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Abstract

The evolution of learning in higher education is nowadays evident. Several discussions
and studies have been performed about new methodologies that can disrupt the way
the classes are taught in universities. In this context, Project-Based Learning (PBL) is
the most emphasized.

In the Mechanical Engineering course at the University of Minho (UM), the
Integration Project (IP) courses apply a PBL methodology, being these classes the differ-
entiating element of the Integrated Master in Mechanical Engineering (IMME) compared
with other Portuguese universities. However, even if the innovative aspect of this
approach is recognized nationally, the opinions between students and Professors,
about the structure and organization of this class, are still divided. In that sense, this
work presents a new proposal for the IP courses in which the opinion of students
and successful models implemented in international universities are considered. This
study analyses the best PBL methodologies implemented in Engineering courses and pre-
sents a PBL model actually implemented at the IMME. This information is combined with
the student’s views obtained from a survey conducted at the Department of Mechanical
Engineering (DEM), regarding the actual PBL model. Through this study, a new proposal
for the IP courses is presented. This proposal intends to provide an effective answer to
the necessity of the students, using successful tools and methodologies to improve the
teaching and learning process in the IMME course.

Through this proposal, it is expected to increase the learning process and motivation
of the students making them better prepared for a productive profession.
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Introduction

Engineering education has been facing important challenges, mainly related to the differ-
ent skills required to be an engineer of the 21st century. According to Nasr,' nowadays,
an engineer must integrate different scientific areas with technology to solve problems
never addressed before. An engineer must be a source of technical knowledge, as well
as a good communicator, manager, a leader, always having in mind ethical, economic,
social, and cultural aspects.z’3 In that sense, universities across the world are under
increasing pressure to provide the industry with high qualified work-ready graduates,
leading to the necessity to reorganize the engineering curricula, to be able to face the
pedagogical challenges imposed by society.*”

According to Mills and Treagust® and Li et al.,” graduates, who received high-quality
teaching, are more likely to be adaptable, assured, courageous in openness to new ideas,
curious enough to seek new solutions and opportunities, innovative and entrepreneurial.
These conclusions support the fact that the quality of the learning is essentially due to the
teaching quality, being the traditional lecture-based teaching, particularly in subjects such
as engineering, no longer suitable to provide all the professional skills needed by contem-
porary graduates.8 Furthermore, Terrén-Lopez et al.’ mentioned that the necessity to
modify the teaching and learning methodologies in engineering is highly related to stu-
dents motivation. In that sense, a teaching-learning methodology that activates student
curiosity and hands-on work should improve motivation and reduce dropout rates.'®
These methodologies must focus on an active, student-centered (learning), instead of a
passive, teacher-centered (teaching), learning process, and they are known as
Project-Based Learning and Problem Based Learning (PBL).

Guerra et al.'' analyzed different PBL models implemented in Engineering courses
and summarized the drivers that led the institutions to transform the traditional learning
practice and promote PBL in four main groups: (a) Educational — increase of the student’s
intake and motivation; (b) Professional - employability and needed for technical and
transversal competences; (c) Political - implementation of guidelines such as Bologna
Declaration; (d) Social - fast adaptation to the changing and restructuration of the
economy as well as to the technology and innovation. Although these changes are posi-
tive, they are also extremely complex, involving a deep re-structuration of the courses,
strong collaboration, and interaction between faculties, students, and other stakeholders,
such as local industries, and the application of new methodologies that follow the objec-
tives, vision and learning principles of the course. According to Chen et al.,'* the chal-
lenges related to PBL implementation can be organized into three main levels:
individual, institutional, and cultural. In the first level, the lack of facilitation training
for teachers, challenges for choosing effective assessment methods and the need for con-
tinuous PBL skills training for students are the main challenges identified. In terms of
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institutional levels, the lack of support from departments and institutions and the limita-
tion of external resources are the main aspects that difficult the implementation of an
effective PBL model. The culture level is mainly related to different cultural backgrounds
and language barriers for non-native students.

From the information presented, it is clear that the development and implementation of
an effective PBL model in engineering courses are challenging. Although several papers
approached the PBL methodologies implemented in mechanical engineering
curricula,"*™'7 few of them present a new model proposal based on the best practices
implemented in world-leading universities and opinions collected from the students.
To complement the literature, this study focus on the analysis of an already implemented
Project Based Learning model developed by Claro'® in a Portuguese Mechanical
Engineering course. This methodology has the particularity to have implemented a
PBL course in each semester throughout the first four years of the curriculum
(Mechanical Engineering is a 5 years course). However, due to the fast evolution of
society, it is important to update the structure and organization of these courses, in
order to provide students with the best learning experience. In that sense, this work is con-
ducted to answer two relevant research questions:

1. Which are the aspects that Mechanical Engineering students consider important to
improve their learning process, making them more prepared for the real world?

2. How a PBL model can be restructured to increase the student’s motivation and help
them to develop soft skills?

To answer these research questions, a survey was conducted on the graduate and under-
graduate Mechanical Engineering students. Through this study, the student’s feedback
regarding the actual model implemented in the Mechanical Engineering course at the
University of Minho is analyzed and the relevant conclusions are considered for the
development of a new proposal for the Integration Projects in IMME. Through this
approach, the main limitations of the model, that lead to the student’s resistance to the
active learning model, are identified. This information is used to strengthen the vision
proposed in this work. Moreover, the best methodologies implemented by the
world-leading universities are analyzed and some ideas are implemented in the proposal.
Through this work, an improvement of the Mechanical Engineering student’s learning
process is expected. The new proposal intends to increase their motivation and help
them to be more prepared for the professional world and to enrich students with soft
skills, which are extremely important both socially and professionally.

PBL models implemented in engineering courses

In this section, a brief review of the PBL models implemented in Mechanical Engineering
courses in world-leading universities and Portugal is presented. The information collected
from this analysis is applied in a new proposal for the Integration Project in Mechanical
Engineering course at the University of Minho.
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PBL models in mechanical engineering courses

After the analysis of several PBL models implemented in Engineering courses, four
models are selected, based on their versatility and a strong focus on sustainability, innov-
ation, creativity, and entrepreneurship. The relevant information is summarized in
Table 1.

While the PBL model pursued at MIT is exclusive to the freshman curricula, the
Universidad Europea de Madrid conducted different projects once a year. Regarding
Aalborg and Massey universities, a semester-long project is implemented throughout
all the Mechanical Engineering courses. Regarding the project subject, it is very import-
ant to ensure the success of the PBL model since it is directly related to the student’s
motivation.'® Although at Universidad Europea de Madrid and Massey University, the
projects are selected by the staff faculty before the beginning of the PBL course, at
Aalborg University and MIT, the projects are conceived by the industry and community
partners. Still, in both approaches, the project proposals focus on the connection with the
real world which is fundamental to increase the student’s motivation.’ Furthermore,
according to Zhou,?° real-life projects stimulated creativity and engagement, since stu-
dents learn in social practice. Owens et al.”' mentioned that creativity helps students to
develop high quality questions and foster students to apply this skill in practicing
science. Hadgraft and Kolmos'® added that projects identified and formulated by students
themselves also increase motivation. Concepts such as sustainability, technology, creativ-
ity, and innovation are part of daily life and they must be addressed and explored in any
project. Regarding the student’s assessment, each model presents several evaluation ele-
ments. The larger component of the evaluation focus on the final project report and oral
presentation, which are the typical assessments to measure team performance and out-
comes.'> However, the Universidad Europea de Madrid implements an interesting
approach regarding the oral presentation. The final presentation is performed in front
of a heterogeneous public (professors, students, company representatives), which
increases the motivation of the students and their awareness of not failing. As mentioned
by Kuniyoshi et al.,*? oral communication skills are fundamental for engineers nowadays,
but their assessment is challenging. Magin® added that the assessment by a single teacher
is not reliable and should be combined by peer assessment, for example. This shows that
it is important to ensure a heterogenous jury to conduct the final presentation.

