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WELCOME TO PAEE/ALE’2016

Dear Participants,

Welcome to PAEE/ALE’2016, the 8th International Symposium on Project Approaches in Engineering Education (PAEE) and 14th
Active Learning in Engineering Education Workshop (ALE). Educating engineers that will shape our future is an important task. But to
be frank, in many places engineering education has a bad reputation: it is boring. The study to become an engineer is difficult and
requires a lot of hard work. Engineering education is no fun. But it does not have to be that way. Engineering education can be
stimulating and motivating, challenging students to solve problems from engineering practice like real professionals.

The past years PAEE and ALE have been organized in different parts of the world, aiming to enhance Active Learning, Problem and
Project-Based Learning in Engineering Education through active involvement of participants in a variety of sessions, hands-on,
workshops, debate sessions, industry panel, interactive poster session, paper sessions, keynote sessions and student project awards.
This year is a special edition of the symposium as we continue to join forces with Project Approaches in Engineering Education (PAEE)
and ALE (Active Learning in Engineering Education Network) to create opportunities for learning and networking of Engineering
Education professionals who are dedicated to active learning.

The PAEE symposium is organised by the PAEE association (http://paee.dps.uminho.pt/) and the Department of Production and
Systems of the University of Minho, Portugal, since 2009, and aims to join teachers, researchers and professionals concerned with
Engineering Education. ALE (http://www.ale-net.org/) is an international network of engineering educators, initiated in 2000,
dedicated to improving engineering education through active learning.

The theme of this year's conference - Sustainability in Engineering Education - is aligned with the location of the hosting event. The
city of Guimaraes is candidate for the 2020 European Green Capital Award, an excellent opportunity to discuss research and current
practice under this challenging theme.

We would like to express our sincere gratitude to the participants that makes this event possible and for all the support that we had
during this last year from different persons and organizations.

We hope you will enjoy the conference, the social program and your stay in Guimaraes,

Rui M. Lima
Erik de Graaff
(Chairs of the PAEE/ALE’2016)
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Rui M. Lima - Department of Production and Systems - Engineering School, University of Minho

Erik de Graaff - Department of Development and Planning - Aalborg University, Denmark

PAEE/ALE’2016 ORGANISING COMMITTEE

Rui M. Lima - Department of Production and Systems - Engineering School, University of Minho, Guimaraes, Portugal

Erik de Graaff - Department of Development and Planning - Aalborg University, Denmark

Anabela Alves - Department of Production and Systems - Engineering School, University of Minho, Guimaraes, Portugal
Andromeda Menezes - Department of Production and Systems - Engineering School, University of Minho, Guimaraes, Portugal
Diana Mesquita - Institute of Education / Dep. Production Systems - University of Minho, Braga, Portugal

Dinis Carvalho - Department of Production and Systems - Engineering School, University of Minho, Guimaraes, Portugal
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Natascha van Hattum-Janssen - School of Creative Technology - Saxion University of Applied Sciences, Enschede, the Netherlands
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Rui M. Sousa - Department of Production and Systems - Engineering School, University of Minho, Guimaraes, Portugal

Sandra Fernandes - Department of Psychology and Education, Portucalense University, Porto, Portugal

Valquiria Villas Boas - Centro de Ciéncias Exatas e Tecnologia - Universidade de Caxias do Sul, Brasil
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PAEE/ALE’2016 Invited Speakers

PAEE/ALE’2016 attracted renowned keynote speakers, who are experts at Engineering Education in general and Project Approaches
in particular. We are honoured to have the following inspiring keynote speakers:

e  Anette Kolmos - Director for the Aalborg (UNESCO) Centre for Problem-Based Learning in Engineering Science and
Sustainability, Denmark.

e  Valquiria Vilas-Boas - Full professor at Centro de Ciéncias Exatas e da Tecnologia of the Universidade de Caxias do Sul (UCS)
in Brasil.

e Donald D. Carpenter - Professor of Civil Engineering at Lawrence Technological University in Southfield Michigan, USA

ANETTE KOLMOS

Theme: Global Sustainability Goals and PBL in Engineering

Short bio

Professor Anette Kolmos is the Director for the Aalborg Centre for Problem-Based Learning in Engineering
Science and Sustainability. Her other portfolios include Guest Professor at KTH Royal Institute of
Technology, Guest Professor at UTM University Technology Malaysia, Associate Editor for the European
Journal of Engineering Education and was Associated Editor for Journal of Engineering Education (ASEE)
and President of the European Society for Engineering Education. She was awarded the IFEES Global
Award for Excellence in Engineering Education in 2013. Over the last 20 years, Professor Kolmos has
researched on development and evaluation of project based and problem based curriculum, change from
traditional to project organized and problem based curriculum, development of transferable skills in PBL
and project work, and methods for staff development. She has supervised 13 PhD projects and published
over 200 articles.

VALQUIRIA VILLAS-BOAS

Theme: The importance of Team Work in Engineering Education: from High School
to University

Short bio

Valquiria Villas-Boas is a full professor at Centro de Ciéncias Exatas e da Tecnologia of the
Universidade de Caxias do Sul (UCS) in Brazil. She has a B.S., M.S. and PhD in physics from the
Universidade de Sdo Paulo. Her M.S. and PhD theses treated magnetic and structural properties of
hard magnetic materials. Before working at UCS, she was an assistant professor at Universidade de
Sdo Paulo, University of San Diego and Evergreen Valley College. She is also part of the faculty of
the Master’s Program in Science and Mathematics Teaching at UCS. She teaches basic physics for
the engineering and physics students. She has been teaching engineering students for the last 20
years. She is the coordinator of the Engineer of the Future project at UCS. She is a member of the
Steering Committee of the Active Learning in Engineering Education (ALE) of which she was
chairperson from January 2011 to January 2014. She is also a member of the Consultative
Committee for the Aalborg Centre for PBL in Engineering Science and Sustainability.

vii
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DONALD CARPENTER

Theme: Engaging and Motivating Students (and Faculty) Through an Active Exercise

Short bio

Donald D. Carpenter, PhD, PE, LEED AP is Professor of Civil Engineering at Lawrence Technological
University in Southfield Michigan USA. He is an accredited green design professional (LEED AP) and
practicing professional engineer (PE) whose expertise and research interests include engineering
ethics, entrepreneurial engineering, green infrastructure, innovative stormwater best management
practices (BMPs), hydraulic and hydrologic modeling. As a researcher, he has been an author on
nearly 100 peer reviewed manuscripts, an investigator on over S5M USD in external funding, and a
presented his research and development projects on five continents. His University appointments
include serving as University Director of Assessment from 2009 to 2012 after serving as founding
Director of the Center for Teaching and Learning from 2006 to 2009. He has co-developed a series
of faculty development workshops to bring innovative team based problem solving into the
engineering curriculum to promote the entrepreneurial mindset. Over 800 of faculty from around
the world have participated in versions of this workshop and activities were featured in the past two
Active Learning in Engineering Conference in Brazil and Spain. In 2014, the Kern Family Foundation
named him their national Most Outstanding Faculty member for these efforts. Finally, he is a
member of the Steering Committee of the Active Learning in Engineering Education network.

MICHAEL CHRISTIE

Theme: Using Flanagan’s Critical Incident Technique to Improve Active Teaching and
Learning in Engineering Education

Short bio

From 1999 to 2012 Michael Christie worked in Sweden, first at Chalmers University of Technology in
Gothenburg, where he was in charge of a teaching and learning centre, and then from 2010 at
Stockholm University, where he was Sweden's first Professor of Higher Education. During that time
he has been an active member of ALE and served on the advisory committee. Michael's research is
concerned with fundamental epistemological questions such as how knowledge is built and the best
ways of promoting learning in engineering and higher education. He is also interested in the most
pedagogical ways of using digital tools in teaching and learning. Having run courses for PhD
supervisors as well as supervising and marking PhD theses, he is currently researching the most
efficacious way of supporting the PhD process. His own PhD was a contact history between Aborigines
and Colonists in early Victoria, 1836-1886, and he has maintained an interest in cross-cultural
research. In Sweden he received substantial funding for research and development projects aimed at
improving learning and teaching in Higher Education. He took up his current post at the University of
the Sunshine Coast in February 2013. He is also interested in the most pedagogical ways of using
digital tools in teaching and learning — see Michael's response to the question 'Does ICT affect higher
education?' at: http://www.youtube.com/watch?v=mWDOER _mPXo

viii
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PAEE/ALE’2016 Industry Panel: Sustainability in Engineering
Education for Sustainable Engineering Practice

Engineers must be able to develop their professional activities to deal with a large variety of different problems, using different
competences. They should be able to mobilize adequate knowledge, methods and abilities, both in industrial and service business
contexts. Furthermore, future engineers must be able to address real problems in practice and come up with solutions that integrate
simultaneously economic, environmental and social needs. Developing competences during the initial training phase requires that
the curriculum and learning methodologies are adapted to that purpose. Moreover, it is not enough to develop learning processes
centred in knowledge transfer, but it is necessary to go one step further and apply active learning methodologies, like peer instruction
and problem and project-based learning.

