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Editorial

The CDIO approach is an innovative educational framework for producing the next
generation of engineers. The aim is an education that supports students in acquiring
deep working understanding of technical fundamentals while simultaneously
developing the necessary professional skills required of a practising engineer. This is
done by providing students with dual-impact learning experiences that are based upon
the lifecycle of an engineering project, the Conceiving i Designing i Implementing 1
Operating (CDIO) of real-world products, processes, and systems. Throughout the
world, more than 180 institutions have adopted CDIO as the framework of their
curriculum development.

The Annual International Conference is the central meeting of the CDIO Initiative, and
it includes presentations of papers as well as specialised seminars, workshops,
roundtables, events and activities. The 16th International CDIO Conference was
planned to take place in Bangkok, Thailand, on June 8-12, 2020, hosted by
Chulalongkorn University and Rajamangala University of Technology Thanyaburi.
However, the travel restrictions due to the COVID-19 pandemic necessitated a change
of format from a physical to an online conference. The online conference was hosted
by Chalmers University of Technology, Sweden, June 8-10, 2020.

The theme of this year was Sustaining Change. The theme is visible in the keynote
presentations and paper presentations. A roundtable session was focused on the
changes to engineering education pedagogy driven by the move towards online
learning technology that was radically accelerated by the pandemic. The rich topical
program facilitated lively discussions and contributed to the further advancement of
engineering education.

The conference included three types of contributions: Full Papers, Project in Progress
contributions and Roundtables. The Full Papers fell into three tracks: Advances in
CDIO, CDIO Implementation, and Engineering Education Research. All contributions
have undergone a full single-blind peer-review process to meet scholarly standards.
The Projects in Progress contributions describe current activities and initial
developments that have not yet reached completion at the time of writing.

Initially, 208 abstracts were submitted to the conference. The authors of the accepted
Full Paper and Projects in Progress abstracts submitted 134 manuscripts to the peer-
review process. During the review, 429 review reports were filed by 116 members of
the 2020 International Program Committee. Acceptance decisions were made based
on these reviews. The reviewersoé6 const
the authors of the accepted papers when they prepared the final versions of their
contributions. We want to address our warmest thanks to those who participated in the
rigorous review process. Due to the rapid change of the conference format, most of
the Project in Progress contributions were encouraged to withdraw and resubmit to a
future conference.

This publication contains the 64 accepted Full Paper contributions that were presented
at the conference, of which 8 are Advances in CDIO, 46 are CDIO Implementation,
and 10 are Engineering Education Research. These papers have been written by
around 190 different authors representing 23 countries. In addition to the Full Papers,
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6 Projects in Progress contributions were presented at the conference and are not
included in this publication. Two working groups worked prior to and during the
conference. We hope you find these contributions valuable for your own research,
curriculum development, and teaching practice, ultimately furthering the engineering
profession. We also hope that you benefit through the truly unique community of
practice that exists within the CDIO Initiative. The participants present at the
conference seized the opportunity to discuss and share with colleagues, as global
awareness and partnerships are of significant importance in the education of the next
generation of engineers.

Gothenburg, 10 September 2020
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REFORMED CURRICULA: TOOL FOR PROVIDING PROFESSIONAL
GROWTH FOR STUDENTS

Mari-Selina Kantanen, Sanna Tyni

Lapland University of Applied Sciences, Finland

ABSTRACT

The engineers need a good knowledge of their special technical field but also, e.g., social,
analytical thinking, problem-solving, language skills, and especially how to combine their own
knowledge with other specialists. Furthermore, there are always new areas of expertise that
engineers should master, for example, bio and circular economy, which joins different sectors
and experts together. The Lapland University of Applied Sciences (LaplandUAS) has reformed
curricula of educations. The new curricula are based on competence and problem-based
learning. The Mechanical Engineering curriculum consists of the academic years, and CDIO-
type semester project courses are arranged in each semester. The curriculum permits flexibility
to the contents, and it can be updated if there are new subjects from the engineering field to
be taught for the students. For example, in the Mechanical Engineering studies, the circular
economy is integrated into various courses. The students will have the know-how of the
utilization of circular economy principles in their future careers. The academic year themes in
the Mechanical Engineering are Learning about Work of Mechanical Engineers, Engineer's
Toolbox, Creative Engineers, and Pre-Engineers. First year's semester projects are "On the
way to Becoming an Engineer" and "Language of the Engineers." The second year's projects
follow CDIO project steps more clearly so that C-D phases are taught in the autumn semester
and I-O phases in the spring semester. The subject of the project is given by the teachers, and
the students need a different kind of competence. The new curricula require collaborative
teaching and development of the learning methods and environments. New themes and
knowledge demand of the industry and society to future engineers direct teachers to update
the content of the courses. All these new elements of the new curricula have increased the
motivation of the students. Additionally, the level of dropouts has decreased, which indicates
that the changes are heading in the right direction.