Even if not mentioned in Table 1, peer assessment is another important way to evalu-
ate students in PBL. As mentioned by Vu et al.,* it is beneficial for students learning and
development as professionals. However, several conditions must be verified to ensure its
successful implementation. Other interesting assessment components are presented in
Table 1, namely the Logbook presented by Shekar,” to stimulate the idea generation
and reflection of the students. MIT follows the same ideology since “Project ideas” are
assessed. Another relevant methodology followed at MIT and Aalborg University is
related to the lectures which focus on teamwork, brainstorming/ideation, presentation
skills, among others. According to Chen et al.,'? these lectures are important to train stu-
dents in self-learning and arouse students’ enthusiasm. Finally, a Teaching Training
Program is available at Aalborg University and Universidad Europea de Madrid.
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Considering the importance of the teacher’s role in PBL, it is important to ensure a careful
preparation of the faculty staff. The relevance of teacher training for the success of the
implementation of the PBL model is mentioned by several authors.''2%%’

Through the analysis of the PBL models presented in Table 1, an overview of the best
PBL practices implemented in mechanical engineering courses is obtained. The main
ideas collected are related to the project proposal, which plays a vital role in student
motivation, evaluation parameters, and other relevant aspects, such as the use of websites
and blogs to enhance the teachers-students and team members communication. The lec-
tures implemented in PBL are completely different from the traditional engineering lec-
tures. In PBL, lectures and workshops are used to develop soft skills among students and
to provide knowledge in areas that are not widely explored in engineering curricula, such
as management, teamwork, but also basic technical concepts relevant for idea generation
and project development.

PBL models in Portuguese mechanical engineering courses

Six Portuguese universities offer the Integrated Master in Mechanical Engineering
course: Universidade do Minho (UM), Universidade do Porto (FEUP), Universidade
de Aveiro (UA), Universidade de Coimbra (UC), Instituto Superior Técnico de Lisboa
(IST) and Universidade Nova de Lisboa (UNL). However, only FEUP and UM imple-
mented a PBL model in their curriculum.

FEUP. PBL in Mechanical Engineering curricula at FEUP appears in the first semester of
the first year as “FEUP Project”, specially designed to address freshmen adjustment in
both social and academic activities.”® “FEUP Project” is worth 2 ECTS and consists of
the development of a team project. Students have one intensive week with seminars
related to “How to perform a report, oral presentations and poster creation”. Each
topic has a theoretical and practical module, which is assessed individually at the end
of the week.

Faculties propose a project for each team with 6 members and a monitor, who is often
a senior student assigned to each group. The team must use a diary, in which students
register all the information relevant to their projects, including meetings, decisions
making, etc. The evaluation consists of Seminar participation (5%), an individual test
(10%), a scientific report (40%), a poster (20%), and an oral presentation (25%). The
oral presentations are performed in front of a panel in a congress named “FEUP
Congress”.

UM. The PBL model implemented in the IMME was proposed by Professor Pimenta
Claro, being revised in 2008.'"® This model consists of 8 Integration Project (IP)
courses. These courses aim to integrate the knowledge acquired in other classes taught
during a specific semester.

The staff faculty are selected by the coordination of the IP courses and by the Director
of the Department. The classes have the same number of ECTS, 5. For the autonomous
work performed by the students, 110 h from IP I to IP VII and 80 h for IP VIII are
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assigned. In terms of contact time, the model comprises a total of 15 h of theoretical lec-
tures and 15 h theoretical-practical ones, taught 2 h per week, 1 h for each lecture.

Regarding tutoring, two models are applied: (1) One tutor is responsible for 2 groups;
(2) A management tutor (usually a researcher or a PhD student) is responsible for two
groups and different specialist tutors integrate the staff faculty to guide the students in
their area of expertise. Table 2 summarizes the methodology implemented in each IP
at the Department of Mechanical Engineering (DEM). As already mentioned, the aim
of the Integrating Projects is, besides the development of soft and technical skills that
are not acquired in conventional learning methodology, the integration of different
courses related to the Mechanical Engineering curriculum. Thus, to understand the
bridge between the course curricula and the IP’s projects, the MIEM study plan is pre-
sented in Table 3. As it can be observed, the IP’s are implemented over the four years
of the course, while the fifth year mainly focuses on the development of the master
thesis and therefore it was not shown in Table 3.

As previously stated, the actual PBL model implemented at the Mechanical
Engineering course at the University of Minho was last revised by Claro.'® Even if
this is an interesting approach, it is necessary to update the courses to agree with the
expectations of the students. Society suffers profound changes in the past 12 years,
facing huge technical, environmental, socio-political, and economic challenges.*° In
that sense, to ensure the proper training of future engineers, it is fundamental to
improve the learning process of the students by making the IP courses more effective
and motivating. To determine the strong and weak aspects of the PBL model implemen-
ted since 2008, a survey was conducted on the graduate and undergraduate students of
Mechanical Engineering, as it can be analyzed in the next chapter.

Students views about the integration project courses

The student’s feedbacks are important to understand if the actual PBL model implemen-
ted is in line with their expectations and if it contributes to the improvement of their learn-
ing process. In that sense, this section presents the main ideas collected from a survey
completed by graduates and undergraduate students of the Mechanical Engineering
course at the University of Minho. This study is crucial to identify aspects that cause stu-
dent’s resistance to active learning, leading to the development of a new approach able to
overcome this issue.

Methodology

The results presented in this paper are collected from a survey conducted within the
framework of research work on Initial Training and Transition of the world of work: per-
ceptions of undergraduates and graduate students in Mechanical Engineering. From this
research, the relevant information is obtained regarding the influence of the IP’s in stu-
dents’ curricula and as added value for the professional work. Moreover, a set of guide-
lines that enhance the quality of student training is presented, showing the impact of the
IMME.
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To conduct this research, a total of 276 surveys were answered: 153 by undergraduate
students from the 3, 4™, and 5" year of the course and 123 by graduate students. The
surveys were answered over two months and consists of closed questions with an
option “other” where students can express their opinions on a free basis. In this paper,
the analysis is centered on the answers presented to the questions related to the
Integration Project courses, in a total of 18 closed questions. In addition, considering
the relevance of the technical and transversal competencies of the professional profile
acquired in the Mechanical Engineering course, the answers to these questions are also
analyzed in this work. Graduates and undergraduate students were asked about: (a)
The organization and combination with other classes; (b) The content of the
Integration Projects curricula; (c) The support of the faculties; (d) The adequacy and
workload; (e) The teaching strategy; (f) The share of experiences between pairs; (g)
The learning process, and (h) The evaluation. In this part of the survey, the answers pro-
vided by the students vary between: “Totally unsatisfied”, “unsatisfied”, “neither satisfied
nor unsatisfied”, “satisfied’, “Totally satisfied” and “without opinion”.

Findings

From the overall analysis of the answers presented by the undergrads, most of them seem
to be satisfied with the organization of the Integration Project courses. However, the per-
centage of students satisfied, unsatisfied, and neither satisfied nor unsatisfied is very
close. This result shows that in general, the opinion regarding the organization of the
course does not satisfy all the students, being necessary improvements in that domain.
Regarding the contents approached in the IP, Figure 1(a) demonstrated that 35.3% of
the students agreed that the coherence and the structure of the contents are satisfactory,
while 33.3% do not find any satisfaction or dissatisfaction and 20.3% seem to be unsat-
isfied. Focusing on the actuality of the thematic approach in this course, Figure 1(b), stu-
dents are mainly satisfied (45.1% against 12.4% unsatisfied). A less positive aspect is
related to the balance between the theoretical and practical contents, Figure 1(c) since
39.2% of the students are unsatisfied and 8.5% are totally unsatisfied. This shows that
the relationship between the theory and the practice does not meet student’s expectations.
In terms of the support and availability from the tutors, the student’s opinions,
expressed in Figure 2(a), are divided between 39.9% satisfied and 31.4% unsatisfied.
This is another aspect that must be explored in detail. As mentioned previously, the
role of the tutor is crucial to enhance the learning process. Since this PBL model does
not include any faculty training, it is expected that the role of the tutor is not always in
line with the PBL goals and student’s needs. Although dissatisfaction is also identified
when students are asked about the workload, Figure 2(b), with 33.3% unsatisfied and
22.9% totally unsatisfied, 41.8% of the students seem to be neither satisfied nor unsatis-
fied with the activities and projects conducted in this course, as it can be observed in
Figure 2(c). This point is explored further since the student’s comments provide more
details on this topic. Concerning the strategy implemented in Integration Project
courses, Figure 2(d), 37.5% do not present any satisfaction or dissatisfaction regarding
the promotion of an innovative, entrepreneur, and creative approach. This result shows
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that more efforts must be conducted to improve this point, since innovation, entrepreneur-
ship, and creativity are important features that determine the success of the implementa-
tion of the PBL method, providing the students with important soft skills. Another
important characteristic of PBL is related to fostering discussion in the classroom and
sharing experiences between students. Results, expressed in Figure 2(e) and (f), demon-
strated that the students are more satisfied with the interactions among them (50.3%) than
in the classroom with the tutor support (32.0%). This point highlights, once again, the
relevance of the tutor role in the classroom, being necessary to increase the interaction
between students and promote the discussion directed towards the project objectives.