The members of this panel and the audience will discuss the fundamental professional competences required for future engineers,
and the best approaches for developing those competences in interaction with industry partners.

e  Marta Catarino - TecMinho and ASTP-PROTON pan-European association - moderator.
e  Augusto Gomes - IKEA Industry Portugal, Lda.
e  Clementina Freitas - Latino Group
e  Estevdo Silva - Bosch Car Multimedia Portugal, S.A
e  Jorge Rodrigues - Nanium S.A.
e  Nuno Barros - Leica Portugal
MARTA CATARINO
Short bio

Marta Catarino is the Director of the Technology Transfer Office of University of Minho - TecMinho,
where she manages a team of 12 professionals in 3 business units: Industrial Property Management,
Technology Commercialization and Entrepreneurship. With an academic background in Engineering
and post-grad studies in Industrial Property, Marketing and Strategic Management, Marta has
managed more than 20 European projects and overseen exploitation of more than 100 research
results, through licensing, venturing and collaborative research. Marta has delivered seminars,
workshops and training in more than 25 countries, and is regularly invited as an expert by the World
Intellectual Property Organization and as an evaluator of proof-of-concept projects for the European
¥ Research Council, the Ministry of Education of the Czech Republic, the Finnish Academy of Science
and the Generalitat de Catalunya. Since 2016, Marta is President of ASTP-Proton, the European
Knowledge Transfer Association, that represents knowledge transfer professionals and offices in
Public Research Organizations throughout Europe.
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PAEE/ALE’2016 Hands-on sessions

An important feature of the ALE workshop is the hands-on programme. Active learning approaches are usually aimed at the increase
of student involvement in learning, therefore, a hands-on session on active learning count on active involvement of its participants.
Three different hands-on are scheduled, meant to enable the enhancement of active learning practice.

HANDS-ON 1 - WHAT IS THE ROLE OF GROWTH WHEN TALKING ABOUT TECHNOLOGY
AND SUSTAINABILITY?

Miguel Roma and Tomas Martinez - Signals, Systems and Telecommunications
group (SST), University of Alicante, Spain

In the context of engineering education, it is compulsory to make the students think about the impact that technology has in many
aspects of life. We, as engineers, and our students as future engineers, must be aware of both kind and awkward effects of technology
from the widest possible range of points of view. Issues like how to manage technological waste (related to programmed
obsolescence), the risk of the generation of unemployment caused by the use of technology (automation and robotics), the relevance
of having a strong technological industry to support our working environment, the relationship between sustainability and renewable
resources..., are clear examples of aspects suitable to generate interesting debates. However, there is a key element that is commonly
left apart as it derives to uncomfortable conclusions. Can we talk about sustainability avoiding thinking about the effects of economic
growth? In this hands-on we will present an activity used to promote critical thinking in students about the relationship between
economic growth and sustainability. We will try to present the most common thoughts when technology, energy, sustainability and
growth are placed in the same bowl. If we conclude that economic growth and sustainability are not odd with each other, a pleasant
landscape will be shown in front of our eyes. Notwithstanding, if we conclude that sustainability is not achievable in a growth
environment, the panorama will possibly be comfortless.

HANDS-ON 2 - SUSTAINABILITY IN ENGINEERING EDUCATION

Pau Bofill, Montse Farreras - Department of Computer Architecture, UPC Barcelona
Tech, Barcelona, Catalonia

This document presents a Hands-On session on Sustainability in Engineering Education. Sustainability is defined as the use of
resources in such a way as to allow them to regenerate in time. Sustainability should be considered in connection with equity, so that
the resource is equally available to everyone. Then several categories for analysis are defined, such as GDP growth, progress,
environment or holistic so as to guide the discussion. The hands-on takes place in small groups, that are asked to write a short poster
on how they would introduce the subject of sustainability in a project with their students. The learning goal is that sustainability is a
holistic quality, that has to do with many dimensions at the same time.

HANDS-ON 3 - INTEGRATION OF THE MODEL BASED DESIGN — INDUSTRIAL APPROACH
- FOR TEACHING ENGINEERING SCIENCE

Ascension Vizinho-Coutry - The Mathworks, Inc.

Model-Based Design (MBD) has been adopted in the past two decades by engineers and researchers. By adopting MBD the
development process is centered on the system model, from requirements capture, design to implementation and test throughout
the process. Using Modeling, Simulation, Automatic Code generation and Test capabilities, MBD can be applied to any project ranging
from small device implementation to enterprise applications and vehicles. The French Ministry of Education is revamping the science
and technology flow, starting from High-School to University levels with the integration of “Engineering” into schools. This is being
done for two reasons: 1- to attract students to become engineers and 2- to reduce the gap between Educational schools and Industry
by developing appropriate skills for the next generation of engineers. Engineering Sciences topics are attracting more attention and
weight during evaluations and exams. French teachers are increasingly adopting MBD workflows within their courses. This workshop
will present the association of the Model Based Design (MBD) and the recent French teaching Gap Analysis approach. This
combination enables students not only to learn the Engineering workflow (or V-cycle) but also learn the disciplines relevant to the
selected course. The main topics are: (i) Model-Based Design principles; (i) Gap Analysis approach for teaching Sciences and
Engineering; (iii) Teaching concepts through a simple problem: the design of logic of the angular position controller of a DC motor;
(iv)Focus on different domains: mathematical equations describing the systems behavior and concepts relevant to engineering.



=]+ "ME

PAEE/ALE’2016 Workshops

An important feature of the PAEE Symposium is the workshop programme. Projects approaches to learning are usually aimed at the
increase of student involvement in learning, therefore, a symposium on project approaches like PAEE/ALE’2016 count on active
involvement of its participants. Two different workshops are scheduled, meant to enable the enhancement of project practice and
the reflection on practice.

WORKSHOP 1 - ROBOSLAM: ROBOT-BUILDING WORKSHOPS FOR ENGINEERING
EDUCATORS

Shannon Chance, Damon Berry, Ted Burke and Frank Duignan - College of
Engineering and the Built Environment, Dublin Institute of Technology, Ireland

A volunteer team of engineering and robotics teachers from Dublin Institute of Technology (DIT) will offer a two-hour hands-on
RoboSlam: Robot Building Workshop for educators who attend the PAEE and ALE conferences. Participants in this workshop will each
construct a working robot and will also learn about our train-the-trainer program. No prior robotics experience is necessary!

Our team has used this Problem Based Learning format to teach hundreds of students and teachers in Ireland how to build and
program robots. To date, RoboSlam has been delivered 38 times, to more than 677 participants and to an additional 100 students at
our sister Institute of Technology in Blanchardstown (ITB), Ireland. We have trained many people to facilitate these workshops
successfully, including third-level students studying electrical and electronics engineering and also tutors running a professional
practice module at ITB.

WORKSHOP 2 - ACTIVE LEARNING EXERCISE: VIEWING OTHER STUDENTS' PROJECTS
THROUGH GREEN LENSES

Jacqueline Asscher - Quality and Reliability Engineering, Kinneret College on the Sea
of Galilee, Israel

The activity as run with 3rd year undergraduate students. This 2.5-hour activity has several learning objectives: get to know a number
of good projects carried out by students from previous classes; learn about writing an abstract and writing and editing a project by
experiencing reading 10 abstracts and one project; practice viewing projects from a sustainability point of view ("green lenses");
practice summarizing and presenting. The lecturer selected ten projects based on criteria of relevance to sustainability, good quality
and variety of topics. Step 1: Working in pairs, students read all ten abstracts and selected and ranked five. This was done in advance
by email. Step 2: Students worked in class in pairs, reading the project they were allocated and preparing a five minute presentation
that answered two questions: What was the content of the project? How was sustainability considered, and how could it have been
considered further? For example, in one project the reliability of a system was evaluated, but the cost of over-design (using materials
and processes that are more expensive than required) was not considered. Step 3: Students gave presentations, each student
answering one of the two questions. Step 4: Each student wrote a reflection exercise consisting of writing five points on "how to
write a good abstract" and five points on "how to write and edit a good project". The students found the activity very useful as they
will soon start their own final projects. They had ideas about how sustainability could have been incorporated in the projects that
they reviewed. For the conference. Participants will enjoy seeing projects from other programs ("benchmarking") and experiencing
one way that they can be used as a teaching resource. Also, this is an opportunity to look at a range of engineering projects from a
sustainability point of view.

Xi
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PAEE/ALE’2016 Paper Sessions, Debate Sessions, Students Sessions and Interactive Poster

Session

This program of sessions can be changed during the event. Please check the web version for updates.