KEYWORDS

Development of curriculum, competence and problem-based learning, sustainability, bio and
circular economy, motivation, Standards 1, 2, 3, 4, 5, 6, 8, 9, 10, 11

INTRODUCTION

Working in the technological field requires the ability to update knowledge and skills due to the
continuous change of working life. Engineers should master new areas of expertise, and they

should recognize the different ways to utilize their expertise in new situations. One example of
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this kind of change is the engagement of bio and circular economy in different areas of the
industrial field. In the short term, bio and circular economy have become a megatrend that
joins different sectors and experts together, providing several development possibilities in the
vast technological field.

The transfer towards industrial bio and circular economy demands an educated workforce,
who have the knowledge and understanding of how circular economy is implemented in their
work. The Lapland University of Applied Sciences (LaplandUAS) has reformed curricula of the
educations based on these identified demands. The new curricula started in the autumn of
2017 and are based on competence and problem-based learning. The professional growth of
the mechanical engineers proceeds gradually from the first academic year to the last year.
Every semester has a CDIO- type semester project course and various study modules
reflecting the competences. In the Mechanical Engineering studies, the themes of the circular
economy are taught in various courses, e.g., material sciences, manufacturing, designing,
energy technology, and maintenance. Additionally, the themes of the circular economy are
also present in the semester projects.

During the update of curricula, LaplandUAS made an alignment of engaging the bio and
circular economy to be part of the engineering education. The development work has been
done through a European Social Fund (ESF)-funded "Development of a study module for
circular economy and industrial side flows and piloting it in cooperation with companies'-
project together with Kemi Digipolis Ltd. The aim of the project was to engage bio and circular
economy in engineering education. The development work was planned together with regional
industries, due to most of the graduated students are hired in local industries. In this way, the
graduated students have the expertise which is most likely to benefit their future employers.

HEADING TO SUSTAINABLE DEVELOPMENT AND CIRCULAR ECONOMY

Global warming and environmental issues have become to the point where we must make
changes globally. In Europe, the European Union has taken a guiding role and set up
strategies and targets for the next decades to decrease environmental gas emissions.
Additionally, the EU has been supporting the implementation of new, more sustainable
technologies and solutions. Important progress has already done, but there is still constant
pressure to move forwards, e.g., in sustainable development in cities or industrial activities.
Achievement of these demands requires significant investments and research to develop new
technologies, energy efficiency, and potential ways to utilize new energy sources and raw
materials. Above all, the EU needs educated engineers who can work with multidisciplinary
fields of industry.

Alongside actions towards a more sustainable way to act, the EU has set targets for the
implementation of a circular economy action plan. (EU Circular Economy Action Plan, 2020)
EU has collected 54 actions, which will shape the economy towards a climate-neutral and more
circular economy. Actions will minimize the impacts on natural and freshwater resources as
well as ecosystems. Implementations are focused especially on the lifecycles of the different
kinds of products. According to the estimations, the circular economy can offer benefits by
decreasing the EU's carbon emissions by 450 million tons by 2030. Additionally, it will save
600 Mrd U4 for EU businesses and create 580, 000 n

According to the EU, the circular economy consists of general measures such as product
design, production process, consumption, from waste to resources (secondary raw materials),
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and innovation, investment, and other cross-cutting issues. (EU Circular Economy, 2019)
Additionally, the EU has determined actions for specific materials and sectors, which are
plastics, food value chain, critical raw materials, construction and demolition, biomass, and
bio-based products, as well as a review of fertilizer legislation. These materials and sectors
are most likely facing challenges as they are heading towards a circular economy, therefore
needing an educated workforce to implement changes.

Alongside with EU, there are foundations such as the Ellen MacArthur Foundation (Ellen
MacArthur Foundation) and the Finnish Innovation Fund Sitra (Sitra, Circular Economy), which
are making a remarkable work at the European level as well as globally, to boost
transformation towards bio and circular economy. Both have been funding development work
of circular economy in the R&D sector as well as in the educational sector. They are
continuously publishing new reports about circular economy activities. In 2016, Sitra published
the world's first national road map for a circular economy. The focus of attention was on the
role administrations can play in enabling things, on the encounters of different operators in
society, and on cooperation between companies. The road map was updated in 2019. "Critical
Move" describes the vision, strategic goals, and concrete actions accelerating the transfer
towards a circular economy in Finland by 2025. (Sitra Critical Move, 2020)

The main idea of a circular economy is to avoid linear "Make-Take-Waste" economy and
design systems so that material, components, products, and value bound to them circulates
inside the system as long as it is possible. Production and consumption should be designed to
avoid loss and waste. In the long term, material and energy efficiency creates environmental,
as well as financial benefits. Alongside products, a circular economy is adding value by
creating services and digital solutions based on intelligence. Transformation towards a circular
economy requires systemic change, and therefore the changes must be made in policy actions
as well as in municipalities or strategies of industries. The transition will also require knowledge
and know-how, and above all, open-minded cooperation between operators. (Sitra Leading
the Cycle, 2016)

The systematic transition towards a circular economy in the industrial sector will require a new
kind of expertise and ability to utilize know-how in new ways with experts from various sectors.
Therefore, there is a need for educational development to increase the understanding of the
sustainability of the students.