The feedback of the students regarding the learning process is important to assess the
success of the PBL model implemented. The student’s answers show that the majority are
satisfied with the knowledge acquired in IP. The development of activities that focus on
self-learning and the promotion of continuous learning are also considered by the stu-
dents as a strong point. However, when students are asked about knowledge based on
contemporary engineering, the opinions are divided with 32.0% satisfied, 27.5% unsatis-
fied, and 32.0% neither satisfied nor unsatisfied, Figure 3(a). This is another important
feature that must be improved to ensure that future engineers are prepared for the “real
world”. The multidisciplinary ambient is another parameter mentioned in the survey,
and Figure 3(b) shows that 37.3% of the students seem to be satisfied, while 11.1%
are unsatisfied. While about the evaluation method and the continuous feedback of the
work performed, students do not show any satisfaction or dissatisfaction which is a nega-
tive aspect. More information regarding student’s views is collected from the student’s
comments.

Another interesting aspect collected from the surveys is related to the areas that
graduate and undergraduate students consider as “missing” areas in their curricula,
i.e. areas that are perceived to be relevant for the students, but which are not
enough explored in Mechanical Engineering curricula. As presented in Figure 4,
areas such as informatics, micro, and nanotechnologies, accounting, economy, and
management are pointed out as the ones that students would like to explore in
more detail in their course. The integration of these areas with the fundamental
areas of Mechanical Engineering is possible through the Integration Project course.
However, to ensure the success of this implementation, important work must be con-
ducted by the faculties throughout the preparation and organization of the project’s
thematic and definition of the milestones.

Finally, a relevant question answered by the graduate and undergraduate students is
related to the aspects that they would like to see improved in Mechanical Engineering.
The majority pointed out the necessity of (a) A more practical side since the first years
of the course (74.5%); (b) A greater coordination between the University and the
Industry (65.4%); c) More extracurricular activities such as workshops, congresses,
etc. (33.3%); d) The integration of students in research projects (32.0%).

Comments and opinions shared by the graduate and undergraduate students regarding
the IP are collected and presented in Table 4. The answers are divided into four main
areas - course methodology, evaluation, projects, and resources — each one is subdivided
into strong and weak aspects, and suggestions.
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Through the analysis of the student’s feedback, it is clear that IPs are an added value
for the students. However, some aspects must be improved, namely the evaluation meth-
odologies, the relevance and variety of the projects proposed, the resources provided to
the students for the development of prototypes as well as an improvement of the tutor
role. These observations are in accordance with other studies.'**"?

Limitations to the active-learning approach

The analysis of the student’s perceptions is important to establish the main limitations
of the PBL model implemented, that lead to the student resistance to the active-
learning approach. From the quantitative data, the main limitation of the model is
related to the workload (56.2% unsatisfied + totally unsatisfied), and this is directly
related to the qualitative data expressed in the student’s comments “Quantity of
work that this class demands...is too high...” and that there is a “Lack of articulation
with the other classes”. This point is interconnected with the course organization and
structure, which was also considered as a weak aspect by the students. This aspect is
directly linked to the “Balance between theoretical and practical contents”, consid-
ered as the second major limitation of this model (47.7% unsatisfied + totally unsat-
isfied) and with the strategy adopted, the third weaker aspect (32.9% unsatisfied +
totally unsatisfied). A weak structure and organization of the course can lead to a
decrease of the knowledge acquired by the students, which leads to dissatisfaction
(32.1%), as well as to the implementation of non-adequate activities and projects,
leading to 26.2% of unsatisfied students. These conclusions are in agreement with
other works?'*** and can be improved by the implementation of a good and
strong strategy. The last question answered by the students provide relevant insights
to decrease student’s resistance to the active learning, being mainly related to the need
to include more practical projects since the first year of the course and the creation of
connections with the industry in order to improve the relevance and challenges of the
projects. These aspects are expected to improve the students motivation, decreasing
their resistance to the learning process.

Taking into account the feedbacks collected from the Mechanical Engineering stu-
dents and considering the brief literature review presented previously, a new proposal
for Integration Projects implemented in the Mechanical Engineering Course at the
University of Minho is presented in the next chapter.

New proposal for integration projects

This new proposal for IPs is based on the analysis of the student’s perspective and the
main ideas under successful PBL models implemented in Mechanical Engineering
courses all over the world. This new vision has two main objectives: (a) the improvement
of the learning process of the students, helping them to be better mechanical engineers,
and (b) to support the DEM to follow the evolution of the industry and to contribute
to the improvement of the society. To achieve these goals, it is fundamental that all
the projects developed by the students have an impact, a purpose. The students must
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3.30% 3.90% . 3.30% (©) 2.00%
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= Totally unsatisfied =~ Unsatisfied = Neither satisfied nor unsatisfied = Satisfied = Totally satisfied

Figure |. Statistical analysis of the answers provided to the questions regarding (a) contents
approached in the iP’s; (b) actuality of the project’s thematic; (c) balance between theoretical and
practical contents.
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= Totally unsatisfied = Unsatisfied = Neither satisfied nor unsatisfied = Satisfied ~ Totally satisfied

Figure 2. Statistical analysis of the answers provided to the questions regarding (a) tutors
availability; (b) workload; (c) adequacy of the activities and projects; (d) iP’s strategy; (e)
interaction with tutors; (f) share of experiences between students.

feel that their work and efforts have a contribution to society.’ For that, it is crucial to
involve industrial partners and organizations, with impact in the mechanical engineering
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(a) 1.30% 4 c00% (b) 5.20% 4.60%
11.10%
32.00% 27.50%
37.30%
39.20%
32.00%
Totally unsatisfied Unsatisfied Neither satisfied nor unsatisfied Satisfied Totally satisfied

Figure 3. Statistical analysis of the answers provided to the questions regarding (a) knowledge
acquired based on contemporary engineering; (b) multidisciplinary projects.
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Figure 4. Missing areas in MIEMEC curricula according to the students.

field, in the integration projects, acting as juries, sponsors, and/or partners of the
projects.'*

According to this vision, the proposal presented in this chapter is based on five import-
ant aspects: the project theme, the involvement of companies, the class organization, the
tutors, and the evaluation process, as presented in Figure 5, being in agreement with
several authors.>'%*? Besides, a small faculty training program is presented. With this
training, it is intended to clarify the faculties about the PBL concept, to show them,
through successful examples and testimonies, the methodologies implemented that gen-
erate projects with foundation and value, but also the best practice to enhance the learning
process of the students and in the acquisition of technical and soft skills.

