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Abstract

This paper discusses collaboration between teachers in project-based learning (PBL) environments in the engineering
context. PBL is a challenging active learning methodology, not only for students but also for teachers. Challenges for
teachers include, for example, the need to search for new knowledge demanded by the PBL project theme and the difficulty
of aligning their own disciplinary area with interdisciplinary areas in a project. PBL compromises common assumptions of
teachers, such as the considerable control over the classroom, reliance on their expert knowledge, predictable programmes
to teach, the course assessment, the individual work, among others, whereas, probably, the most challenging aspect of PBL
from a teacher perspective is teamwork of the teaching team. Teacher may well feel uncomfortable with sharing knowledge
and being exposed and/or assessed by their students and peers. At the same time, PBL requires teachers to think about
student achievement and success in first place instead of using more mono-disciplinary course based approach. In this
paper, the authors will present evidence through literature review and experience in PBL contexts that such collaboration
is highly recommended, if not mandatory, for the PBL success. The paper will also advocate that teacher collaboration is
important as an example for students to engage in collaboration.
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1 Introduction

Collaboration, teamwork and the development of shared tasks has always been a common practice amongst
higher education teachers. With the grown interest and implementation of student-centred learning
approaches (Gaebel et al., 2018) and multidisciplinary project approaches, especially within the Engineering
Education field (Guerra et al., 2017), the opportunity for greater teacher collaboration also arises.

Research on teacher collaboration in Engineering Education reveals a great number of different concepts which
refer to this same idea, for example, team teaching, co-teaching and collaborative teaching (Vesikivi et al.,
2019). According to these authors, team teaching can be defined as two or more teachers planning, instructing
and evaluating the learning of a single group of students; co-teaching refers to two or more teachers
instructing a multidisciplinary student team in the same classroom; and, collaborative teaching emphasising
teacher collaboration and co-operative teaching is used. However, despite the number of teachers involved
and their role in the teaching and learning process, these authors argue that “the definition of team teaching
should be based on the pedagogical approach and grounded in learning theory” (Vesikivi et al., 2019).

The active learning methodology known as Project-Based Learning (PBL) involves students actively in their own
learning. In this context, students, working in teams, must carry out a project to solve a large-scale complex
open-ended problem, through a long period of time (Powell & Weenk, 2003). To support this development,
teams have the support of their teachers and the knowledge and skills acquired from the courses. This means
teachers must plan, work and collaborate with each other and discuss about education issues across boundaries
to help teams in this endeavour (Powell, 1999). According to this same author, PBL requires teamwork for
tutors, teachers, administrators and integration over the traditional subject boundaries, what could be
considered a disadvantage of the PBL.
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Having higher education teachers work together seems to have many advantages, but could be rather
challenging, if they are not used to do so. The objective of this paper is to explore the difficulties that teachers
face by presenting a literature review about the importance of teacher collaboration, its benefits and difficulties
on this. Also, the authors illustrate the findings from the literature with experiences from their own learning
process as teachers working in teams.

After this brief introduction, section two presents a brief literature review about team teaching in Higher
Education. Section three describes the research methodology followed to achieve results. The results are
presented and discussed on section four, which is organized based on the overall results and evidence from
PBL practitioners’ experience. The last section of the paper presents the conclusions and final remarks.

2 Team Teaching in Higher Education

Team teaching is not a phenomenon that is exclusive for engineering education. When analysing 177
publications on team teaching in SCOPUS, of which 117 (66.7%) are articles, 33 (18.6%) are conference papers
and 22 are book chapters (12.4%) using ALL ("higher education") AND TITLE-ABS-KEY (“"team teaching”))
PUBYEAR > 2009 AND (LIMIT-TO (LANGUAGE ,"English")) most are actually from the social sciences, 52.6%,
followed by computer science (9.3%) and engineering (9.0%). Figure 1 presents some graphs retrieved from
Scopus with number of documents by year and country/territory.

United States | —
” Australia -
12 Canada |
" Finland |

Belgivm [N

8

Hong Kong NN
N South Africa [N
4 United Kingdom |
2
0

Documents

ian
Ireland [

2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 0 25 5 75 10 12,5 15 175 20 22,5 25 275 30 325

Year Documents

a) b)
Figure 1. Documents found in the search classified by: a) year; b) country/territory

Of the articles, conference papers and book chapters, 87 are focused on team teaching whereas the others
have a focus on approaches to teaching, forms of students learning or educational innovation in a broader
sense and do not focus specifically on team teaching. When looking at these in more detail, at the 87 papers,
the relative number of engineering papers is even lower, 6.1% (Figure 2).
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Figure 2. Documents by subject area

A single definition of team teaching was not found, but various authors refer to characteristics of team teaching
like Minett-Smith and Davis (2020) who refer to the involvement of two or more teachers, the degree of
interaction between the teachers, the resources they share and the interdependence between the teachers.