CURRICULUM DEVELOPMENT AS A TOOL FOR ALLOWING FLEXIBILITY INTO
TEACHING CONTENTS

The curriculum of Mechanical Engineering consists of projects and various study modules
reflecting the competences. The learning and/or problem-based project is in the center of every
semester's theme, and the contents of the different study modules are integrated into the
content of the semester project. The names of these projects and study modules are inspiring
and modern and try to illustrate better the theme of the academic year to the students.
(Kantanen & Ruottu, 2017) The professional growth of the mechanical engineers proceeds
gradually from the first academic year to the last year in every academic year and semester
themes. Figure 1 presents an example of a semester project and how the study modules
support this. (Kangastie & Mastosaari, 2016)
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SEMESTER THEME PROJECT, 5 ECTS,

Competence
achieved during
the semester

I/' " - . 1 ,
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5 ECTS, 5 ECTS, 5 ECTS, 5ECTS, 5 ECTS,
ass. 1-5 ass. 1-5 ass. 1-5 ass. 1-5 ass. 1-5

h v Yy

Figure 1. An example of the semester theme. (Kantanen & Ruottu, 2017)

In the first academic year, the students practice basic subjects of Mechanical Engineering
combined with natural science, language, and social skill studies. The field of Mechanical
Engineering becomes familiar to the students. First year's autumn semester project is On the
way to Becoming an Engineer in which the students are familiarized with different kinds of
industries of the Lapland region. In this project, the students learn some basics of the circular
economy (phase C - Conceive), and they study how this theme is shown in the mining, steel,
paper, forest, energy and machine workshop industries (phase D - Design). The semester
project culminates with a fair where the students introduce their semester project results
(phase | T Implement), and the companies introduce activities and practical training
possibilities for the students (phase O - Operate). The fair also contains competition for the
teams. The participants of the fair can vote for the best poster and the best performance among
the projects (Figure 2).

Figure. 2. The company booths at the fair (left) and the winners of the student projects (right).
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First year's spring semester project is called as Language of the Engineers. In this project, the
students build spaghetti bridges in smaller teams. The building of the spaghetti bridges
requires competencies such as designing and technical mechanics. This project follows the
CDIO-phases, where the students Conceive the structures of the bridges in project groups,
and then they Design the selected structures with CAD programs. The implementation is made
by building the structures, and finally, the Operation of the learning process is made by
demonstration of the structures and strength tests of the bridges. The results are presented in
the Project seminar day, arranged for the co-operative companies and other partners of the
LaplandUAS. During the seminar day, student teams are also competing for the best
implementation of spaghetti bridges. The participants of the fair vote for the greatest bridge,
which is awarded at the end of the day. (Kantanen & Ruottu, 2019)

In the second academic year, the basic tools of Mechanical Engineering become more familiar,
and the students learn how to apply all the knowledge they have achieved. The students can
also work on the projects, and they can apply different kinds of problem-based methods. The
CDIO model is divided into the academic year so that phases C (Conceive) and D (Design)
are implemented in the autumn semester and the phases | (Implementation) and O (Operate)
in the spring semester.

The autumn semester project, Engineer's Toolbox, is a product development project. The
theme of the project is to design a table fan in a smaller group, and the theme is given by the
teachers. Supporting courses, such as Engineer's Mathematics, CAD as a Tool,
Technical/Engineering Mechanics, and Automation Solutions, are provided for the students to
build up the required knowledge for the product development. The students participate in the
designing process, CAD labs, material selection, and planning the designing and functions of
the product. They also draw up technical drawings and charts, as well as evaluate the
expenses and cost-effectiveness of the product. The exchange students are also participating
in the project; therefore, teaching is also given in English, also providing internationalization
for the Finnish students at home. (Kantanen & Ruottu, 2019)

During the spring semester's project, Pouch the toolbox, the students complete the designing
of the products (I i Implementation phase) and prepare a prototype (O i Operate phase).
Therefore, they need competencies, e.g., in material science, 3D design, effective production
methods (Lean, 5S), as well as energy technologies. The students can utilize 3D printing or
machining steel into the manufacturing of the parts of the table fans. The manufacturing of the
parts can be done at school, home, or at work. It is also required to pay attention to the life
cycle of the product and make improvements in the product design. Additionally, Operation
and maintenance are considered, and students learn how to productize products and services.
The designed and manufactured table fans are demonstrated in the semester Project seminar
day together with the first-year student's spaghetti bridges (Figure 3). (Kantanen & Ruottu,
2019)

During these two first years of studies, the bio and circular Economy themes are taught to the
Mechanical Engineering students in different courses. The teachers are selected what themes
suites best to the content of the course. In Mechanical Engineering Education, all of the
students accomplish extensive knowledge of the bio and circular economy, Figure 4.
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Figure 3. The first year's students, presenting spaghetti bridges (left) and a winning table
ventilator solution by the adult student team (right).
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Figure 4. The content of the bio and circular education in Mechanical Engineering.