Row Labels
Debate session

# presenter

authors

DB.A

EN
07/07/2016

14:30:00

13 Benedita Malheiro

26 Benedita Malheiro

36 Michael Christie

DB.B

Adam Jenei, Aleksandra Bazylinska, Joanna Walczak, Sander Kittis, Manuel Silva, Benedita Malheiro, Cristina Ribeiro, Nidia Caetano, Paulo Ferreira and
Pedro Guedes
Learning Sustainability with EPS@ISEP — Development of a Water Disinfection System

Anthony Fountain, Bartosz Kuron, Carina Bentin, Eughan Davies, Kristjan Suits, Paloma Fernandéz de Toro Ronda, Abel Duarte, Benedita Malheiro, Cristina
Ribeiro, Fernando Ferreira, Luis Lima, Paulo Ferreira and Pedro Guedes
Learning Sustainability with EPS@ISEP — Development of an Insectarium

Michael Christie, Maureen O'Neill, Kerry Rutter, Graham Young and Angeline Medland
Engendering diversity in Engineering Education and other STEM subjects: a case study in sustainability

141 Ricardo Abdoel and llona Verwaal

Ricardo Abdoel and llona Verwaal
How to create an ecosystem for engineering education to prepare future professionals to sustain in a fast changing and dynamic environment?

EN
07/07/2016

14:30:00
Jodo Mello Da Silva, Jodo Carlos
46 Felix Souza

76 Dan Centea
130 Anabela Alves

Maria Olga Bernaldo, Gonzalo
146 Fernandez

Jodo Mello Da Silva, Jodo Carlos Felix Souza, Marcia Longen Zindel, Simone Borges Simdo Monteiro, Andrea Cristina Santos and Carlos Henrique Rocha
Innovative Experiences and Proposals in Engineering Education for Sustainability: Application to the University of Brasilia Undergraduate Production
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Abstract

In the context of engineering education, it is compulsory to make the students think about the impact that technology has
in many aspects of life. We, as engineers, and our students as future engineers, must be aware of both kind and awkward
effects of technology from the widest possible range of points of view. Issues like how to manage technological waste
(related to programmed obsolescence), the risk of the generation of unemployment caused by the use of technology
(automation and robotics), the relevance of having a strong technological industry to support our working environment,
the relationship between sustainability and renewable resources..., are clear examples of aspects suitable to generate
interesting debates. However, there is a key element that is commonly left apart as it derives to uncomfortable conclusions.
Can we talk about sustainability avoiding thinking about the effects of economic growth?

In this hands-on we will present an activity used to promote critical thinking in students about the relationship between
economic growth and sustainability. We will try to present the most common thoughts when technology, energy,
sustainability and growth are placed in the same bowl. If we conclude that economic growth and sustainability are not odd
with each other, a pleasant landscape will be shown in front of our eyes. Notwithstanding, if we conclude that sustainability
is not achievable in a growth environment, the panorama will possibly be comfortless.

Keywords: Education for Sustainability, Sustainability and Economic Growth, Engineering and Technology.

1 Introduction

We, as educators, expect engineering students to be aware of the future as a global issue. In fact, students
explicitly want to discuss about ethic and sustainable development in engineering and engineering education,
as conclude in the Board of European Students of Technology Symposium hold in Madrid in 2006 (BEST, 2006).
Anyway, we can introduce elements closely related with the engineering framework in order to generate the
appropriate working environment to think actively and critically about the future. The relationships of
technology and sustainability, renewable energies and life-style, economic growth and ecologic waste
management and, in general, the role of Engineers and Engineering in the consecution of a ‘friendly’ future are
topics relevant enough to be taken into account in the engineering education process.

As a sample of different ways to tackle these kind of debates with engineering students, we introduce a first
relationship of engineering and economy with first year students using the same state-space formulation used
for electrical circuit analysis to study the behaviour of economic problems. In this course, the students learn to
represent any electrical network with passive and active components using state-space equations [Martinez-
Marin, 2010]. They solve problems both from engineering (the state variables are the voltage on capacitors
and/or intensity in inductors) and economy (the state variable is money). For example, a simple RC serial circuit

is formulated by the following equation:
dx 1 N 1
at - RC TRC"

where x is the state variable and represents the voltage on the capacitor (C), R is the resistor, and u(t) is the
input. On the other hand, an economic problem is modelled by the equation:

@, +1L
dt—lx
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where x represents the capital, i is the annual interest rate and L is a monthly payment. For instance, this simple
state-space model can represent a deposit (L=0), a retirement plan (L>0) or a mortgage (L<0). Very interesting
issues arise when the state-space equations are analysed in terms of stability, transient response, overshoot
and steady-state (sustainability). A key difference between engineering systems and economic systems is that
electrical networks are designed to avoid the exponential growth (of electrical variables) in most applications,
whereas economic systems are designed to promote the exponential growth as an desirable and necessary
outcome.

With third year students, we use role-play to promote discussion about the gap of ethics in engineering [Roma
and Ballester, 2012]. In this case, teams of students are asked to prepare arguments in favour or against some
particular cases previously presented in which technology presents a clear ethical issue. In a second stage,
teams have to confront their arguments and very interesting debates arise. Question like ‘would you develop
your work in a weapons factory?’ or ‘will you agree with locating the manufacturing centre of your enterprise
in a developing country to reduce costs and ensure firm availability?’ lead to incredibly interesting debates.

In this sense, we try to reach a new level of debate taking into account global variables. The proposed activity
presents two different levels. On the content side, we propose to discuss about sustainability, future, economic
growth, technology and the role of engineers in this puzzle. The second level of the activity will explore the
effects of confronting one’s mind scheme against facts that may not fit well in this structure. Usual reactions
can be to deny the facts, re-interpret the facts to make them fit with the mind scheme so this scheme will be
stronger or to make tremble the mind scheme. At first sight, the discussed questions may seem simple, but the
pack formed by economy, environment and society is a very complex dynamic system. The fact that the system
is dynamic is one of the key elements justifying the interest of making students think about these concepts. As
stated in [Booth-Sweenwy and Sterman, 2000], highly educated subjects with extensive training in maths and
science have poor understanding of some of the most basic system dynamics, as a result of some tests with
students at the MIT Sloan School of Management.

2 Activities

There are many contributions analysing the factors affecting sustainability. The funny part is that it is possible
to find the same factor considered as an element that will and will not ensure sustainability. Ecologists,
economists, engineers or scientists show very different points of view polarized by their academic profiles. For
instance, while ecologists clearly rely on renewable energies as the key element for sustainability, [Cheng, 2015]
clearly states that renewable energy will not be able to replace fossil fuels, and the work by [Adair, 2010] points
out that the installation, operation and maintenance of renewable plants needs fossil fuel questioning the
sustainability of renewable energies. In this sense, the evolution (and future projection) of energy production
is used as a key argument (figure 1). In figure 1 the units used to measure fossil and renewable production
have been intentionally selected different. The drawback is that the tendency observed in the figure, even that
the evolution is clear, it is not sufficient, as the scales are different measuring fossil and renewable production.
Nowadays the energetic efficiency of renewable sources cannot be compared to that provided by fossil fuel.

Even general people without specific knowledge can also defend very different positions depending on their
mind model. One of the most found positions is that based on the hope that technological improvements will
be able to manage energy-related issues. In this sense, as pointed out in [Tlusty, 2015] influencing people, as
the General Electric CEO Jeffrey Immelt claimed that for achieving sustainability, technology is the only answer.
A curious aspect highlighted in this work is that, in almost all the cases, when technology is apparently used
with sustainability goals, the reality is that these technological improvements, under the tag of restorative
technologies, their real mission is to reduce our impact on the planet caused by older technological
developments.

The main goal of the session will be to explore the initial position regarding this topic and confront it with
analytical information that can be easily handled from an engineering profile. Some recommended reading
available on the Web is provided in the reference section.
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Figure 1. Evolution and future projection of fossil and renewable energy in the United States (source: peakoilbarrel.com /
U. S. energy information administration).

In order to avoid the possibility of generating different ideas from those previously owned by the attendants
to the proposed session, we will advance just an overview of the kind of activity that will be performed, as it is
important to allow each participant to present his or her ideas about the topics presented. Moreover, as there
are many possible different ideas, it is impossible to know in advance how the session will evolve. Working
groups will be aimed for the first part of the session in order to get a general idea of related topics by answering
to a series of questions as:

o  What is sustainable development?

e What is green capitalism?

e |s there any potential problem related with the actual economic model?
e |s our actual economic model sustainable?

e s there any dangerous factor compromising future sustainability?

¢ Can renewable energies ensure sustainability?

e Which is the role of technology to ensure future sustainability?

e Can we, as engineers, take an active role towards sustainability?

e |s slow economic growth compatible with sustainability?

Some literature will be available for in-situ reading.
The main ideas will be stated in posters.

