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In this book we present the contributions from the International
Research Symposium on PBL (IRSPBL2021), organised by the Aalborg
UNESCO centre for PBL in Engineering Science and Sustainability.

The IRSPBL 2021 has collected 21 contributions from 13 different
countries, all compiled in this book. The contributions cover a number
of relevant topics: blended PBL environments and online learning;
sustainability, creativity and interdisciplinarity; PBLimplementation for
professional competence development; assessment and management
of change.

This book represents some of the newest results from research on
PBL and best practice to inspire other practitioners to innovate their
teaching and learning activities. We hope that you will find the book
useful and inspirational for your future work.
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