The theme of the third academic year is Creative Engineers, and the semester projects are
based on the real working life problems provided by regional companies. There are three
different kinds of alternative professional study options in the Mechanical Engineering
education curriculum. The students are allowed to choose one of them to be completed during
the third academic year. These alternative professional studies are Industrial Professional,
Product Development Professional, and Mining Professional. In the region of Lapland, the
industrial sector is mainly consisting of steel, paper, energy, mining, design, and engineering
workshop companies; therefore, the subjects of the projects can vary a lot. The student is
allowed to pick up the project subject suiting best for his/her career plans. One theme is also
related to the circular economy or contains aspects of it. (Kantanen & Ruottu, 2019) First
company-based projects, implemented with a new curriculum, started in autumn 2019 with C
and D phases. The | and O phases are going to be progressed during the spring semester
2020. In their last academic year, the students deepen the Mechanical Engineering
competence before they graduate at the end of the year.

DEVELOPING ENGINEERING EDUCATION WITH ESF-FUNDED PROJECT
Since 2017, Lapland UAS has been developed engineering education to contain bio and

circular economy alongside engineering education. Development work has been done in the
European Social Fund (ESF)-funded "Development of a study module for circular economy
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and industrial side flows and piloting it in cooperation with companies"-project together with

Kemi Digipolis Ltd. The project is also called CircularSchool, and it will be finished by the end

of the year 2020. The total budget of the projectis 230,352 0, which280bht-BSRs 1
funding provided by the North Ostrobothnia Centre for Economic Development, Transport and

the Environment (ELY Centre).

The project was planned to develop bio and circular economy contents inside the engineering
studies and study projects. The theme is broad, and therefore every study field has its own
perspective, how the circular economy is conducted inside specific themes. Mining, steel, and
forest industry are the main industrial fields in the Finnish Lapland. Production is concentrated
on material production; therefore, the production of final products is rare. Bio and circular
economy underline the circularity of the systems and reusability, recycling and
remanufacturing are the ways to improve the systems to be more sustainable. In the future,
the aim is to improve the utilization of industrial side flows as a raw material for other industrial
processes.

The transfer towards industrial bio and circular economy demands an educated workforce,
who have the knowledge and understanding of how circular economy is implemented in their
work. In Finland, especially in scarcely populated areas such as Finnish Lapland, there are
difficulties in getting enough workforce in the companies. Usually, people who have born and
studied in the area are most likely going to stay there, and therefore it is highly important to
provide high-quality education for the residents in the area.

The development of the circular economy education was done together with regional
companies. Lapland UAS implemented meetings and interviews with regional companies to
discover the needs of companies especially related to bio and circular economy. On this basis,
the new bio and circular economy contents were planned to be fitted inside the engineering
education. The cooperation with regional companies especially appears in the semester
projects. Companies can offer themes or subjects for the students to be solved during the
projects. The challenge to be solved by the students might be related, e.g., to an industrial side
flow, which the company would like to utilize as a raw material for the production of another
product. As mentioned above, the supporting subjects are provided alongside the project so
that the students have the required knowledge to solve the challenge.

CONCLUSION

The new curricula in LaplandUAS are based on competence and problem-based learning. The
curricula require collaborative teaching as well as the development of the learning methods
and environments. The students learn working life skills alongside their engineering studies.
Additionally, they have to take more responsibility for their studies. The Mechanical
Engineering curriculum consists of academic years. CDIO-type semester project courses are
arranged in each semester, and different courses are integrated into the projects to give an
overall insight into the contents of the semester theme. The challenges in lifelong learning and
development of the competencies require educators to develop the contents of the degree
programs. The new curriculum permits flexibility to the contents by providing the possibility to
be updated if new subjects are popping up from the engineering field. In the case of the circular
economy, the students will have the know-how of the utilization of circular economy principles
in their future careers.
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The ESF Funded CircularSchool project has enabled the bio, and circular economy contents
are included inside the engineering studies and study projects. The development of the circular
economy education was done together with regional companies, which assure that the
teaching contents are relevant and the companies can get a skilled workforce now and in the
future. The theme is broad, and therefore every study field has its own perspective, how the
circular economy is conducted inside specific themes.