After a brief presentation of the previous results and a subsequent discussion, teams formed by people showing
similar points of view will be organize to prepare arguments to defend a concrete position. During the following
discussion, new elements will be introduced and we will explore their effect in the initial points of view.

The final part of the session will be used to conclude the key elements considered to be able to ensure
sustainability and how these factors will affect to our future life. We will also analyse how this ideas can be
fitted in our mind model. We will finish with the presentation of a three minutes video as a closing conclusion.
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3 Expected results

As we are proposing a hands-on activity, its conclusion cannot be presented until the realization of the activity
itself, so this section presents just as an outline, the main ideas we expect to debate. The starting point will
necessarily be to share a definition of sustainability.

We expect that, after the session, attendees will have a technically sounding vision of sustainability that may
provoke some discomfort. We will discuss about the future from an economic point of view and the role of
technology and energy to ensure a sustainable future. We will introduce the concept of economic growth in
the equation and a discussion about economic growth and sustainability will follow [Higgins, 2013].

Due to the engineering profile of the attendees, the role of technology in the puzzle formed by society,
economy and environment.

We will explore if the initial mind model has or not been affected with the inclusion of new data. We will assess
the interest of carrying this activity with attendees’ students. We will study the possibility of exporting the idea
of mind model confrontation to the particular attendees’ areas.
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Abstract

Properly designed active learning instruction using "Hands-on" activities could result in higher student motivation and also
higher teacher involvement, particularly when it implies a change from less active learning strategies (lectures,
presentations) that are more commonly found in the daily life of students and teachers. Often, the expected learning
improvement after these changes in instructional strategies, are assessed by standardized tests that usually assess only the
declarative knowledge of the students. Occasionally, the impact of these proposals is measured by means of perception of
the students. These ways of assessing fail to address the question of what really students learn in Hands-on sessions and
if they really learn “"better” or “more” using this kind of approach. Actually, recent research suggest that not every active
learning session could promote improvements in learning, particularly in terms of conceptual knowledge and deep
understanding. This workshop aims to explore an active learning approach for equilibrium and stability concepts. The
activities proposed will show different ways in which these topics can be addressed in an active way with potentially very
different learning results. After analysing this experience, participants will be asked to design another learning activity using
approaches that effectively promote the expected learning. Designs and their analysis will allow the comprehension of
frameworks as Understanding by design or didactic engineering for the development of effective active learning sessions.

Keywords: Active Learning; Engineering Education; Symposium Information; Project Approaches.

1 Introduction

"Hands-on" (Ho) activities are considered to develop a deeper kind of knowledge (conceptual) as well as links
between theory and practice. Often, the expected learning improvement after these changes in instructional
strategies, is assessed by standardized tests that usually address only students' declarative knowledge. Even if
it can be expected an improvement in declarative knowledge due to the higher students motivation using this
kind of activities, this is not generally the main objective. Moreover, studies show that standardized tests are
not suitable for assessing this knowledge (Shavelson et al., 2005) except in case of Conceptual Inventory tests
(Pellegrino et al., 2013). Occasionally, the impact of these proposals is measured by means of perception of the
students which can be suitable for assessing students” motivation or involvement but gives few information
about knowledges.

So, common ways of assessing fail to address the question of what really students learn in Hands-on sessions
and if they really learn “better” or “more” using this kind of approach. Actually, recent research suggests that
not every Ho active learning session could promote improvements in learning, particularly in terms of
conceptual knowledge or deep understanding. For example, whether Ho is better than other approximation
like virtual laboratories or more classical paper and pencil activity (Schwishow et al., 2016; Triona & Klahr, 2007;
Brinson, 2015) has been discussed.

This workshop aims to explore some active learning approaches for equilibrium and stability concepts. The
activities proposed will show different ways in which these topics can be addressed in an active way with
potentially very different learning results. After analysing this experience, participants will be asked to design
another learning activity using approaches that effectively promote the expected learning. Designs and their
analysis will allow the comprehension of frameworks as Understanding by Design (UbD; Mac Tighe & Wiggins,
2012) or Didactic Engineering (Artigue, 1988) for the development of effective active learning sessions.

Hands-on activities and active learning

Prince (2004) argues “Active learning is generally defined as any instructional method that engages students
in the learning process. In short, active learning requires students to do meaningful learning activities and think
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about what they are doing™". So, active learning is generally associated to problem-based learning, project-
based learning and hands-on session. Some authors like Chi (2009) call this kind of activities “constructive
learning” and it is considered that it implies more than simply “doing something” (Hands-on/Mind-off).
Moreover, Bonwell & Eison (1991) wrote in their report about what Active Learning is, students “must read,
write, discuss, or be engaged in solving problems”, namely be involved, which not necessarily implies hands-
on or group activities. In fact, the effectiveness of hands-on activities is questioned by various authors. On the
one hand, the necessity of “"doing something with hands” is not very clearly linked to all kinds of learnings
except for young students and for some class of knowledges (Zacharia et al., 2012). On the other hand, some
authors (like Schwichow et al., 2016) have showed that the cognitive load during hands-on activity could
compete with deep learning. Moreover, comparative studies (Triona & Klahr, 2007; Brinson, 2015; Ma &
Nickerson, 2006; Wiesner & Lan, 2004; Zacharias & Constantinou, 2008) between real laboratories and virtual
or remote ones (i.e. using computer) also showed that manipulating real world is not a necessary condition to
reach effective learning (for example conceptual knowledges).

In this workshop, we propose three different activities about the same concept (equilibrium): two of these
activities are manipulative ones and the other one is a paper-and-pencil activity. The paper-and-pencil activity
was designed using the Didactical Engineering framework we present in the following.

The Didactical Engineering framework

One part of this workshop is based on an engineering students classroom sequence that promotes a conceptual
change in students’ mind in order to bring them to understand all equilibrium situations in a suitable coherent
way (Canu et al,, 2014). As it is a constructivist point of view, this aim cannot be reached without the use of a
student-centered teaching approach, namely an Active Learning approach. The design and the assessment of
the activity are in fact embedded in the Didactical Engineering (Artigue, 1994) methodology. As Artigue said,
“Didactical engineering is the design and experimentation of teaching sequences, adopting an internal mode
of validation based on the comparison between a priori and a posteriori analysis within the framework of the
Theory of Didactical Situations (Brousseau, 1997)". It is, with some precautions, at the same time a research
methodology and a methodology to develop teaching products.

The foundation of Didactical Engineering is the Brousseau's Theory of Didactical Situations. As Brousseau
claimed, "Teaching consists exactly in bringing about expected learnings in students by putting them in
appropriate situations in which they will respond spontaneously by some adaptations” (Brousseau, 1988, p.
324). The (learning) situations to which he refers are real active learning situations because they cause students
adaptations, namely constructions of knowledge.

The Didactical Engineering includes four steps (that we are not going to detail here):

- A preliminary analysis investigating the epistemological, cognitive and institutional conditions and
constraints;

- A design and a priori analysis with particular attention paid to the identification and selection of values for
the didactic variables and anticipation of their potential effect on the “students-milieu?" interaction;

- An experimentation;

- And a posteriori analysis and validation of the hypotheses underlying the design

Here, participants will experiment only one part of the entire didactical sequence designed for the students as
it consists normally in two 1h30 sessions.

Active learning design

During the second step of the workshop, participants will be asked to analyse the activity they experienced. In
order to do that, we propose to use a guide based on the Understanding by Design framework (UbD).

! Bonwell, C.C,, and J. A. Eison, “Active Learning: Creating Excitement in the Classroom,” ASHEERIC Higher Education Report No.1,

George Washington University, Washington, DC, 1991.
2 For more details about this notion of milieu, which is more than a simple social environment, read Brousseau (1988) La théorie
des situations didactiques, La pensée Sauvage, pp. 115-160, Grenoble.
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UbD is a curriculum design framework based on an assessment perspective. The knowledges assessment of a
learning sequence is included in the firsts steps of the activity design in order to insure an exact match between
the activity and the expected knowledges. Effective curriculum is planned backward from long-term, desired
results through a three-stage design process: Desired Results, Evidence, and Learning Plan. Even if this
framework was developed to curriculum design, it can be used to guide sequence design inside this curriculum.
For that, six facets of understanding — the capacity to explain, interpret, apply, shift perspective, empathize,
and self-assess — can serve as indicators of understanding. This process helps avoid the common problems of
treating the textbook as the curriculum rather than a resource, and activity-oriented teaching in which no clear
priorities and purposes are apparent.

The proposed backward design is composed of three stages guides by some key questions (Mac Tighe &
Wiggins, 2012, p.2):

First stage: Identify Desired Results

Key Questions: What should students know, understand, and be able to do? What is the ultimate transfer we
seek as a result of this unit? What enduring understandings are desired? What essential questions will be
explored in-depth and provide focus to all learning?