The present methodology was designed to provide an effective solution to improve the
negative aspects mentioned by the MIEM students but which are common in other insti-
tutions.'>*?%37 In that sense, this proposal is not exclusive to the MIEM curricula and
can be adapted to other universities. In fact, this philosophy has been strongly advised by
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Figure 5. Important aspects focused on the new proposal.

the school board for all the new engineering curricula for both BSc and MSc which are
due to start for the 2021/2022 academic year. The main ideas behind this proposal are the
relevance of the project theme since students must feel that their works have an impact, a
purpose on society. For that, it is crucial to involve industrial partners and organizations,
with an impact in the mechanical engineering field, acting as juries, sponsors, and/or part-
ners of the projects. To emphasis the relevance of the projects, it is important to “open the
doors” and to show to society different works achieved by the Mechanical Engineering
students. To ensure the success of these projects, the class organization is crucial since the
contents developed each semester must be useful for the students, allowing them to
conduct detailed studies with a strong technical background. Furthermore, as previously
mentioned, the role of the tutor is highly important to improve the learning process of the
students and, therefore, the faculty training will enhance the implementation of the PBL
model. Finally, it is important to be aware that the success of the project is also reflected
in the evaluation process. If proper feedbacks are given to the students during the devel-
opment of the project, through mid-term reports and presentations, interesting results and
ideas are most likely to be achieved. Moreover, if the evaluation panel includes guests
from industry and different associations, student’s motivation increases, and successful
projects can arise.

Main principles behind the proposal. As mentioned, the IMME curriculum includes eight
Integration Projects, one in each semester during the first four years of the course (the fifth
year is mainly dedicated to the master thesis). Even if this proposal presents a specific
vision for each IP, some ideas are common to all of them, being addressed in this section.

Integration of the other courses. The organization of the course must be carefully analyzed
by the faculty staff before the beginning of the semester, always having in mind the inte-
gration of the knowledge acquired in the other courses of the mechanical engineering
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degree. The project subject must be discussed by all the faculty members of the courses
taught in the specific semester, to guarantee that all the important areas are covered during
the project development. It is important to highlight that cooperation between the staff
faculty is crucial in this process since the professors of the other courses can adapt
part of the course curriculum to help the students with theoretical concepts important
for their project.’ Furthermore, the projects must focus on the engagement of the students
in their learning, and in solving real-life problems, is challenging for the team, to keep
them motivated.’® For this purpose, several seminars and workshops are introduced,
approaching contents that are relevant to the success of the student’s learning process.

Contact with companies. One extremely important aspect that needs to be introduced in the
Integration Projects is the connection of the projects developed by the students with com-
panies. Students need to link the theoretical concepts with practical work to increase their
motivation, increasing the success of the work.'® This is possible with the direct contact
of the students with the industry and with the development of projects proposed by com-
panies.>>® In that sense, the coordination of the IP must try to establish some partnerships
with local companies (at an initial phase), having in mind the possibility to expand these
contacts to other national and multinational companies based in Portugal.

Considering the importance of contact with industry for the development of projects,
this proposal suggests the creation of an online platform dedicated to the partnership with
industries, aiming to establish, develop and increase the cooperation between DEM and
companies. This must be an interactive platform implemented to facilitate and support the
contact between faculties, students, and external organizations. The platform must
contain information about DEM, the projects developed in Integration Projects, a
section related to schedule meetings with DEM faculty, and another section that
allows the companies to submit project proposals that can be performed by the students.
According to Edmondson et al.,* through this tool, the university-companies cooperation
is easier to establish and maintain. In addition, activities inside the campus must be per-
formed to bring the companies to the DEM, to show them the projects developed by the
students, and the research developed in Mechanical Engineering. According to Pascual, >
this interaction between companies, professors, and students is an interesting opportunity
to legitimate peripheral learning among communities. To convince companies to start a
partnership with the DEM, it is important to demonstrate how mechanical engineering
students can be an added value for their business. It is important to mention to the com-
panies that if they contribute to the development of projects, they seed on student’s skills
that are fundamental for the industry and that are difficult to acquire in academia. Thus, it
should be pointed out that both sides benefit from a partnership. As mentioned by
Campos et al.** “companies and engineering universities must go hand in hand to
develop future candidates with the right skills”.

E-Learning. The e-learning is an important mean of communication that it is not used, yet,
in the IP’s. However, as it was mentioned in several methodologies used by other
European and American Universities, this tool is essential to establish a good interaction
between the teams and the staff faculty.'®*'*? Blackboard can be used to share
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information regarding the classes but also information related to the projects. It is an effi-
cient platform of communication to schedule tutor and group meetings, to create blogs,
fora, and wiki pages, and to create and manage diaries. As mentioned by Evenhouse
et al.,*® forums and blog discussions facilitate communication among students. In that
sense, the use of these tools is essential for the correct organization and management
of the student’s projects.

Team dynamics. In student teams, it is important to ensure the diversity of the group
between males and females and younger and older students. As mentioned by Rush
et al.,*? having older students in a team would result in a better learning experience,
essentially for the freshmen. These older students help the team to feel more confident
in their decision-making and offer solutions in the building process with which the fresh-
men are not familiar. Regarding the size of the group, according to Race,** there is no
right answer, since it depends on the context of the work and the nature of the learning
outcomes that must be achieved by the students. However, groups with more than six
members require a skilled facilitator that focuses on achieving consensus and agreements
within the team rather than attempting to set the direction of the group. Each group must
elect a team leader and a secretary at the first meeting. An important aspect regarding
team dynamics is mentioned by Chen et al.'? For students who have not reached team-
work and PBL experiences, which is the case of first-year students, the lack of PBL
skills training makes it difficult to deal with important teamwork features such as team
members interaction, collaboration, communication, conflict management, among
others. To minimize these effects and improve the learning process, skills training
must be added to the PBL course, such as lectures, workshops or seminars.

Tutors. Three types of tutors are presented in this proposal, each one performing a specific
function:

e Specialist tutor: this tutor guides the group through the technical aspects of the project.
The tutor does not give a direct answer to the problem brought by the students, but he/
she must help them to find the answer by themselves using guiding questions, helping
them to understand and recognize important concepts related to the project to enhance
and stimulate the learning process.**

e Management tutor: This tutor focusses its activity on teamwork, especially on the man-
agement of the relations between the members of the group; helps the students to
organize and structure their work; provides tools and advice that helps them to
conduct their literature research; stimulates the learning process using driving ques-
tions and promoting the reflection both individually and in the group.*’ The tutor
must be involved in the evaluation process, monitoring the work developed by the stu-
dents, and providing feedback regarding the individual and team performance. All the
deliverables assessed by the tutor must be discussed in a group to improve the learning
process of the students (they can see what they missed, and they can improve that in
future works). Considering the characteristics of the management tutor and all the
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aspects related to the importance of this role, it can be attributed to PhD students, Post
Docs, or researchers with previous experience in PBL.

o Student Tutor: They are fourth and fifth-year students from IMME that are interested in
helping the freshman in their journey. The introduction of this role in the first year of
the course is very important to help the freshman to be introduced in academia, to
guide their work, providing them with important advice about the management and
organization of their projects.*®*’

Regardless of the tutor type, it is fundamental to ensure that all of them have theoretical
knowledge and skills regarding PBL methods.'?* Recent studies demonstrated that tutor
plays an important role on anticipating student’s resistance to active learning.>**%4°
Some strategies are delined in order to increase student’s participation in active learning
and focus on explaining the course expectation and the aim of the project and activities
implemented throughout the course, as well as increase the interaction between the tutor
and the students always having a pro-active role inside the classroom.** In that sense,
faculty training is presented in this work taking these findings into consideration.
Group room. According to Davies et al.,*' several Universities that implemented PBL
models pointed out the importance of the group room for the enhancement of teamwork
and as a support tool to achieve learning goals. This working space must be adapted to the
needs of self-oriented and active learning in a project-based environment.>® Considering
the advantages mentioned, a group room was already created to give support to the pro-
jects of the students. The room contains support material, tools, small bench machine
tools, and a 3D print, aiming to help the students in their hands-on activities, proof of
concept, mock-ups, and prototypes. It is also a place where the students can meet and
work as a team. According to Evenhouse et al.,30 student’s motivation increases when
relevant resources are available when they need them.