The attractiveness of the engineering studies can be improved with the development of the
curriculum and teaching contents. This is especially important in scarcely populated areas
such as Finnish Lapland, where different industries and companies need a skilled workforce.
With all these efforts, made in engineering education in the Lapland University of Applied
Science, the diversified professionals are educated for the industries and companies. It has
also been seen that dropouts of the studies have decreased by the two-year experience of this
new competence and problem-based curriculum. Additionally, the motivation of students to
their studies has improved, and the students are interested in the new themes, such as bio
and circular economy, in their studies. The development of teaching is continuing.
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REVERSE ENGINEERING AND INTRODUCTION TO ENGINEERING
DESIGN

Petros Siegkas

Nottingham Trent University, UK

ABSTRACT

This paper describes practical elements during two terms of a first-year module within which
CDIO standards are implemented. The aim of this practical module is for students to practice
their fundamental knowledge and develop the required skills to complete projects that are
structured according to industry standards. Several skills are involved in working within a
professional engineering environment, beyond the strictly technical knowledge. The intention
is to make the students also aware of these skills. During the first term of year one, the module
includes a team-based reverse engineering project. Students are assigned to teams and given
an appliance. They are expected to conceptually and physically deconstruct the device and
analyze the relevant aspects of both of its parts and as a whole. Aspects would include
scientific principles related to function, design considerations, the context of use, etc. The
teams will then propose improvements on individual parts and the device as a whole, in terms
of either function, price, manufacturing, or sustainability. The work is presented to the class
and compiled into a group report. During the second term, the students are trained in design
software (Autodesk Fusion 360 CAD, CAE, CAM), including basic finite element simulation,
and are given two design tasks. The first is to use laser cutting to design a small wooden bridge
based on certain specifications (e.g., dimensions, load-bearing), including some aesthetic
elements, using limited resources (i.e., material allowance). The second is to design and
optimize (in terms of mass) a support structure of certain dimensions and load-bearing capacity.
The structures are then manufactured and assembled, i.e., laser-cut, and 3D printed
correspondingly, weighted and tested for their load-bearing capacity. Assessment is based on
a relevant portfolio. Throughout the two terms, lectures are delivered on project management
and product development, as well as case studies by guest lecturers of various engineering
fields. The module has been very well received with high student ratings in relevant surveys.

KEYWORDS

Introduction to engineering, design process, CAD/CAE/CAM, active learning, Standard 1, 3, 4,
5,8,11

INTRODUCTION

Since 2017, Nottingham Trent University (NTU) has established a new engineering
department. The following paper describes practical elements during two terms of the first-

year module in engineering, called Innovation and Engineering Solutions. The module covers
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about a third of the first-year curriculum, and the described elements account for 50% of the
module grade. The module is taught across all engineering courses offered by the department,
i.e., Electronic, Biomedical, Sports, and Mechanical engineering. All engineering courses are
structured so that to include engineering fundamentals, e.g., mathematics, specialized
modules for each course (e.g., electronics). And practical skills modules such as the module
described below. The aim is to have the students practicing their knowledge and develop the
skills required to complete projects that are structured according to industry standards. There
is a number of skills involved in working within a professional engineering environment (e.g.,
team building, communication, etc.) beyond the strictly theoretical knowledge of the topic. The
intention is to make the students aware of these skills, in addition to the purely engineering
practical skills.

Students taking the module are either domestic or international with a wide range of
educational backgrounds. Entry qualifications may vary, i.e., A level, BTEC, foundation, as
well as different backgrounds in terms of the educational systems they attended. In addition,
students may vary in terms of their talents and dispositions (Thomas & May, 2010). Provided
the students achieved the entry requirements, the department and University have additional
provisions in order to assist students in acquiring necessary prerequisite knowledge in related
topics, e.g., math or chemistry, regardless of the differences in educational background.
Provisions are also made in terms of learning disabilities, e.g., dyslexia, according to University
guidance. The projects described below are multifaceted in a way that can allow students to
build upon their strengths but also push beyond their comfort zone such that they can identify
and develop new skills. Tasks were designed to require several skills, including critical thinking,
effective communication, technical knowledge, science and engineering fundamentals,
independent study, creativity, team building, etc. Students were guided through a structured
process that aimed to facilitate active learning.

Other institutions have reported modules with similar elements in terms of technical content
and structure and in accordance with CDIO standards. A reverse engineering module was
used as part of innovation training (ZU et al., 2012). CAD, CAE, CAM environments, and CNC
machines were used to introduce students to the engineering design tools and process as part
of a 4-week independent activities course (Deweck et al., 2005). 3D desktop printers were
used at NTNU for a group design project (Haavi et al., 2018) in which students were able to
choose their own teams out of participants from two courses. An engineering design and
optimization module, based on CDIO standards and including industry involvement, was
developed as part of a postgraduate course (Quist et al., 2017). The NTU module, described
in this paper, aims at integrating and introducing these tools, processes, and practices, early
in the student's engineering education (i.e., first year).