€+ 13

Liebel, Burden and Heldal (2017) do not provide a single definition either, but refer to the purpose of team
teaching, especially in an interdisciplinary context, where team teaching can be used for alignment of course
objectives. Their study shows the benefits of team teaching, like providing multiple explanations of the same
concepts which can be beneficial for student learning. Benefits are also acknowledged by Jones and Harris
(2012), who found that team teaching can be positive for both students and teachers, especially when having
uniform purposes and expectations and really working as a team. They also acknowledge the reflection on
teaching and assessment that team teaching can encourage, especially when mixing teaching assistants and
more experienced teachers. The authors have identified a number of requirements for team teaching to be
successful, like continuity in the team, a great deal of mutual trust and the absence of hierarchical relationships
within the team.

Vesikivia, Lakkalac, Holvikivid and Muukkonene (2019) also refer to team teaching as the effort of, at least, two
teachers and identify a number of challenges to overcome in their study at a Finnish university of applied
sciences. Teachers may fear a loss of autonomy when shifting to team teaching and face a lack of time when
planning and preparing team teaching efforts. The authors point out that this requires leadership that answers
the teacher concern. Team teaching is not always welcomed by every single team member, so institutional
support can help to overcome the challenges. Money and Coughlan (2016) show that benefits from a teacher
point of view do not necessarily coincide with the benefits as identified by students. The joint effort that can
result in a decreased workload for teachers may also result in duplicated and conflicting content for students.
In order to find out what the characteristics of team teaching mean for project-based learning, especially in an
engineering education context, the publications given above are explored more in detail.

3 Research methodology

This study uses a literature review (Miles & Huberman, 1994), to answer the following questions:

e What does the scientific literature say about teacher collaboration in Project-Based Learning (PBL) in
the context of Engineering Education?

o What are the reported benefits and difficulties of its use?

e What does evidence from the experience of PBL practitioners in Engineering Education reveal?

To answer the first two research question, a literature review was developed using the Scopus database. As the
theme is the teachers’ collaboration in PBL in an Engineering context, the keywords used were related to
Engineering education, Team teaching, Teacher collaboration and experience and Project-based Learning and
its acronym. The time-frame considered was last decade (since 2010) and sources chosen were journals,
conference papers and book chapters. The string used was:

e (ALL ("Engineering education") AND TITLE-ABS-KEY ("Team teaching") OR TITLE-ABS-KEY ("Teachers
collaboration") OR TITLE-ABS-KEY ("Teachers experience") AND TITLE-ABS-KEY ("PBL") OR TITLE-ABS-
KEY ("Project based learning")) AND PUBYEAR > 2009

The last research question focuses on evidence based on a literature review of publications of a team of PBL
practitioners connected to the first year of the Industrial Engineering and Management (IEM) degree program
of the University of Minho, Portugal.

4 Results and discussion

The results of the literature review are presented in two subsections: the first section presents an overall analysis
of the bibliometric results retrieved from the Scopus database search, supported by a summary of the main
findings based on the studies analysed; the second section, reports on findings based on the literature on the
PBL practitioners’ own experience.

4.1 Overall results
The search in Scopus database produced 22 results, according to the criteria mentioned previously in the
methodology section. The main descriptive statistics are reflected in the graphs of Figure 3a) and Figure 3b),
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that present, respectively, the documents by year and country. The year 2016 and 2019 are the years with more
publications. The United Stated and Finland are the countries that lead the publications in this research topic.
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Figure 3. Documents found in the search classified by: a) year; b) country/territory

Other descriptive statistics are the documents by year and country reflected in the graphs of Figure 4a) and
Figure 4b), respectively. Regarding the type of documents published, the majority are part of conference
proceedings (63.6%), followed by articles (31.8%) and very few are book chapters (4.5%). The main three subject
areas of the publications are Social Sciences (48.8%), Engineering (26.8%) and Computer Sciences (17.1%).
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Four papers were excluded from the analysis as one paper was not in English and the full text of three papers
was not accessible to the authors, leaving a total of 18 papers to be analysed in detail of which content wise
only 9 papers were considered relevant for this study and its research questions. The identification of these
papers is provided in Table 1, as well as a short description of the main benefits and difficulties or requests or
recommendations of/for teachers’ collaboration in PBL context.