Evaluation. The assessment of the Integration Projects contains two components, one
related to the teamwork (poster, oral presentations, reports, prototypes, etc.) and
another to the individual work, which is in accordance with the literature review con-
ducted by Chen et al.'? In terms of individual assessment, the methodology adopted in
this vision is the same for all the IPs, except for IP VIII, since the project is individual.
In this specific case, a self-assessment must be performed by the student and discussed
with the tutor. Each team member must perform a peer and group assessment, but also
a self-assessment. The peer assessment focus on meeting presence, effort level in the
project, the contribution to the decision-making process, originality, and creativity of
the solutions presented, and interpersonal relationship. However, for the success of the
peer assessment, Vu et al.* pointed several conditions that must be followed, and
mainly related to the proper preparation of the assessment, alignment with the learning
objectives, availability of the tutor to help students throughout the peer assessment fol-
lowed by a constructive discussion. Each team member must complete their evaluation
which is discussed in the group with the presence of the tutor. The tutor also assesses
all the team members and the teamwork.>" A coefficient between 0.8 and 1.2 is attributed
to the students considering the comments of each team member and tutor feedback.
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Costs. Costs are one of the main problems identified in the current model of Integration
Projects in MIEM. DEM provides the student’s tools and a space to conduct their works,
as previously mentioned. A budget for consumables, such as PLA for 3D printing is
assured. DEM facilities have a manufacturing workshop with a technician who can
help the students with their projects, mainly in the implementation of manufacturing pro-
cesses. Moreover, the laboratories support the student’s projects in terms of experimental
tests and analysis, such as microstructural analysis by the Metallurgy lab, mechanical
characterization by Functional Materials lab and Functional Surfaces lab, hardness
tests by the Materials Testing lab, fluid flow analysis by the Heat and Fluids, casting
and welding processes by the Foundry lab, fatigue tests by the Machinery and
Tribology lab, controlled measurements by the Metrology lab, a test to the automated
systems by the Automation lab, mechatronics systems analysis by the Mechatronics
lab, and technical support in thermodynamics systems by the Engines and Applied
Thermodynamics lab. However, all the analysis and experimental tests to support the
Integration Projects are restricted to a small budget by each lab. In that sense, if a detailed
analysis is needed or if complex manufacturing processes must be conducted by the
teams, they must find industrial partners. In this context, the use of the online platform
mentioned in the previous sub-section “Contact with Companies” is crucial to ensure
the success of the projects. If partnerships with local companies as well as the City
Hall are established, a fund can be created to sponsor the student’s activities but also
the scientific activity spreading actions, which are fundamental to disseminate the
work that is conducted by the MIEM students. With these initiatives, more partnerships
can be created and the Mechanical Engineering course can be publicized.

Specific features of each integration projects

The main ideas behind each Integration Projects (I to VIII) are presented in this section.
The specific features regarding the team, project organization, and evaluation process are
summarized in Table 5. Activities are proposed for each IP in order to provide students
with soft skills as well as improve their technical knowledge.

Integration project I. The IP I is introduced in the first semester of the first year of the
Mechanical Engineering course. The first contact of the freshmen with the Mechanical
Engineering field is crucial, since, according to Wu et al.,>! Vesikivi et al.,>! and Dym
et al.,* this first approach enhances the student’s interest in engineering as well as the
retention in engineering programs, motivates learning in engineering science courses
and enhances the performance in design courses and experiences. At this moment, the
students do not have any idea about how Mechanical Engineering works and the versa-
tility of this area. In that sense, it is important to implement challenging and motivating
projects, generating in each student several skills such as creativity, innovation, team-
work, communication, ethics, management, organization, and leadership.l 113,38
Currently, the thematic under the IP I focus on “Mechanical & Materials: components,
mechanisms, and equipment”, the students are introduced to the mechanical engineering



International Journal of Mechanical Engineering Education 50(4)

790

(panunuod)

MoY — widlsAs [edlueydaw
® puiyaq Auosay,, :Anoe}

W3d — (s9340j) pue U_EN=>_HV

Jed jnoqy,, :SJeujwas
‘yeas quswnJaedaq ASojoydAsy
- uonesauas eapl

Jo sanbiuysajy pue fyapeaad

Jo sani09y ] ,, :sdoys>opp
‘yeis N — uonejuasaad
® 9389.4d pue jiodau

e aaedaud 03 MOH,, !sadIAIaS

Adeaql] WM — (Y24easad
s1ydeasol|qiq Juadyyd ue

3n0 A44ed 0) MOH,, SJeulwag

"Alasnpul a1 wouy 3san5)

- s323loud Burieauidus
ul syd>adse [eo1yya pue
[ean3|nd 9y3 jo aduanpuy,,
‘yeas qusunJedaq A3ojoydAsy

— uoneaouu; pue A}1AleaId

ys1INojj 03 swisiueydapy,,
‘yeas Jusunaedag
uoneonpy — ,sa1393e.a3s
3 saduajeyd Spomwesy ,,
:sdoysJopA ‘woou dnoud

pue salI0)BIOqE| S |3 Y2 USIA

'%01 2100q307]

%GT 1. s9dfior0uy
‘%G| :,uoneIuasaid
[euld ‘%G| Jodau

[eul ‘0] :uoneussa.d
WRL -PIW %S |

aJaodaua was) Pl ‘%01

:uoneyuasaud Aueuiwipag

Alunwwod

ay1 01 uadQ .,

‘Aanl a1 Jo

ed aq o1 ey A1d ay3 jo
JaquiawW B JO UONEJIAU|,
%81 2100q307

%01 :4:UORIqIYXd 49350
‘%07 :.uoneIussaly [eulq
‘%G| 40dau eulq ‘%0
:uoneyuasald wua] -pijy
‘%01 3dodau wua) -pIy
‘%0 :uoneiussa.d

Aseuiwaad ‘40| :ueld dser

3y 9A31YdE O] JBD BISO00Q
01 Wa1sAg [edlueydaly
‘tuonnadwod SujuJes)
USALIP 33 21B|NWINS 01
Os[e Inq SIUSpMIs 3y Jo
Ananeaud ayy dojpasp o]
;. Swanshs

[DOIUDLYDRW dANDRLD,,

Idl

a3 Jo J0JBUIPI0OD A1jNdE}
a3 jo [eaouadde ayy Jsye
I’y A1 aya Aq pasodoud
9q Ishw away) d1y1dads
V ‘passaJppe s A19100s
2yl u paynuap! wajqo.d
sidads ; Sunssuidug

[DOIUDYIBWY Ul AuANDAID,,

*J01M) JUSpMIg
t103n3 jediuly
{10JeUIpPI00Y)

*JOJeU|pI00d
dl @Y1 Aq pawuioy
dnoun ‘syuswse 9 I

*I0JBUIP.JOOD
dl @Y1 Aq pawuioy
dnoug) ‘syuswspe 9 |

101M JUSpMg
t4oim [ediduligd
{1oJBUIPJOOD

SaNIANDE JBYIO

uonen[eAy

193/ouy

sas wes|  di

's329[oud uoneu3aul Joy [esodoud mau ays puiyaq sespl urel *§ d|qeL



791

Barbosa et al.

(panunuod)

Aaasnpul sIA

{9s4n0d uopewWoINy

[el1IsNpu| 33 JO J0SS)0.Id

— w93sAs pazpyewojne

ue jo udisaq,, ‘A1snpu; ayy
wouj s1s9n5) — , A349Ua puim
pue i neJpAy Yejos jnoqe
uoljeJapisuod Jalig,, ‘Ande}
W3A — Sw3shs ade.o3s

A349ua a|qemauay,, sJeuiwas

‘sqe|
W3Q ul seniAnoe [eauswiiadxy
"Anasnpuj ASIA

‘oyulI3] —  UoIIeAOUU|
pea %3 Bupjuiyy udisaq
ajeyjide,, :doysyiopA Lnoey
W3a - Anqeureysng
|e3uswiuodiAug

40} usisa(,, ‘954n0d dNsNeIg
[el1IsNpU] JO J0SS3)0Id — (]40M
[e3uswiLedXD ue wo.y

ejep ay3 szAjeue 03 MOH,,
tfynoey |30 — ABojoa3ow

3Yy3 03 uodNpOIU|,, SJBUIWLIDS

‘sadfio1044

"Anoey |3g — (24eM3yos
S3D 9Y3 03 uopdNpoRU|
= UODISs S04

pue sjelajely,, ‘A noe}
W3d — (482 3Y3 3sooq 03

pue sadA1oloud [enuiIp

%G| :,uoneiuasald |euly

‘%G| 34odau [eulq ‘%G|
:uoneauasaud wus| -pijy

‘%01 24odau uonewoiny

[elIsNpU] %0 |

1Jodau solueydaly ping4

%0 4odad wu-piy

‘%G dodau USIA (%0
:uonejuasaud Aueuiwippag

Alunwwod

ay1 01 uadQ .,

s1sang

[BUJIX3 JO UOHEIIAU|

%01 :x,dn-pow

pUE [9pOW [BMJIA

‘%G| :.uoneluasaid

[eulq ‘%07 4odau [eulq

‘%S 40dau USIA %0 |

:uonejuasaud wua| -pijy

(%01 +%01 +%01)