FIRST TERM: REVERSE ENGINEERING

During the first term of the first year, the students are required to complete a reverse
engineering project during weekly 2-hour lab sessions. The intended learning outcomes
roughly include an introduction to the basics of engineering design, engineering considerations
within the design (e.g., materials), processes, and methods of working (e.g., team
collaboration). The students are assigned into mixed teams, in terms of engineering courses,
in order to avoid potential clustering of similar dispositions and, therefore, to introduce some
diversity in the teams. Each team draws a number from a ballot that corresponds to an
appliance or device that the team would have to work on. The project was structured in a way
common for industry, i.e., with the use of three "gateways" or checkpoints as feedback
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opportunities at which the students would have to pause and provide certain deliverables as a
form of formative assessment. Upon passing the gateway, the students are ‘'allowed' to
progress to the next stage of the project. Roughly, the project "Gateway 1" would include tasks
of an initial analysis of the product in terms of external description, concept analysis, function,
need it serves at a specific and general context, price, market and history and then if possible
some potential improvements at first instance, that could be analyzed further during the next
stages. Passing through to "Gateway 2" the students would physically disassemble the device
to its constituent parts for which a bill of materials would be filled. The function, materials, price,
etc. of each part would be recorded, and pictures of each part would be numbered and archived.
The students would be able to use any available reliable source to obtain the relevant
information and understand the potential reason behind the design considerations and function
of each part. The part would then be numbered and placed on boards in an orderly manner
(Figure 1).

Figure 1. Example of a board with parts from a reverse engineering project

Progressing to the 3 gateway, the students would have to deliver two paragraphs for each
part. The first paragraph would have to be a description and a critical evaluation of the role of
the part in the device. The second paragraph would need to propose, when possible, potential
improvements in terms of either price, function, manufacturing, or sustainability. Each team
would then finally need to present their findings to the class (formative assessment) and get
feedback from peers and tutors. They would then compile a report that would be the actual
item on which they would be graded (summative assessment).

Each lab session would start with a brief (approximately 10 minutes) introduction to content
relevant to the lab tasks for the day. In parallel to the lab sessions, there would be lectures,
delivered at a different time, that would cover design and product development aspects
(Eppinger & Ulrich, 2015). Additionally, invited guest lecturers would deliver talks on case
studies from their professional experience. This would assist in eliciting important aspects and
approaches to product design and engineering projects through experienced practitioners. All
content, including recorded lectures, would then be available for students to access online.
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The reverse engineering project structure and content were chosen so as to try and enable
active learning as much as possible. The method is also included in the NTU teaching
development framework standards. The students were given direction and instructions so as
to perform actions collectively. During the process, i.e., dismantling an appliance, the students
would have to engage in critical thinking and reflect, so that to be able to describe each part's
function within the appliance and its relation to the whole. This is in alignment with (Bonwell &
Eison, 1991) (p.iii) who argue on the value of student actively performing actions and thinking
on the actions they are performing. Additionally, the students would be encouraged to research
each part, e.g., materials, using any medium they choose (e.g., internet, library) and at their
own pace. In this way, they could build their own knowledge, connect the new ideas and form
an enhanced understanding (Brame & Director, 2016) in a wider context, e.g., considering the
need that the appliance is serving, the appliance itself, and the relation to individual parts. This
was in alignment with the work of (Tynjala, 1999) (p.365) who recommended the choice of
tasks that enhance the process of active knowledge construction.

The team element was designed in a way so as to promote inclusivity. The students were
mixed regardless of educational background and furthermore between different courses. This
was done to promote diversity of backgrounds, and potentially mixed talents and dispositions.
The variety of tasks would also enable students of various educational backgrounds to engage
in the process. Some tasks were more technical, e.g., dismantling a device and identifying
functions, which could potentially be easier for the student from a more technical background,
and some tasks more theoretical such as written descriptions. The students could choose
tasks that either felt more comfortable doing or try venturing outside their comfort zone and
develop in new areas. This would give the opportunity for everyone to engage, participate, and
contribute. Commonly, engineers are assigned to teams. The skill to be able to effectively
collaborate within a team can be important in a professional environment.

The literature on collaborative learning, i.e., students working in teams towards a common goal
(Prince, 2004), suggests that a social element may enhance the process of constructing
meaning (Tynjala, 1999) and that peer to peer interactions may promote the development of
'‘extended and accurate mental models' (Brame & Director, 2016). The idea of constructive
alignment as an effective method in teaching is also proposed in the literature (Biggs, 2011).
The premise is that the learning outcomes, teaching and learning activities, and assessment
tasks should be aligned. In this example, the students would perform tasks observed and
guided by the module leader, which would result in the deliverables that would compose their
assessed work. Through this process, the learning outcomes would be achieved. This method
was preferable rather than lecturer performing tasks and observed by the students.
Engineering is an example of a discipline that involves practice as well as the accumulation of
various information.