Stage 2: Determine Assessment Evidence

Key Questions: How will we know if students have achieved the desired results? What will we accept as evidence
of student understanding and their ability to use (transfer) their learning in new situations? How will we
evaluate student performance in fair and consistent ways?

Stage 3: Plan Learning Experiences and Instruction

Key Questions: How will we support learners as they come to understand important ideas and processes? How
will we prepare them to autonomously transfer their learning? What enabling knowledge and skills will students
need to perform effectively and achieve desired results? What activities, sequence, and resources are best
suited to accomplish our goals?

As said before, UbD is originally shaped for curriculum design but it is possible to use it as an activity or small
sequence design. This framework will also be used by participant to analyse the three firsts activities, in the
second step, as well as to attempt to improve them, in the third step of the workshop.

2 Activities

The aim of this communication is to show that not all hands-on activities lead to knowledge acquisition, or, in
some cases, drive to useless or irrelevant knowledge learnings with respect to the concepts goals. In fact, many
active learning sequences or sessions are not design from clear learning objectives. Frequently, the practical or
manipulative aspect is the only clear explicit objective while the professor wants to reach many other implicit
objectives. The main goal of the workshop is to drive the participant to identify the real — effective - learning
objectives in the three activities and to learn some elements that allow a more effective learning activity design.
As said before, the participants will be involved in three different activities (Hands-on and Hands-off) around
the same concept, each of them driving to different knowledges:

- Pendulum control activity
- Equilibrium cases study (like in Canu et al., 2014, 2015)
- Prototypic arm balance activity

Participants will be shared in small groups in order to probe one of the three activities. Then, a short
presentation of each activity will be organised so as to share each activity with the others and to discuss the
presumed learning objectives of each one. The second step consists in analysing each activity with the UbD
methodology in each group. In the third step, participants will be asked to attempt to improve the design of
each activity if it is possible, using the same framework.
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2.1 First step: group activities

After a short organisation phase each group receives a document with the description of the proposed activity
as well as some material depending on it. In this step, participants will experience the activities as student
would do it.

In the pendulum activity, participants should handle a metallic pendulum in order to find some important
variables that rule the pendulum equilibrium. They have to design some experiments so as to find these
variables as in an inquiry-based activity.

In the arm prototypic balance activity, participants should handle a metallic couple arm/fulcrum and some
counterweights in order to find important variables and rules that determine the balance equilibrium. They
have to design some experiments so as to find these variables as in an inquiry-based activity.

In the paper-and-pencil activity, participants are asked to define the equilibrium concept analysing some
fundamental and well-chosen situations (Canu et. al., 2014).

At the end this step, each group is asked to expose the content of its activity to the other groups. They are
invited to answer some questions about the presupposed learning objectives of each activity, and discuss those
objectives with the others. The aim of this debate is to test the participant ability to find explicit or implicit
learning objectives in the proposed activities. Participants have also to define if each situation is an active one,
and why.

2.2 Second step: activity analysis

In fact, few variables are controllable in the two hands-on activities, so only some aspects (and not the most
important ones) could be managed. In consequence, only very limited knowledges about the concept could
be reached:

In the pendulum situation, only the distance between the rotation axle and the pendulum centre of mass can
be changed. As the pendulum possesses only two equilibrium positions independent of the centre of mass
position, a very limited knowledge about the equilibrium concept can be acquire.

On the contrary, in the arm balance situation, as the fulcrum can be moved along the arm, it is then possible
to design richer experiments in order to investigate the system variables and rules (for example, the Archimedes
law of the lever). Nevertheless, only horizontal equilibrium positions can be reached. This implies also a quite
limited knowledge of the concept.

In the paper-and pencil situation, participants have to define the concept of equilibrium from the study of
three systems: an equal arm balance, a pendulum-on-a-cart system and a book on a table. In this activity, there
is a frail hands-on aspect contrary to the others. But, due to the adopted methodology (Didactical Engineering),
we can ensure a minimum level of understanding in the students/participants.

In this step, participants are asked to analyse the situation proposed in his/her group using the UbD key
questions described above. They are expected to detect the gap that exists in some situations between the
learning objectives and the knowledges promoted or induced by the situation. The key concept here is the
didactic variables (Brousseau, 1997) and their role in the behavior of the participant/student in front of such
situations. Here, the nature of the studied system is one of these didactic variables. Didactic variables are
fundamentals because they constrain the problems studied by students in an activity and drive their behavior.
So, through this behavior, they induce or prevent learnings in an implicit manner (Canu et al.,, 2014).

Many hands-on activities, like the pendulum situation or the arm balance situation, lean on the use of too
specific situations. Many times, the choice of these situations is not the product of the learning situation design
but the result of some preceding choices (the existence of some material in the professor laboratory is
sometime the cause of such a pre-choice). One of the aims of this step is to question this kind of implicit choice.
During the analysis of the three situations the participants are expected to detect this lack of adequate
connexion between situations and learning objectives in the first's two situations. The host will give some basic
elements of the Didactical Engineering methodology during this step.
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2.3 Third step: design activity

With the same tool (the UbD key questions), the participants are invited to find some ways of improvement for
the two hands-on situations. They have to study two ways: the first one is to change the situation and the
second one is to redefine the learning objectives of the situation, in order to reach a more accurate match
between these two elements.

3 Expected results

This workshop should drive the participant to a deeper understanding of the link between learning objectives
and activity in the framework of active learning. They are expected to understand the bases of two design
methodologies, the Understanding by Design and the Didactical Engineering one. They are expected to
understand some of the limits of hands-on activities and to be able to decide what kind of activity could lead
to what kind of knowledge.
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Abstract

This document presents a Hands-On session on Sustainability in Engineering Education. Sustainability is defined as the use
of resources in such a way as to allow them to regenerate in time. Sustainability should be considered in connection with
equity, so that the resource is equally available to everyone. Then several categories for analysis are defined, such as GDP
growth, progress, environment or holistics so as to guide the discussion. The hands-on takes place in small groups, that
are asked to write a short poster on how they would introduce the subject of sustainability in a project with their students.
The learning goal is that sustainability is a holistic quality, that has to do with many dimensions at the same time.

Keywords: Active Learning; Engineering Education; Hands on; Sustainability.

1 Introduction

The word sustainable is nowadays quite worn-out, and we should better redefine it before addressing the subject of this
paper.

A sustainable use of a resource means making use of it in such a way that it can replace itself fast enough, so that it is still
available the next time we need it. Using too much of the resource would drain it out, and it would become unavailable.
Such resources tend to be of common use, and if one person abuses from them, the whole community runs out of them.

An example of sustainable consumption might be the use of fire-place wood at a pace that the forest has time enough to
replace the wood that has been used. A non-sustainable use of the air is pollution with carbon dioxide, faster than the
atmosphere has time to reabsorb it, leading to the greenhouse effect and global warming.

Other resources, such as oil, exist in fixed quantities, and can never be replaced. They are not sustainable at all.

Sustainability should always be considered in connection with equity. The use of a resource is sustainable if it is, at the
same time, available to all. Selling and buying pollution rights is, from this point of view, not ethical.

From that point of view, money (and wealth) is also a non-sustainable resource. Credit apart, the overall amount of money
at a given time is fixed and scarce. Then, if some people or companies get more and more of it, the rest or the world goes
gradually into starvation.

Sustainability in Engineering Education should mean weather future engineers are educated in sustainability, and how. The
main question to have students reflect on might be: “Do engineering projects have anything to do with sustainability?” The
most common answer is “No”. Yet, since engineering is intrinsically reductionist, engineering projects tend to take into
account just a few physical variables like: “Will the dam resist the weight of the water?”, and a few chrematistic ones: “Is the
project profitable in the long run?” But nobody cares about the trouts that used to live in the river, or about the aboriginal
community that used to live on those trouts.

Sustainability in engineering must be looked for in the collateral effects of engineering projects. And not only on the
immediate effects of whatever is being built, but also in indirect relationships with society, the environment and the
economy. And, most of all, sustainability must be contrasted with the necessity of making more and more projects at all.

The goal of the workshop is to make participants reflect on the links between engineering and sustainability and how this
might be introduced in the engineering curricula.

2 Categories for the analysis
Sustainability can be analysed with respect to the following categories and dichotomies: GDP growth, development,
progress, energy consumption, environment (resources and pollution), reductionism of science, technification of society,
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patriarchy etc. And some of their counter-parts: happiness index, welfare economies, the commons, care-based societies,
the ecology of nature, holistic analysis, bio-feminism, etc.

3 The hands-on session (90")

Participants arrange themselves in groups of 3-5 people:

« (15" Introduction. Sustainability vs Equity. The dimensions of sustainability.

e (25" Group work. Engineering and Sustainability. Select one project that you have sometime made with your
students. Analyze it in group, in terms of sustainability. Was the question of sustainability posed or discussed with
the students? How? Write a short poster.