%0€ 34odau sanIAndy

‘%G :uonejuasaud
Aaeuiwaid ‘%G :ueld dsel

‘Ajunwwod

a3 01 uado uonnadwod

sadfyojouy .,
‘sysong
[BUI91XD JO UOnEBIAU,

"WA)sAs 9]qemaual

B UO sndo4 ‘sajuedwod
Jo ‘Aynoey L43q
‘syuapms Aq pasodoud
99 ued away3 dy1ads

;. BuLaauIdug 3s19A9Yy,,

‘sajuedwod

Jo ‘Aynoey |3 ‘sauspnis
Aq pasodoud aq ued
9DIASP B3 JO UONDIDIDS
ay] ‘wwesAsqns onadiaus
pUE dlUOJId99 UE

UIIM 3D1ASP [EDIUBYISW

ay] : SuussuiSug assonay,,

*3)qissod awn 3s31u0Ys
aya ul sduelsip 1s93uo|

‘uopezi[edads

jo uon|

Juawageuew jo
Jojn| ‘4ojeulpaoor)

‘uonezijedads

jJo Join|

“uswadeuew Jo
Jojn| {iojeulpaoo)

*SJuUSpnIs

ay3 Jo aduausseud

ay1 01 3uipiodde
JoJeulpIo0d

dl @Y1 Aq pawuioy

dnoun ‘sjuswse 9 A

'SJUSpNIS
ays jo aduauayaud
ay3 03 Sujpiodde
J03eulpIood
di 3y 4q paw.ioy
dnoug ‘sjuswse 9

SaNIANDE JBYIO

uonen[eAy

199foud

#es

wes| dl

‘panunuo) °g d|qel



International Journal of Mechanical Engineering Education 50(4)

792

(panunuod)

(WN -
UOIIEZIIO[BA SDISEAA JO J3IUD))
YAD — (Sishfeue a124>-3y11,,
‘W3 ssed0ud Sulimdenuew jo
Jossajoud — Burinjdejnuews

40y udisa(,, :sleujwag

"MBIAJSIUI SIISM)

(010

VILVD ‘SASNV ‘SOAPIIOS)
SJUSPNIS QUJ PUE SJaYD.Ieasad
W3a — 24em3jos uone|nwis
ay3 03 uondnpo.jul

ue - Surieauidus
papre-1a3ndwio),,

‘4yeas Juswnaedaq ASojoydAsy
- uonesauas ydodsuod

pue aAREauD),, :sdoys)JopA
‘ye3s Juswidedag uonesnpy
— (S19WO03ISNd wWo.y eyep
329]]02 03 MOH,, ‘OYuI|23]
— «S3Udjed jnoqy,,

tAnoey LW3A — IdjMew

ay3 40y Apeau 3onpoud

€ ureyqo o3 £A3ojopoyrsaw

‘%G| :.uoneluasaid

[euld4 ‘%G| 4odau

[eulq ‘%G| :uonejuasaud

ws| -PIA %S|

:3dodau wud) -pIA ‘%01
:uoneyuasaud Aueuiwippag

s109load

ay) 01 payju saluedwod
Jo Auedwod Josuods
o®d JO JaqUISW dUO,,
%01 :(s)dmjoly

‘%01 :IPPOIN [eNJIA
‘%G| :.uoleIuasaIy
[eulq ‘%G| 34odau

[euld ‘%G| :uoneluasaud
w9 -PIA %S|

:3dodau wud) -pIA ‘%01
D|2BqP”) SIS ‘%0 |

‘A dI ut paudisap 3onpoud
ay jo 1uswdojarsp

SY2 uo sndo4
‘A|lenuaJisgeud ssjuedwod
Jo syuspnis Aq pasodo.d

JuswdojaAsg 1pnpo.d,,

‘ugisaq 39Npo.d Uo sndo4
‘A|lenuaJasgeud ssjuedwod
Jo syuspnis Aq pasodouy

‘uopezifedads
jo Join|
“uawageuew jo

Jojn] ‘JojeulpJooD)

‘uopezi[eads
jJo Join|
“usawageuew jo

‘sjuspnis

ay jo aduauayeud

ay1 01 3uipiodde

JOjeulpJood

di Y3 4q paw.ioy
dnoug ‘sjuswdpP 9 |A

"SJUSpNIS
2y jo dduauayeud
ays 03 3uipJodde

J0JBUIPJOOD
di Y3 4q paw.ioy

329loud,, :sJeuiwas :uoneaussaud Aseuiwipad USisag pnposd,, Joan] f4ojeulpsoo)  dnouo ‘suswIBP 9 A

Alunwwod

ay1 01 uadQ,,

‘sqe| Ansnpul woudy 3sen9),,

W3Q ul senIAndE [eauswiiadxy %01 :xxSdmpow
S9NIARDE Y10 uonen[eAy 329f0.y yeis wes] (|

‘penunuO) °g 3|qeL



793

Barbosa et al.

(panunuod)

20(] 350 Jo
wepms Qud WA — I2°foid

3J0Ss0.dIL,, :SdOYSHIOAA

"MBIAJRIU] SJBWOISND)
‘anauaudaaua ue Sunasl
‘Auedwod

UMO J1aY3 sa3ea.d 3eY3 Aaasnpul
ay3 wouy s3son3 [erdads —
«SS922NS 93 puUIyaq $39.429s
ay3 “nauauda.pus ag,,
{954N0D UOKEN[BA] [BJIWOoUOd]
s109fo.d Jo Jossajoud —
«|opowi ssauisnq & w.oyiad
03 MOH,, ‘AaIsnpul a1 wouy
159N —  iSisA[eue JieW €
39NpPUOd 03 MOH,, ‘OYuI|\|3]
- smyejs A3ojouyda)

Jno£ ajenjeAs o3

MOH,, :sJeulwog ‘edeug dniieig
— («SS9204d uoneAouul ay3

49338143 03 MOH,, :doys>JopA

‘Alunwwod ayy

03 3UaA3 uado ue u uopesado
pue Juswdojaasp adlioroud
*954n0d SujwJioy

8 Sululysely Jo Jossaj0.y

- ueld Sulnysejnuews

© wJoj43d 03 MOH,,

‘Anoey |43qg — SuidA3o0jouy,,

[eul] %0€ :d[11e
UYoJeasay ‘%G PPnJe

MIIAIBAQ ‘%G :Ue|d dse]

Alunwwod

ayy o3 uadQ .
‘Auedwod

9JNJUSA PUB OYUI|3|
‘eeag dniueag jo Jaquiaw
3UO JO uoHENIAUL,

%S| xUORIqIYXS 49310
%G| :,uonelussadd [eul
‘%G| 1dodau eulq ‘%g
:anauaidaaus ue upasyy
‘%G| uoneussa.d

W] Pl ‘%S| odau
wig] -pI ‘%01 >12eqpas)
sJawoIsn? ‘%0

:uoneyuasaud Aseuiwippug

s309(oud

ay1 01 payjul satuedwod
Jo Auedwod Josuods
o®D JO JaquIdW dUO,,
‘%0¢ :2dA1ol0.4yg

ay1 Ul uonopluSWRIGWI
[p211o04d U puDp

14D3$3J SY1 01 UONONPO.UJ,

‘PIRY

3urieauidus [esiueydaw
3Y3 JO >JoMmawely 3y Ul
‘s913ojouyd33 dAREAOUU]
uo sndo4 ‘sajuedwod
Jo ‘su23udd YdJeasald
‘syuapnis Aq pasodoug

;. ASojouypa) 79 uonpaouuy,,

o] ‘JojeuUIpIo0D)