Arguably, this project at the beginning of the first year gives students the opportunity to rethink
the way they view everyday objects. This would align with the idea of threshold concepts in
which acquired concepts, that might be challenging for learners, can lead to conceptual
transformation and reveal hidden interrelatedness (Schwartzman, 2010).

The teaching in this example was aimed to give structure and case study experiences leading
to the desired outcomes. The students engaged in discussions within the team during the
various parts of the project, e.g., the practical dismantling of the appliances, led to reflection
and analysis. Their work was presented verbally to the class, which allowed them to practice
an important required skill and get feedback from both their peers and tutors. Feedback during
the gateways and from their peers after the presentation would be incorporated in the required
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report for their actual assessment. The project was designed as a multi-layered learning
experience. Rather than going through a description of case studies in a lecture format given
by a tutor, a more practical approach was implemented to approach the desired outcomes.

During the laboratory sessions, there was high attendance, and students seemed quite eager
to proceed with the projects. There were certain elements that seemed to produce excitement,
e.g., the ballot draw for the appliance assignment, or especially towards the dismantling stage.
On several occasions, the students would try and stay longer beyond the session so that to
continue working. This, however, was not possible due to room bookings. Teams seemed
engaged in relevant discussions that seemed constructive, pleasant, and cheerful. Tutors
would periodically pass by the groups and join the conversation answering any potential
guestion and suggesting guidance as to how they could find out relevant information. Arguably,
the pleasant social element and the excitement during tasks (e.g., dismantling devices) could
be elements of positive reinforcement within the learning experience. Positive reinforcement
could be an effective motivational factor, preferable to a negative one, e.g., the threat of a bad
grade.

The resulting reports that were submitted by the students were of a good standard with a high
overall average mark. Student surveys scored high in overall student satisfaction. In
combination with the various opportunities at which students got feedback either by their peers
or tutors, the increased interest and enjoyment could arguably be the reasons for the student
performance. A peer review element was also included. Confidential peer review forms were
submitted in which students had to rate their team members from a scale between 0-5, with 0
being no contribution or absent, and 5 being significant contribution above average. Action in
terms of grade differentiation within a team was only taken when multiple members of a team
rated a teammate with O or 1. Additionally, within the report, a section was included that would
roughly summarize the parts with which each member contributed. The team grade was a
reflection of the collective result. The grades were also moderated in accordance with NTU
regulations. However, individual efforts within team projects are practically difficult to assess
precisely. It remains a challenge for tutors to establish a system that would accurately and
perfectly capture individual effort. Nevertheless, the long-term individual benefit, in terms of
knowledge and experience, is often proportional to engagement and effort, regardless of the
grade. Overall the goals of the module were achieved, and important skills were elicited and
practiced in agreement with the relevant literature. The students were exposed to several
challenges and were benefited in various ways.

SECOND TERM: WOODEN BRIDGE AND SUPPORT STRUCTURE OPTIMISATION

Having reflected on design concepts and considerations during the reverse engineering project,
the students would then progress to design projects for the second term. They would be asked
to complete two small projects (wooden bridge, optimizing a support structure) that would
include basic characteristics of typical engineering projects, i.e., resource restrictions,
functional and dimensional specifications, some space for creativity, etc.

During the second term of the same module, the students are introduced to laser cutting, which
is a manufacturing technique that involves cutting sheets of material using a laser beam. The
assessment would be based on a portfolio style presentation of their work. Prior to the start of
the project, guest instructors were invited from a CAD software company (Autodesk) in order
to train students on Fusion 360, which would be used for the projects. We organized three
days of training with company instructors on campus. Within this time, the students would
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follow the instructor's steps for small tutorial projects that would include all the necessary steps,
which would then be useful for their module. During these tutorials, the students would be
assisted at each step by the instructors. The students were also provided with online tutorials
and teaching resources related to the topics that were covered during class.

After the software training, the students would be encouraged to research bridge designs and
then use Fusion 360 software to design their own. The type of bridge was left open for the
students to decide; however, there were some resource restrictions (in terms of use of the
material), basic dimensions, and load-bearing specifications (support 1kg). Apart from the
purely functional side, the students were urged to include an aesthetical aspect of their designs.
The design should be made in a way that would be compatible with the manufacturing method
(i.e., laser cutting). The use of adhesives for structural purposes was prohibited. That would
provide them with an opportunity to further think and understand the manufacturing method
and how manufacturing affects design.

The wooden bridge project had 3 "Gateways," which would serve as formative assessments
of the student's progress. The students would have to submit predefined deliverables on which
they would get feedback. Those were all necessary stages that would be included in their final
portfolio as parts of their summative assessment.