Table 1. Benefits and challenges of team teaching according to teachers in PBL experiences
Features of PBL

Reference Benefits Challenges
(Singh- o catalyst for pre-service teachers’ awareness of their role as e need for kindness and respect for others, forming
Pillay, agents of change; relationships, care about others, make good decisions,
2020) e collaborative reciprocal learning; behave ethically, avoid negative behaviour and

e promotes deep thinking about actions; overcoming biases;

o helps to break stereotypes and allows teachers to belief in e powerful and transformative nature of PBL, in terms of

the good of others; shifting existing frames of references;
e positive feelings toward group members and developed e need to be conscious of their roles as agents of change

collegial relationships; in the communities they worked in.
e provided teachers with the skills needed to successfully

manage life tasks such as identifying anxieties, labelling

emotions, learning in groups, teamwork, awareness of

themselves and others

(Vesikivi et e opportunity to develop their teaching skills e expense of losing at least some of the teacher autonomy;
al, 2019) e helps teachers in forming a holistic understanding of subject e requires development of teamwork skills;
matters and their relations. e loss of autonomy and getting enough time and resources

for planning the courses;
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e sharing positive experiences with more reluctant colleagues
hopefully encourages the sceptics to try out the new
practices and start applying them

e when teachers feel the new pedagogical approach and team
teaching as rewarding experiences, they feel less concerned
or apprehensive towards the educational reform.

e learning facilitated by a group of teachers engaged in team
teaching;

shared experiences of collaborative approach at various
stages of the course evolution, the need for it, the
methodologies used and their benefits;

opportunity to explore beyond the disciplinary boundaries
and innovate in multi-disciplinary space;

using the experience gained in this course in designing and
delivering their courses in their respective departments;
means for providing students with the skills they need;

way to enhance the teacher’'s own professional development.
getting an opportunity to acquire knowledge from their
colleagues belonging to different engineering disciplines and
students receiving feedback from multi-disciplinary
perspectives that has led to improvements in their course
projects.

e collaboration with the colleagues from the departments;

e provide opportunities for generating ideas for projects of
senior engineering students;

e teachers from different departments could act as co-
facilitators of teams of students or as "customers";

e selection of practically oriented projects, which
simultaneously helps to solve pedagogical tasks as
contextualisation of the learning process;

e encouragement of students to participate in applied design
and scientific research;

e urgent university organisational tasks, namely, updating and
upgrading of laboratory equipment;

e use of advanced software allowing to smooth over the lag of
technical equipment of Ukrainian engineering departments
and, in future, will lead to the full-grown using of emerging
technologies.

einterdisciplinary aspect may be achieved through
engagement in project-based learning (PBL);

eshared purpose and a framework and guidelines to support
teachers’ planning;

evalue of shared decision-making and leadership.

e collaboration has helped to students in their Final Degree
Projects completion, which has also established a solid
collaboration among teachers involved;

e collaboration helps the teachers involved to consider
modifications in the subjects which they teach to find a
better relationship between them within the curricula;

e better understand the internal functioning of each one;

e useful to involve more professors of other subjects in future
projects;

e greater the number of teachers involved, the greater the
teaching capacity will be for future students who become
involved in large-scale projects.

e relationship between professors from different areas can also
help to reorient some contents of the subjects, to make them
more practical and to relate them among themselves;

e more attractive and reduce the workload of the students
involvement of a larger number of teachers will facilitate the

f
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¢ all levels of management are fully behind the idea and
actively drive the implementation.

e team of faculty members from diverse engineering
disciplines;

e team of course instructors with different disciplinary
background;

e practise of team review is followed in all course project
reviews;

e multi-disciplinary skills in the delivery team of instructors;

e team members brought disciplinary knowledge to the
team, however, none of the team members had all the
competencies and skills required to deliver the course;
faculty members needed common understanding of few
of the engineering concepts.

e teachers need to be ready to be facilitators of student
teams;

eneed to be ready to collaborate with colleagues from
other departments as co-facilitators of student projects
regardless of project themes;

e academic staff must be open to new educational
initiatives fostering the implementation of student
projects;

e difficulties was related to administrative and
organisational issues;

e workload of teachers from different departments.

e need for supportive relationships that take into
consideration professional and personal issues;

eneed for open forms of communication that reflect trust,
support and respect;

e use of social media to support communication and
collaboration;

e guidelines and rules established in advance by team
members.