DMOM [enpIAIpU - IIA

'sJuspnis
a3 Jo dususeud
ay1 01 3uipiodde
Jojeulp.iood
*1018311S9AU| dl ay2
[ediduly taoanp Aq pawuoy dnouny
{JojeUIP.I00D) SIUBWBIP G- [IA

SanIARdE JBYIO

uonen|eAy

193louy

#es wes]  d|

‘panunpuo’) °g djqer



International Journal of Mechanical Engineering Education 50(4)

794

Aunwwod ayy

o) uadQ,, “29loud ay jo "sajuedwod

*1055340.4 Jaulaed e q 03 paisalaiul pUe sa1ISJaAIUN

A3ojopoyiay YoJeasay — 9q ued Jey3 Jo 939foud ul pawoyuad youeasau

Jaded youeasau e 331um 03 ay1 01 payjulj) Ansnpul uo sndo4 ‘ssjuedwod

MOH,, ‘J0ssdjo.ld A3ojopoyis ay1 wouy s1sand patlAul, Jo ‘Aynde} |3 ‘SIuspms

YoJeasay — ,49ded mairaa ‘%01 :4xUORIGIYXD 493150 Aq pasodoud :, ppal

® 3)1UM 03 MOH,, :SJBUIWDS ‘9%0€ . UoneIuasa.d Sunssuidug [porubyda
sanIARdE JBYIO uoyen|eAy 193(0.y yes wes] (|

‘panunuod °g dyqer



Barbosa et al. 795

field. For these first-year students, the challenge is to promote the first approach to the
topic in a generalist way but not neglect the specificities that identify and characterize
the role of Mechanical Engineering. The project base consists of a usual device (e.g.
household appliance) through which it is expected that the students identify elementary
mechanical functions, elements, materials. But also, to promote the brief analysis of the
various elements, in terms of structure, conditions of operation, design, manufacture,
among others, as well as to integrate the students in the nomenclature and taxonomy
used in Mechanical Engineering.

Even if the projects developed are interesting and introduce to the student’s the basic
concepts of Mechanical Engineering, the socio-cultural aspects and ethics are forgotten.
However, it is important to create in the freshmen the principle that every system,
product, or machine developed has an impact on the environment in which they are intro-
duced. Bgrsen et al.’>” present best practices and important aspects to be considered in
teaching ethics and socio-ecological responsibilities to engineering students. Massey
University has an interesting model for 1* year engineering students, whose main
ideas were implemented in this proposal.?> First-year students focus their attention on
the socio-environmental impact of a project and its economic viability. The projects
are related to the creation of solutions through humanitarian engineering and are asso-
ciated with the Engineers without Borders (EWB) organization. Even if it is difficult
to establish this contact (we must try), it is possible to focus on solutions for problems
that occur in Portugal. A partnership with the city council can be established in order
to define projects that are both related to mechanical engineering and to the city needs,
being important the participation of one city hall element in the final presentation of
the project. As also mentioned by Pascual,® this type of partnership can be extremely
valuable both for the city council, which has an innovative spirit, and for the students
that, at the beginning of their course, have the responsibility to work on a project that
can be an added value for the city where they live and study. The introduction of the
Logbook in this stage is fundamental since it is a means to stimulate the creative and
innovative process, but also to assess if students understand the concept and principles
approached in seminars and workshops.*! To encourage the development of a socio-
cultural mindset in students, enhancing their role as active citizens showing them the rele-
vance of Mechanical Engineering in society and increasing their motivation, a different
project approach and evaluation methodology is presented in Table 5.

Integration project Il. TP II focuses on creativity for the development of a concept, under
the thematic “Development of creative mechanical systems”. While in IP I, student’s cre-
ativity is the focus, in IP II, this creativity is constrained by some specifications. The inte-
gration of the knowledge acquired in the general courses taught in this semester namely,
Computer Assisted Design and Drawing, General Mechanics, and Mechanical
Metallurgy must be included in their projects. This is possible through the design and
construction of a mechanical system, a thematic related to the principles approached in
the General Mechanics course. An example of an interesting project that has been devel-
oped in IP II and must continue due to the good feedbacks coming from the students, is
the development of a projectile launcher. To conduct this project, students must perform a
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Table 6. PBL faculty training proposal.

Sessions Topics Contents
I. The importance of  PBL model and successful Features of PBL; Learning tools in
PBL in higher practices PBL; Examples implemented in
education other universities
Fostering PBL through Strategies to create external
partnerships partnerships
2. Dynamic of PBL How to foster student’s The creative process; Strategies to
students groups motivation, participation, and improve motivation; Examples of
creativity through PBL? activities
Team dynamics Strategies and techniques to

enhance the teamwork and
relation between students

3. The role of the What is expected from a tutor? The role of tutor; Principal features;
tutors Types of tutoring applied in PBL
4. Evaluation in PBL Best practices and guidelines for  Principles behind the PBL
assessing in PBL evaluation; Types of assessments;

Best practices

dynamics analysis of the bodies implemented in the launcher, using the theoretical back-
ground developed in the General Mechanics course, as expressed by Flores & Marques.>”
The project design is achieved using proper CAD tools and a precise selection of the
materials applied in the launcher construction is performed based on the Mechanical
Metallurgy concepts.

In addition to the design and construction of a mechanical system, this project aims to
develop the creativity of the students but also to stimulate the driven learning competi-
tion. The main goals of the competition are to challenge the creativity, engineering
imagination, and knowledge of the students. The focus is not only on the product they
conceive but all the processes conducted by the team, the challenge they face, and the
knowledge and skills they gain.’* As mentioned by Zhou,?® creativity training is neces-
sary and useful for the students, since it stimulates motivation and improves learning
methods of initiating projects. In that sense, this component is included in the proposal
as a workshop.

Integration project Ill. While the IP I and IP II can be considered as introductory courses, in
the second year, students are already deep into mechanical engineering learning. In that
sense, Reverse Engineering is the thematic selected for the projects developed in IP III,
focusing mainly on the integration of different courses taught this semester. The integra-
tion strategy is very important and must be discussed and defined by the staff faculty
before the beginning of the course.'!

Three main areas are identified in the first semester of the second year: electronics,
mechanics of materials, and thermodynamics. However, the methodology currently
implemented focuses essentially on the mechanics of material since teams must identify



Barbosa et al. 797

material and processes implemented in a specific device (ex: pumps, discharge systems,
among others). The students use emerging and not conventional materials and processes
and identify and calculate forces applied in structures and components. A slight approach
to the electronics concepts is introduced since students must understand and apply prin-
ciples of the selection of electric motors. Nevertheless, thermodynamics and electronics
are still slightly approached in the projects. Therefore, this aspect is expected to be
improved by this new proposal.

The interconnection between electronics and mechanical systems has increased dras-
tically over the last decade. Although the electronic course continues to be developed
independently from mechanical engineering, the integration of the knowledge acquired
in the Electrotechnics and Electronics class is an added value for the project. On the
other hand, the mechanics of materials is identified in any mechanical system, being
easy for the students to integrate this knowledge into their projects. Regarding thermody-
namics, it is identified on several systems and devices and in any industrial process that
involves heating or cooling. In that sense, the projects developed in this course must
combine these three areas. Metrology is introduced in IP III since students will
perform measurements during the teardown of their devices. Students will establish the
first contact with the metrology lab, to identify the measurement instruments, following
the measurement protocols, to be able to determine errors and uncertainties.