For the first gateway, the students would have to use the software to design a bridge (to be
manufactured with the laser cutting method) and assembile it virtually as a three-dimensional
model. The second gateway would include using the software for the simulation of the bridge
with the predefined load. Potential improvements would be made to the design, if necessary,
to reinforce the structure. For the third gateway, the students would use CAM (computer-aided
manufacturing element) to ensure compatibility with the manufacturing method, export the
drawings in a format compatible with the laser cutter and queue for cutting and assembly (
Figure 2). On the final day of the term, the session was organized as an event in which the
students test their design for structural integrity. Prizes were given by guests from an
independent, engineering-related, professional body on the best bridge design.

Similarly, for the support structure design, an initial template of a support structure was given
with certain dimensions defined. The structure would have to be optimized using the simulation
tools and stress distribution in order to reduce the use of the material as much as possible for
supporting a 5kg load. The structures would then be 3D printed, weighted, and tested on the
final day of the term (Figure 3). A small prize was given to the student with the lightest structure
that would support the 5kg.

The tasks leading to the portfolio were chosen in order for the students to acquire some
necessary skills for prototyping with consideration to available manufacturing methods. The
projects served as an introduction to designing, modeling, manufacturing, and then presenting
their work. The CAD software was taught by experienced instructors, i.e., professional experts,
and then online resources were provided to revisit the material and potentially expand their
knowledge. During the projects, the students would have to engage in active learning, i.e.,
individually performing tasks and building their own knowledge and understanding of the
available tools (NTU academic policy and practice). All guidance material would be available
online at the NTU online learning system, i.e., NOW, and students could monitor their own
progress in addition to the feedback they would be receiving.

The assessment would "encourage the students to position themselves as active learners"
Aswin et al. (2015, p257) towards critical thinking and constructive judgment of their work. In
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this example, both formative and summative assessments require the students to perform the
necessary tasks and then present them visually, which puts them in a position to view them as
a third party and reflect. The portfolio representation would have to present their work and
convey the skills that the student has used to complete the project. The tasks were directly
linked to the learning outcomes as they were necessary for the effective use of the
manufacturing method at hand. This is in alignment with the authors mentioned above and the
concept of constructive alignment. The students having to exhibit their process within a
portfolio allows them to view the process themselves and gives them a greater picture of the
steps required for prototyping and communicating an idea and its implementation. Revealing
the relevance of a taught topic can increase motivation. This was implemented in teaching
mathematics (Deshler & Burroughs, 2013). However, it could also apply to other disciplines.
Potentially, when students see the value of certain skills, they might be more motivated to
acquire them. On this occasion, the students were able to experience a creative process from
concept to prototype.

Figure 2. Example of a wooden bridge project (example of student work curtesy of Mr.
Edward-Joseph Cefai)

The projects were designed to have several feedback opportunities for the students, e.g., the
"Gateways," which are formative assessments. According to Hattie and Timperley (2007, p.86),
the aim of feedback is "to reduce discrepancies between current understandings and
performance and a goal." In addition, often in engineering, there are more than one ways to
reach a goal or solve a problem. Feedback is also given in order to help students with practical
difficulties or to point out a potentially more efficient way that a certain outcome could be
achieved. Deconstructing the goals, examining the process, and identifying the activities
towards progress, allows students to step back and reflect on their approach. More specifically,
in this example, the software has a number of tools for designing structures, and a
manufacturing process might have certain strengths and limitations. Helping the students use
the tools in the best way, and designing with efficient manufacturing in mind adds another
important dimension to their work. The intermittent formative assessments allow for picking up
on weaknesses and working with the student towards developing new skills, early in the project,
and before the summative assessment. This approach also provides the student with a general
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process of regularly evaluating their work and identifying weaknesses and areas for
improvement. "Gateways" or checkpoints, i.e., scheduled points within a project were they can
stop, reflect, and seek advice, is a process often used in professional engineering
environments. This is in agreement with the NTU quality handbook were the inclusion of
reflection and future development is promoted. Ashwin et al. (2015, p. 253) also point out the
importance of "assessment for longer-term learning." Regular formative assessments in the
form of discussion also assist students in developing a way of thinking that is related to their
subject area. As was done in this example, and during the gateway discussions, the students
were able to better understand the value of the process and enter into a dialogue with the
tutors to clarify any ambiguity. This enhances the experiential learning aspect, which is
important in practical skills. Practical elements can be more complicated to express in a written
manner than it is to demonstrate and discuss. By understanding the important and relevant
values and principles through experience, the students can develop or enhance their internal
value system that feeds to their creativity. Developing an internal professional value system is
important. Similarly, Hattie and Timperley (2007, p. 91) advocate "self-regulation." During the
projects, tutors would try and provide suggestions for alternative ways to proceed for various
tasks and explain the benefits and potential costs of each. Students were given choices rather
than instructed on a single course of action. The purpose was to promote the development of
an internal values system and empower the students with choice and ownership over their
projects.

Figure 3. Example of the optimization process for the pier support structure (example of
student work curtesy of Mr. Christie Teehan)
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