10
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fundraising of the departments, the school and the
university.

e better learning results and enlarge teachers’ know-how.

e team-teaching and project based learning (PBL) give

e more opportunities to develop industrial cooperation and

e student satisfaction factor has raised

e total number of credit points students have completed
annually.

e working together is nice and fun;

e makes easier for students to get a professional job after
graduation

every instructive;

e not bored;

e evaluation is worth to complete together in the teacher team

if possible;
e problem solving together makes it easier;
e better completion percentage;
e continuous learning;

3 positive view of PBL as a learning approach

e student motivation and engagement

e better understanding of the application of concepts in real-
life situations, as important outcomes of the project for
students

« highlight the importance of the development of transversal
skills by students throughout the project

e higher collaborative work between teachers from different
departments and schools

e projects enable solutions that involve very specific and
complex aspects of courses that cannot be explored in
classes;

einvolves teachers in the reflection of their own practices,
promoting changes in course design and planning;

e recognition of PBL as a suitable methodology to better
prepare engineers.

Teacher collaboration was beneficial for students for several

reasons: e.g.,

e students saw one model of professional collaboration,

estudents received feedback and guidance from multiple
teachers, and the

e progress of students’ project work was better taken into
account in teaching when all teachers were aware of the
situation and were able to negotiate next steps together on
the fly.

Team teaching was evaluated mainly as a

e positive experience;

every impressive and rewarding for them to finally see “what
engineers really do”;

e participate in authentic project work practices;

einteresting and useful to see other teachers' teaching
methods;

ediscuss about pedagogical problems and solutions together;

elearned also more from the students in this new type of

modules than in previous courses, because collaboration with

them and presence in the classroom was more
comprehensive.

f
ALE,

e developing new curriculum based on PBL and piloting it
with different student groups and organizing learning by
teacher teams

emeaning of the preplanning phase is significant

o first time very challenging, repetition makes it easier

e everything to the master time table;

eplanning phase should be started as early as possible

e the joint assessment will support your own decisions;

e reviews takes some time from the “ancient” one-way;

electures in resource planning;

e the project team of students carry each other;

e suitable and accessible space is required for self-oriented
project workshops;

e physical location of the teacher team as close to
workshops as possible;

e teacher team located very close to each other to ensure
the open communication;

e the beginning is always difficult;

e new culture requires change in attitude, others are slower
than the others;

e project management and teamwork skills are required

e higher workload for teachers due to formative activities
and milestones to give feedback, beyond the classes;

e greater difficulties for students who usually have trouble
in finding and selecting proper bibliography and need
extra support from teachers;

e course could require adjustments every year, according
to the project;

einstruct and better prepare teachers, to provide more
resources (e.g. project rooms);

e pedagogical support and training (e.g. educational
researchers) for teachers to develop active learning
activities;

e consumes scarce resources of the department;

eimportant to motivate teachers about these new
methodologies in order to all be in synergy and reduce
the time it takes to ‘convince’ the disbelievers.

1) Organizational setup related concerns:

e all teachers on a shared course should participate in the
design process from the very beginning to the very end.

e very challenging in practice to deploy multidisciplinary
courses that involve teachers and students from majors
in different organizational units.

e hard to find a single person who would be responsible
for the guidance of individual students in the course.

2) Training and motivation related concerns:

e team teaching was considered to be a major change in
the way teaching is conducted;

e change in the teacher’s way of working.

e time allocation for course planning

e having multiple teachers on the same course makes
planning challenging as even just finding a common time
for a design session may prove out to be almost
impossible.

emean more work for the same amount of allocated work
hours as it is possible that too few hours are allocated for
course design.

e deterioration of motivation to develop team teaching.

3) Curriculum design related concerns:

e free riders among students are always an issue;

e effect of team teaching to accumulated competence and
knowledge of graduates.

11
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e common understanding of pedagogical targets is a
prerequisite for a successful course;

eadoption of new way of teaching will require
considerable amount of time.

eintegration of topics on a team teaching course should
be much tighter than was achieved at present. courses
may end up being too patchy.

4) Resources related concerns:

e lack of resource hours for planning a team teaching
course.

e planning of such course would take more time and
energy than planning a traditional course with one topic
area and a single teacher.

e scheduling of topics on a course may be challenging as
teachers usually have multiple on-going courses;

e allocation of adequate time for planning the courses is
important;

eshould be some best practices for creating and
empowering the teacher teams. We

eshould find ways to ensure the quality of learning as well
as ways to make the content integrated courses visible
and understandable also outside the university;

ehow much freedom an individual teacher has on a team
teaching course is important;

e decide related to decisions together and decisions an
individual teacher can make alone.