The methodology behind the reverse engineering is based on Wood et al.'”: (1) a
detailed analysis of a device and identification of the global need; (2) a description of
the operation mode, disassembly of the product, characterization, and definition of the
key features and issues/disadvantages; (3) improvement of the device, development of
an alternative concept that maximizes the improvements, detailed characterization
of the upgrades, design (2D and 3D sketches) of the new subsystems and development
of a virtual prototype of the new device and finally construction of a mock-up for
proof of concept. These tasks must be complemented with laboratory work since it is
important that the students establish the first contact with the laboratory experiments
and understand how they complement and improve the quality of their project.'®

Integration project IV. Currently, IP IV focus on knowledge consolidation using the tear-
down of the mechanical device explored in IP III. Students apply experimental and
numerical tools, methodologies and principles approached in the other classes to under-
stand fundamental concepts of the systems that compose their device. From the different
analyses and laboratory tests, the teams must compare solutions and optimize their
devices, as well as perform cost analysis and a Life Cycle Analysis. However, even if
the level of detail is higher in this methodology, with the introduction of different
Mechanical Engineering concepts, there is a need to change the engineering application,
extending the projects to other areas of interest

Following the principles presented in IP III, IP IV focuses on the study of a renewable
system instead of a device. Through this project, it is expected to demonstrate the poten-
tial of these alternative resources for the production of energy, using the technical con-
cepts approached in the courses taught this semester, namely, industrial automation,
fluid mechanics, manufacturing technologies, and materials mechanics. The laboratory
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experiments are an interesting point that will be maintained in this proposal. A sponsor is
not necessary for this IP, since the students do not have to construct a prototype.
However, it will be interesting if the staff faculty can establish contacts with companies
which work in this field, to provide some equipment or to permit organized visits to their
facilities. This will help students to understand the mode of operation of their renewable
systems. In addition, teams must design an application in which these systems can be
applied, contributing to a sustainable environment, to instill in students socio-ecological
responsibilities.>?

Integration project V and VI. TP V and VI are presented together since IP VI pretends to con-
tinue the work performed in IP V in a logic of Product Design and Development. In IP V,
each team must select a household appliance and perform the teardown of the device, iden-
tifying the manufacturing techniques and technologies used for the development of each com-
ponent. To conduct this detailed analysis, students apply the technical concepts approached in
CAMY/CAE techniques, foundry and welding technologies, heat transfer, and machine ele-
ments. In order to integrate these classes, the devices must contain a part made by a
casting process, machining, or welded construction, and the thermal behavior of the device
must be analyzed. The project conducted in IP VI is a continuity of IP V, where students
must analyze the problems of their device, conceptualize solutions and develop numerical
models to link the design to the manufacturing process. The budget considered in these inte-
gration projects is mainly related to the laboratory consumables and accounts for the support
of the manufacturing workshops located in DEM.

To improve the methodology already implemented, this proposal presents a strategy
that must be followed by the student’s teams, helping them to work towards the project’s
goals. Although several strategies are presented in the literature, the one presented by
Ulrich and Eppinger™ is followed in this proposal. With the implementation of the
Product Design and Development concept in the third year, it is expected that the students
put into practice all the knowledge acquired in the previous Integration Projects. At this
time, the students must be prepared to develop a product from the beginning, is expected,
at the end of the project, a functional prototype (patentable, if possible).

The students work on Product Design in IP V (1% semester) and Product Development
in IP VI (2™ semester). At the end of IP V, each team must present a virtual model of their
product and a mock-up, while at the end of IP VI, they must present a functional proto-
type. If needed, each team is responsible to find a sponsor to finance their project.
However, as previously mentioned, the online platform dedicated to the partnership
with industries and DEM is an important means to help the students to find the right
company to support their project. The development of this type of project is very import-
ant to start to shape future engineers for the “real-world”.?

Integration project VII. Currently, the projects developed in IP VII are related to the mod-
eling and control of components and processes evolving motors and control systems.
Applying the knowledge acquired in Process Control and Thermal and Turbo
Machines courses, it is expected that the students will be capable: to evaluate and under-
stand the state of the art of motors and control systems; analyze problems related to this
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technology and defining its surroundings; conceive and analyze automatic control
systems; develop numerical modeling and computational simulation; link research pro-
jects and development; and to implement systems of acquisition and data treatment.
However, since the students are in an advanced stage of the Mechanical Engineering cur-
ricula, and considering student’s feedbacks, there is a need to develop a project which is
guided toward more innovative, creative, and entrepreneurial solutions. In that sense, this
proposal presents a different approach to the IP VIIL

This proposal considers concepts from the MIT Innovation Teams program’® and the
model implemented at Sheffield University.?” The main objective of IP VII is to provide
students with several skills that are needed to face real-world problems, giving them tools
to scale up an idea, analyze its impact, and work on their communication skills, to be able
to communicate actively these ideas in real-world conditions. In that sense, the students
are prepared for innovative and entrepreneurial environments, which increase their
motivation.’ Here, the tutor acts as a PI and can be a Professor, researcher, PhD
student, or Post Doc and the main objective is the development of a business plan for
a new technology that can be proposed by the students, research centers, or companies.
The final presentation follows the “SharkTank” idea, a 2-min elevator pitch to convince
the audience about the viability of the projects. In this presentation, the jury should be
composed of the course coordinator, a member of Startup Braga (entrepreneurship
company), a member of TecMinho (a nonprofit entity that links the University of
Minho and the industry) and a member of a Venture company (such as Portugal
Ventures). The three guests, according to their work field, must assess if the projects
have potential to go further or not. As mentioned by Mughrabi and Jaeger®” including
company representatives increases the quality of the evaluation.

Integration project VIIl. The actual concept implemented in IP VIII is maintained, in the
sense that the projects are proposed by the DEM teachers, allowing students to
propose their projects. However, the contribution of the industry is also considered in
this proposal. In that sense, companies are allowed to propose projects. This approach
considers on one hand the difficulty that the students have to perform a good state of
the art and, on the other hand, the lack of preparation of the students to write a paper.
In some cases, the students never had the opportunity to write a paper during their
degree. However. it is important to understand the methodology applied in a scientific
paper. This can be useful for the development of their thesis, allowing them to
perform good scientific research, focusing on the information which really matters.
Furthermore, this IP is an opportunity for the students to integrate research groups. As
mentioned by Damas et al.,’’ undergraduate research experiences are one of the
leading high-impact practices to encourage students to pursue a research career.

Faculty training

The success of the implementation of the PBL model is essentially due to the quality of
the teachers. However, it is extremely important to prepare all the staff involved in PBL
courses, to ensure the proper operation of the classes, appropriate tutoring, and the correct
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definition of the evaluation criteria, that guide the students to the successful development
of their project.'? Lima et al.’® mentioned that the two reasons that lead to the unsuccess
of the implementation of a Project-Based Learning approach are related to the inflexibil-
ity of the organization’s curriculum which is not propitious for interdisciplinary environ-
ments and the lack of teacher’s collaboration and engagement to implement PBL models.
In that sense, faculty training is crucial to stimulate self-assessment and raise awareness
about the skills that the students need to follow with success.'**

The faculty training proposal is based on several “teacher training” implemented all
over the world, mainly: the course “Introducing Project-Based Learning in the class-
room” conducted by Paslawski et al.>® and Zaidi et al.** The main topics of these sessions
are presented in Table 6. It is expected that this training session occurs in a period more
favorable for the faculties and other members interested in this initiative. The sessions
have a duration of approximately one hour each, considering approximately 45 min of
training and 15 min of discussion.

Conclusion

This work presents the relevant information to understand the principles and the philosophy
behind Project-Based Learning, as well as different examples of the implementation of this
learning methodology in several Universities of the world. Converging the information
obtained from the literature review, a new proposal was presented for the Integration
Projects implemented in the Mechanical Engineering course at the University of Minho.
This vision tried to respond effectively to the necessity of the students, using successful
tools and methodologies, being designed in such a way that it could be integrated into the
IMME course and not as a non-tangible ideology. The student’s feedback, both on the assess-
ment of their work but also the monitoring of their learning progress, was presented and ana-
lyzed. This study was crucial to identify the strong and weak points of the methodology
implemented and the main limitations of the model, that can cause student resistance to
active learning are identified. This analysis allows to focus on the aspects that must be
improved, in order to be introduced in the new proposal, such as, more creative and innova-
tive projects, some of them linked to the industry, to motivate and challenge the students.
Another important conclusion from this work is related to the involvement of external
guests from the industry, organization, and other Departments of the University of Minho,
being crucial to open horizons and to introduce new perspectives and ideas to the students.

As a side note, some of these ideas are in process of being implemented as the
Mechanical Engineering course is going through a reorganization. More emphasis is
put on student’s work (by reducing the formal lecture load and increasing tutorial lec-
tures) and by bringing industrial partnerships for the IP’s.
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