Some guiding questions to enhance group discussion:
- What is the relationship between engineering and sustainability?

- What was the impact of the project in the following areas: environment, energy, economy and social and political
equity?

- Was the project designed with sustainability in mind? Does the project have an immediate relationship with
sustainability?

- Was sustainability discussed or taken into account with the students?

. (20") Groups present their results. A list is written on the blackboard with answers to the following questions:
What categories have been of interest in the analysis for sustainability? What are the elements of sustainability in
a project?

« (30" Full group discussion. Conclusions.

4 Expected outcomes:

Participants are expected to share experiences, ideas and to collectively reflect on why and how we should educate future
engineers in sustainability. We expect as an outcome to define some criteria on how to approach the discussion on
sustainability in engineering education.

The learning goal is that sustainability is a holistic quality, that has to do with many dimensions at the same time.
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Abstract

A volunteer team of engineering and robotics teachers from Dublin Institute of Technology (DIT) will offer a two-hour
hands-on RoboSlam: Robot Building Workshop for educators who attend the PAEE and ALE conferences. Participants in this
workshop will each construct a working robot and will also learn about our train-the-trainer program. No prior robotics
experience is necessary!

Our team has used this Problem Based Learning format to teach hundreds of students and teachers in Ireland how to build
and program robots. To date, RoboSlam has been delivered 38 times, to more than 677 participants and to an additional
100 students at our sister Institute of Technology in Blanchardstown (ITB), Ireland. We have trained many people to facilitate
these workshops successfully, including third-level students studying electrical and electronics engineering and also tutors
running a professional practice module at ITB.

Keywords: Robotics; Electronic Engineering; Active Learning; Engineering Education

1 Introduction

We have developed a robotics workshop at Dublin Institute of Technology (DIT) that we have been able to
deliver to people of all ages around Ireland. Our intention with this workshop, to be held at the 2016 PAEE/ALE
conference in Guimaréaes, Portugal, is to give conference participants the chance to build a robot for themselves
and ask them to consider conducting similar outreach programs themselves. Given about 2 hours, each
participant can assemble a working robot using an off-the-shelf kit of parts and an Arduino Nano. With an
additional 2-3 hours, the participant can learn to code the robot to make decisions and do specific tasks. We
offer this workshop to children, teenagers, and adults in workshops ranging from 2-5 hours in length.

2 Activities

We are team of academics from DIT, which is a third-level Higher Education Institute founded under the Dublin
Institute of Technology, Act 1992. We conduct RoboSlam robotics and computer programming workshops for
children and teens. The mission of RoboSlam is to use fun robotics based programming activities to encourage
children to consider careers in engineering, computer science, and other areas of STEM. Our RoboSlam public
outreach and STEM engagement activities were founded by a team of four volunteer academic staff in Dublin
Institute of Technology (DIT) who specialize in computer engineering, electrical and electronics engineering,
and educational research.

To date we have delivered RoboSlam 38 times, to over 677 participants. We have conducted workshops at
festivals, Coder Dojo events and science shows across Ireland. We've conducted others in Dublin’s Science
Gallery, public libraries, and secondary schools. We've delivered workshops on our campus to visiting groups
of Transition Year engineering enthusiasts as well as third-level level students, educators, and researchers.

In addition, we have reached a wide audience by hosting Maker faire booths fro the past three years and
providing interviews for national television and radio programs.
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Our work started in 2012 when the first RoboSlam robot-building workshop for beginners was developed, pilot
tested with DIT staff, and then delivered to a group of Transition Year students. There are now 14 staff and 10
student volunteers actively involved. The RoboSlam workshop is delivered to students of all ages in Ireland.
The workshop curriculum ideally takes five hours, and was developed from a module provided to third level
students as part of the Electrical Engineering course at DIT. That module is named RoboSumo and the robots
compete against each other on various challenges culminating in a “Sumo wrestling” competition where each
robot locates and attempts to push its opponent out of the Sumo circle.

In the RoboSlam workshop each student is given the components to build and program an autonomous robot
that changes its behavior based on various environmental conditions. In all workshops, participants learn to
assemble electronic circuitry (first 2-3 hours). Often this is all the hosting organization has time for us to do
with the students. In optimal cases, we are able to provide the extended workshop (which takes 5-6 hours),
where participants also learn to modify and write code to change behavior and upload it into the robot's
memory chip.

In RoboSlam, participants learn together in a stimulating atmosphere, led by third-level educators who are
experts in Student-Centered, Problem-Based Learning pedagogies. The RoboSlam program has, to date, had
a direct and positive impact on participants. During the workshop participants learn about a core element of
programming called program control flow. By mixing digital and analogue techniques, students get an insight
into how programming makes "smart" computer-based systems such as robots, aircraft, and the Internet of
Things (IoT) interact with the physical world. In addition, participants get to bring home a working robot, a
tangible and engaging output for their efforts, which they can further develop.

Recently, we developed a “train the trainer” program and used it to teach others to facilitate RoboSlam
workshops. Last autumn (2015), we taught lecturers at Ireland’s Institute of Technology in Blanchardstown (ITB),
who are not experts in robotics, to facilitate workshops. The lecturers subsequently delivered the project to
over a hundred students, under the guidance of one faculty member who had technical expertise in the area.
He offered trouble-shooting services to the students, who actually did the project as part of their professional
practice class. The project was framed around the topic of collaboration, because this was the most practical
way to get teachers at ITB to implement Problem-Based Learning approaches. As a result of this program, ITB
engineering students successfully built their first robots and competed in a highly visible competition on their
campus. The main challenge was achieving buy-in from ITB lecturers and supporting their work so that their
students were able to succeed with minimal stress on the part of facilitators who were new to robotics.

This spring (2016), we delivered our “train the trainer” program to ten third-level engineering students at DIT
and they successfully delivered a RoboSlam workshop to 37 second-level students, as depicted in Figure 1.

Figure 1. Student facilitators from DIT with their tutors and some of the 37 students they taught during Engineers Week
2016.

We believe that embedding coding in physical objects helps participants better understand the relevance of
engineering and computer programming. The activities introduce participants to the Internet of Things, turn
abstract concepts into tangible products that they can manipulate, help them achieve a sense of success in
their preliminary endeavors, help them visual other applications for technology, and help them see a range of
different career paths.
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Our workshop program is unique in that the robot we help participants assemble and code is fully transparent.
We take care to ensure that the participants learn the role of each component—from the breadboard to the
resistors to the memory chip and controller. They get to see the code and learn how small changes in the code
affect their robot’s behavior. They get to write and modify the code to make their robot achieve various
challenges (such as running a figure 8 around cones, or locating and charging an object or competitor). They
learn to understand the direct correlation between while loops, binary bit patterns, and robot behaviors.

Many contemporary tech toys and learning products such as remote controlled robots, computer games, and
programming apps hide the interesting technical details in an effort to make things more accessible for young
customers. RoboSlam is designed to make all technical details—including the code—uvisible to the participants.
Each person who attends a RoboSlam workshop receives a bag simple, off-the-shelf electronic parts. These
look like random electronic and mechanical parts, but over the course of two hours, the participant transforms
this kit into a working robot. With an additional two hours, the participant learns to modify and upload code
in order to refine and control and the robot’'s behavior. As a result, there is no "hidden magic" in this set of
parts. The robot is built from "first principles”. Past participants have repeatedly commented about the strong
sense of technical achievement they derived from building their own autonomous robot. The final hour typically
consists of participants working together to compete and decorate (i.e., design the body style of) their robots.
Another unique and key characteristic of RoboSlam is that it allows each participant to take his or her
completed (assembled and programmed) robot home in order to keep innovating after the workshop. To keep
the costs of the workshop to a minimum, we have put considerable effort in the past into selecting parts for
the robot kit that are as inexpensive as possible.

3 Expected results
In this workshop, each participant will assemble a working robot. The participant may take the robot home for
a small fee (€15) to cover the purchase price of the robot kit.

Figure 2. Left to right: DIT RoboSumo event, Ted Burke on national television, and Transition Year students at a 2013
RoboSlam.
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Jacqueline Asscher!

" Quality and Reliability Engineering, Kinneret College on the Sea of Galilee, Israel

Email: jasscher@inter.net.il

Abstract

The activity as run with 3rd year undergraduate students. This 2.5-hour activity has several learning objectives: get to know
a number of good projects carried out by students from previous classes; learn about writing an abstract and writing and
editing a project by experiencing reading 10 abstracts and one project; practice viewing projects from a sustainability point
of view ("green lenses"); practice summarizing and presenting. The lecturer selected ten projects based on criteria of
relevance to sustainability, good quality and variety of topics. Step 1: Working in pairs, students read all ten abstracts and
selected and ranked five. This was done in advance by email. Step 2: Students worked in class in pairs, reading the project
they were allocated and preparing a five minute presentation that answered two questions: What was the content of the
project? How was sustainability considered, and how could it have been considered further? For example, in one project
the reliability of a system was evaluated, but the cost of over-design (using materials and processes that are more expensive
than required) was not considered. Step 3: Students gave presentations, each student answering one of the two questions.
Step 4: Each student wrote a reflection exercise consisting of writing five points on "how to write a good abstract" and five
points on "how to write and edit a good project”. The students found the activity very useful as they will soon start their
own final projects. They had ideas about how sustainability could have been incorporated in the projects that they reviewed.
For the conference. Participants will enjoy seeing projects from other programs ("benchmarking") and experiencing one
way that they can be used as a teaching resource. Also, this is an opportunity to look at a range of engineering projects
from a sustainability point of view.