4.2 Evidence from PBL practitioners experience

The authors of this paper have been involved in the implementation of the PBL learning methodology in the
first year of Industrial Engineering and Management (IEM) program at the University of Minho for a more than
a decade, more precisely since 2004_2005. The project given to the students involves teachers from different
schools and departments, mainly from STEM fields (Calculus, Linear Algebra, General Chemistry, Algorithm and
Programming, Introduction to IEM and Integrated Project of IEM). In Alves et al. (2019a) more details of this
PBL are given. Teachers collaboration was also subject of some papers, namely: van Hattum-Janssen (2011),
Fernandes and Flores (2013), Fernandes et al (2014), Alves et al. (2016a) and Alves et al. (2016b) which
corroborates most of the results (benefits and difficulties) founded in the literature review. Main difficulties
were mainly related to the workload, deeply discussed in Alves et al. (2009) and Alves et al. (2019b), the
assessment model definition and the need to adjust the course contents.

In the 18 cohorts that this PBL was implemented, training more than 800 students, it involved almost 50 persons
as teachers (36), tutors (18) and research assistants (8). During the first fifteen cohorts, teachers also performed
the tutor role. Almost all of the persons involved are included in the coordination team, having a minimum of
12 members (six teachers, one for each course and six tutors). From year to year, the team members vary, just
the IEM team (normally two teachers, responsible for the Introduction to IEM course and Integrated Project)
was stable in the 18 cohorts.

This team diversification introduces an additional effort: to introduce the PBL learning methodology to the new
members (normally they do not know this methodology or are not accustomed with that). In charge of this
introduction is the coordinator that should explain all the process, phases, milestones, assessment model,
among others technical aspects. Most important are the soft aspects: to make the new member feel
comfortable with this methodology and working in a team. Some reactions were the scepticism at the
beginning but after some cohorts they just recognize the value of it. It is interesting to report that in one of
the last meetings of the current year, one teacher said: “I like working with this methodology, we are not alone!”

This collaboration is visible for the students that see this way of working as an example. In the current year,
due to the COVID-19, the coordinator was not available in the first session with the students (the most
important session) to present the PBL and the other IEM teacher had this role. Another visible aspect is when
all teachers are present in the oral presentations of the students, giving feedback to teams and providing

12
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opportunities for the reflection on the next steps of the project. Another example of extreme importance is the
extended tutorial that teachers participate together with the student teams. As sometimes the feedback of
each teacher can be contradictory, the extended tutorial is an exclusive meeting of each student team with all
the teachers, in order to listen to the doubts and difficulties that teams could have. Having all teachers in the
same room with each student team allows students to hear, understand and discuss teacher feedback.

5 Final remarks

Team teaching in project-based learning experiences in engineering education is a specific form of team
teaching in higher education. It shows a number of additional features that go beyond teaching and planning
for teaching and learning with two or more teachers. The benefits and challenges of this specific form of team
teaching are, therefore, also more elaborate. As can be seen in the first part of the literature review, teachers
in PBL need to facilitate learning activities from the start till the end of a project and need to be aware of the
learning processes of their students. This requires more communication and agreement within teaching teams
than the more traditional forms of instruction. The interdisciplinary nature of projects and the different role
that teachers in PBL teams have when supporting students also asks from teachers to be not only informed
about the expertise their colleagues have, but also the specific planning of content delivery and the
contribution of disciplinary areas to the final solutions proposed by the student teams needs to be in the centre
of their joint attention. The practical experiences as described in the second literature review of a specific
teaching team confirms this need for close collaboration and the initial resistance that team teaching can
provoke. Being part of a teaching team in an intensive method like PBL requires a strong involvement of all
team members and attention for the psychological, communication and organisational aspect that team
teaching asks in PBL asks from all team members. This extra commitment though, is, according to findings
from the literature and the experiences described by the authors’ team, compensated by the rewarding learning
experiences of both students as well as teachers.

Although the scope of the current study is limited due to the use of SCOPUS as the single database for the
literature review, the narrow definition of team teaching in the keywords and the focus on a single team of
practitioners for the second literature, this limited exploration already shows that the role of the teacher as a
team member in PBL is crucial to make the learning experience successful for students. Further exploration of
the literature on specific roles of teachers in team building, team organisation and management and team
communication is needed to get a better insight on how to optimise teaching teams for working with student
teams. An interesting idea for future work could be to carry out a structured survey on the students' perception
regarding the collaborative work of their teachers.
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