Keywords: Sustainability; Students' Projects; Experiential Activity; Writing

1 Introduction

The conference workshop focuses on how we can use completed students' projects and presentations as a
resource, and on how sustainability can be incorporated in projects.

Conference participants will experience one way that the projects and presentations can be used as a resource,
and will participate in a discussion about pitfalls and alternative approaches. In addition, we will discuss if and
how sustainability is addressed in projects.

2 Activities

The workshop at the conference will be conducted in three stages. First, each pair of participants receives a
printed report or a printed version of a presentation of a final project to read. The projects themselves will be
from a variety of engineering programs. At the conference, the project reports will be brief and in English, while
with students the full length booklets were used. Second, each pair of participants gives a short presentation
that answers two questions: What was the content of the project? How was sustainability considered, and how
could it have been considered further? Focus is on reporting the content, not on criticism. Finally, a group
discussion will be conducted, considering among other topics pitfalls, alternative approaches and suggestions
for improvement.

3 Expected results

The expected result is that the discussion will generate new perspectives and ideas, and that participants will
form their own opinions on the usefulness of this approach with their own students. For example, while seeing
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projects completed by students in the same program is very motivating to students, who are worried about
their own impending projects, the projects are problematic as a teaching resource. How do they compare with
alternative resources? How does this type of activity compare with a peer review of projects in progress, where
feedback can be used for improvement rather than only post mortem?

26



(B8

PAEE/ALE’2016 FuLL PAPERS SUBMISSIONS (ENGLISH)
Submissions accepted for the PAEE/ALE'2016 papers sessions in English.

Al

27



€+ MLE,

A Text Analytics Evaluation of a First-Year Engineering Project-
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Abstract

In the undergraduate engineering program at Griffith University in Australia, the unit T006ENG Design and Professional
Skills aims to provide an introduction to engineering design and professional practice through a project-based learning
(PBL) approach to problem solving. It provides students with an experience of PBL in the first-year of their programme.
The unit comprises an underpinning lecture series, design work including group project activities, an individual computer-
aided drawing exercise/s and an oral presentation. Griffith University employs a ‘Student Experience of Course’ (SEC) online
survey as part of its student evaluation of teaching, quality improvement and staff performance management processes.
As well as numerical response scale items, it includes the following two questions inviting open-ended text responses from
students: i) What did you find particularly good about this course? and ii) How could this course be improved? The
collection of textual data in in student surveys is commonplace, due to the rich descriptions of respondent experiences
they can provide at relatively low cost. However, historically these data have been underutilised because they are time
consuming to analyse manually, and there has been a lack of automated tools to exploit such data efficiently. Text analytics
approaches offer analysis methods that result in visual representations of comment data that highlight key individual
themes in these data and the relationships between those themes. We present a text analytics-based evaluation of the
SEC open-ended comments received in the first two years of offer of the PBL unit T006ENG. We discuss the results obtained
in detail. The method developed and documented here is a practical and useful approach to analysing/visualising open-
ended comment data that could be applied by others with similar comment data sets.

Keywords: Engineering Education; Project-Based Learning; First-Year Design; Student Evaluation of Teaching; Text
Analytics.

1 Introduction

Design is an essential element of engineering education — the rationale being that ‘design’ is the essential
characteristic of engineering practice (Dym, Agogino, Eris, Frey, & Leifer, 2005; Schubert, Jacobitz, & Kim, 2012).
Exposure to aspects of design are typically distributed throughout the undergraduate engineering curriculum
(Davis, Gentili, Trevisan, & Calkins, 2002). Student design projects have long been used as a key pedagogical
element for the development of engineering student design knowledge and skills. Historically, these have
taken two complementary forms:

e First-year design courses — often referred to as 'cornerstone’ design courses; and
e Final-year design courses — often referred to as ‘capstone’ design courses.

Cornerstone design courses arose in response to perceptions that first-year engineering curricula, historically
loaded with math, physics and other theoretical foundation studies, often left commencing students wondering
what engineers actually do. It is suggested that first-year design courses enhance commencing student
motivation and retention, and introduce engineering application content and basic design experience early in
the curriculum (Dym et al,, 2005). There exists a range of pedagogical models, badged with a range of names,
for teaching engineering design. However, generically, one of the most common is project-based learning
(PBL) (Agouridas, 2007). A wide variety of practices with varying purposes are subsumed under the banner of
PBL (Helle, Tynjala, & Olkinuora, 2006), however in the literature (Frank, Lavy, & Elata, 2003; Helle et al., 2006;
Macias-Guarasa, Montero, San-Segundo, Araujo, & Nieto-Taladriz, 2006; Prince & Felder, 2006) there can be
found a general consensus that PBL incorporates the following elements:
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e solution of a problem or completion of a task requiring students to complete a number of educational
activities that drive learning;

e generally, students work in teams to complete a project;

e the project is non-trivial and often multidisciplinary in nature, requiring work over an extended period
of time;

e normally, the project involves the development of a concrete artefact — a design, a model, a thesis, a
computer simulation, etc,;

e the culmination of the project is often a written report and/or oral presentation describing the project
methods and the final product; and

e teaching staff take an advisory rather than authoritarian role.

The Griffith School of Engineering offers four-year Bachelor of Engineering (BEng) and three-year Bachelor of
Engineering Technology (BEngTech) degrees at its Nathan and Gold Coast campuses, in Queensland, Australia.
The BEng programs are accredited by Engineers Australia, the Australian engineering professional body. Those
programs offered on the Gold Coast campus were restructured to facilitate a common first-year. A new first-
year unit “1006ENG Design and Professional Skills' was created in the revised structure. The unit aims to provide
an introduction to engineering design and professional practice through a project-based approach to problem
solving. PBL is used in a number of units in the program, and T006ENG provides students with an experience
of PBL in their first-year. The unit comprises an underpinning lecture series, design work including group
project activities, individual Computer Aided Drawing (CAD) exercises and an oral presentation.

Many PBL case studies are documented in the literature, but these case studies are frequently little more than
unit descriptions presenting the implementation details of individual courses. More serious evaluation is harder
to find (Helle et al., 2006). Detailed evaluations of the initial and subsequent offerings 1006ENG were
undertaken, and the full results have been previously published (Hall, Palmer, & Bennett, 2012; Palmer & Hall,
2011). The evaluation was based on a survey of enrolled students that sought responses from students relating
to:

e respondent demographic information;

e prior experience with PBL;

e prior perceptions of key pedagogic elements of 1006ENG;

e perceptions of the experience of aspects of T006ENG; and

e open-ended comments on the ‘best aspects’ and ‘needs improvement’ elements of 1006ENG.

In summary, the findings from the evaluations of both offerings were similar, and included: the respondent
samples were representative of the whole unit enrolment; the responses were not significantly different
between demographic sub-groups; about half of the respondents had previous experience with PBL;
respondents generally enjoyed the unit; and, rating responses to the question “Do you enjoy giving oral
presentations?” was significantly lower than other responses. The open-ended comments provided important
additional insights into students’ perceptions of the unit.

Griffith University employs a ‘Student Experience of Course’ (SEC) online survey as part of its student evaluation
of teaching, quality improvement and staff performance management processes. The SEC survey is opened
for students to voluntarily complete towards the end of the teaching period, but prior to the examination
period, so SEC data are unlikely to overly influenced by students’ perceptions of how they performed on the
exam and/or the unit overall. The SEC survey instrument contains six scale items, framed as questions, to which
students can indicate their level of agreement with on a five-point response scale. Additionally, the SEC survey
contains the following two open-ended response items to which students can provide a free text response:

e SEC7 - What did you find particularly good about this course? and
e SEC8 - How could this course be improved?

The SEC scale items (SEC1 to SEC6) are generic for use in all units of study at Griffith University, so are generally
not similar to those used in the separate evaluations of T006ENG noted above. However, the two open-ended
text response SEC items are sufficiently similar to those employed in the previous evaluations of T006ENG to
provide a complementary set of text-based evaluation data.
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The collection of textual data in surveys is commonplace, due to the rich descriptions of respondent
experiences they can provide at relatively low cost. However, historically these data have been underutilised
because they are time consuming to analyse manually, and there has been a lack of automated tools to exploit
such data efficiently (Bolden & Moscarola, 2000; Jackson & Trochim, 2002). It is possible to manually tabulate
the frequency of common themes observed in text data (Hall et al.,, 2012; Palmer & Hall, 2011). A simple form
of computer-based analysis is visualisation using word clouds - a visual representation of the ranked frequency
of occurrence of words in a text source (Hall & Palmer, 2015; Miley & Read, 2012). More sophisticated
computer-based analysis and visualisation of textual data goes by various names, including lexical analysis,
concept mapping, text mining, and text analytics. We will use the latter term as the general name for
describing, “... a set of linguistic, statistical, and machine learning techniques that model and structure the
information content of textual sources for business intelligence, exploratory data analysis, research, or
investigation.” (Hu & Liu, 2012, p. 388). A typical visualisation output from text analytics software is a two-
dimensional (2D) chart that identifies key words or themes in the source text, indicates the relative frequency
or importance of those words/themes, and represents in 2D some aspect of the relationships between the
words/themes. There are many published examples of text analytics applied to open-ended text data,
including survey comments, but case studies using student evaluation of teaching data are much less common.
This paper presents a text analytics-based evaluation of the SEC open-ended comments received in the first
two years of offer of the unit T006ENG. We address the method developed and the results obtained in detail.

2 Methodology

Approval was sought from the Griffith University Human Research Ethics Committee to use the data presented
on the SEC reports from the initial and subsequent offering of the unit T006ENG, and approval was granted.
The text analytics software package KH Coder (Higuchi, 2014; Ishii, Suzuki, Fujii, & Fujiyoshi, 2013; Minami &
Ohura, 2013) was used to analyse the text content of the open-ended comments from the SEC surveys. KH
Coder was selected as it is free and provides a range of analysis and visualisation options. KH Coder supports
the use of a dictionary of ‘stop words’, that is, words to be ignored in any analysis of the text (Hu & Liu, 2012).
Common English words and parts of speech, such as 'l', ‘a’, ‘am’, ‘be’, 'my’, 'the’, etc., add little to the analysis,
and their relatively high frequency often masks the words/terms that are actually of significance (Bolden &
Moscarola, 2000). A stop word dictionary was developed based on the example English stop word dictionary
supplied with KH Coder, after inspection to remove any words likely to be relevant in the context here, such as
‘computer’. A second issue that can mask the significance of words/terms in text analytics is the presence of
inflected and/or derived forms of words, for example, a root word such as 'write’ may also be present in the
source text as ‘writing’, ‘wrote’, ‘written’, etc. KH Coder implements ‘'stemming’ to consolidate inflected and
derived words into their root form. Stemming via lemmatisation (Bolden & Moscarola, 2000) based on English
parts of speech (nouns, proper nouns, adjectives, verbs, etc.) was used. In text analytics a ‘unit of analysis' is
required, that is, the smallest elemental grouping of text upon which the analysis will be based. KH Coder
supports sentences and paragraphs as units of analysis. In the data, each student comment was represented
as a paragraph, so paragraphs were chosen as the unit of analysis. KH Coder supports a range of text data
analysis and visualisation methods — the two employed here were the co-occurrence network (CON) (Namey,
Guest, Thairu, & Johnson, 2007) and hierarchical cluster analysis (HCA) (Bridges Jr, 1966).

Co-occurrence refers to the presence of two (or more) terms in the same text unit of analysis — here we are
interested if the same term groups frequently co-occur in student comments. KH Coder uses the Jaccard
distance (Hu & Liu, 2012) as a measure of co-occurrence for term pairs. Based on specifying the minimum
frequency of occurrence of a term for inclusion in the CON analysis and visualisation, terms appear as nodes
in a network plot based on the Fruchterman and Reingold layout algorithm (Fruchterman & Reingold, 1991).
Frequently co-occurring terms in the visualisation are connected by lines/edges. It is possible to configure the
plot to indicate the relative frequency of terms by the relative size of their node, and to indicate the relative
frequency of co-occurrence of terms by the relative thickness of the edge connecting their nodes. HCA
produces a unique set of nested clusters by agglomeration - sequentially pairing terms, and then clusters of
terms, using a clustering method applied to a distance measure for those terms. KH Coder supports a number
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of distance measures and clustering methods — here we use the Jaccard distance (Hu & Liu, 2012) and the
Ward clustering method (Blashfield, 1976). Based on specifying the minimum frequency of occurrence of a
term for inclusion in the HCA analysis, and the number of clusters desired, the resultant dendrogram locates
closest together those terms within clusters, and then those clusters of terms, that have the lowest distance
measure (dissimilarity coefficient). The visualisations resulting from the CON and HCS analyses were examined
to find evidence of key themes in the student open-ended comments provided in the SEC evaluation survey.

3 Results

For the initial offering of T006ENG, the SEC report contained 83 SEC7 ‘good about this course’ comments and
85 SEC8 ‘course be improved’ comments, from a unit enrolment of 237. In the subsequent offering, the SEC
report contained 44 SEC7 ‘good’ comments and 40 SEC8 'be improved’ comments, from a unit enrolment of
260. Based on the separate formal evaluation of the initial offering of T006ENG (Palmer & Hall, 2011), some
targeted refinements were made to the unit learning design for the subsequent offering (Hall et al., 2012),
however these were essentially points of finesse rather than significant structural changes to the content,
teaching methods or assessment. Particularly for the subsequent offering of 1006ENG, the number of
comments was modest. Pooling of student evaluation data is a suggested approach to create a more
significant data set (Aungles & Karmel, 2000). Based on the fact that the unit learning design was largely
identical between the two offerings, the comment sets were pooled to obtain 127 ‘good’ comments and 125
‘be improved’ comments for analysis. Figure 1 presents the CON visualisation for the ‘good’ comments
generated using KH Coder.
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Figure 1. Co-occurrence network for ‘What did you find particularly good about this course?’ student comments.

Figure 2 presents the CON visualisation for the ‘be improved’ comments generated using KH Coder.
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Figure 2. Co-occurrence network for 'How could this course be improved?’ student comments.

Figure 3 presents the HCA dendrogram visualisations for the ‘good’ (left) and ‘be improved’ (right)
comments, based on 7 clusters, with the cluster number indicated. The horizontal bars in Figure 3 are a
relative frequency histogram for the terms in the dendrograms. The scales at the bottom of Figure 3 give the
values of the dissimilarity coefficient for each clustering pair at that point in the agglomeration process.

4 Discussion

Figure 1 and Figure 3 were examined to identify ‘good’ themes that were prominent, especially similar themes
that were common to both visualisations. Table 1 summarises the findings. Figure 2 and Figure 3 were similarly
examined to identify ‘be improved’ themes, and Table 2 summarises the findings. The visualisations of the
‘good’ comments revealed themes representing a number of the benefits of PBL claimed in the literature,
including experience of group/team work, experience of design processes, and experience of aspects of
engineering practice. Additionally, students perceived a number of desirable characteristics of good teaching,
including a helpful lecturer and clear assessment requirements. Finally, students reported that the PBL format
was interesting and engaging. The CON and HCA visualisations for the ‘good’ comments showed a high level
of consistency in the themes apparent. A key purpose of student evaluation of teaching is to identify areas of
the unit learning design and/or delivery that could be revised to improve the students’ experience — to this end
the 'be improved’ visualisations were examined. Figure 2 (CON) showed two large clusters related to group
work (including peer marking) and CAD (including learning to use AutoCAD and CAD class time). Additional
themes apparent include the mousetrap car project, the time demands of the project work, the need for
explanation of design skills, and assessment feedback (an almost universal theme in student evaluation of
teaching). Again, the CON and HCA visualisations for the 'be improved’ comments showed a high level of
consistency in the themes apparent.
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Figure 3. Hierarchical cluster analysis dendrograms for ‘What did you find particularly good about this course?’ (left) and
‘How could this course be improved?’ (right) student comments.

KH Coder provides a key-word-in-context (KWIC) concordance feature that can identify the locations in the
source comments of phrases that contain one or more specified keywords within a specified distance of each
other (Bolden & Moscarola, 2000). Based on identifying pairs/groups of terms appearing in the CON and HCA
visualisations that are of interest to investigate further, the KWIC concordance feature allows these term
groupings to be located in their original comment context for consideration. The previous evaluation of
T1006ENG contained two open-ended text response items asking students about the best aspects of T006ENG,
and those aspects of T006ENG that most need improvement. While these questions were not identical to the
SEC7 and SEC8 items, they were very similar, and provided a point of triangulation for the results obtained
here. As previously reported (Hall et al,, 2012), based on manual analysis of the student comments from the
initial and subsequent offerings of T006ENG, the principal ‘best aspects’ identified by students were: group
work; the hands-on/practical nature; enjoyable project work; the assessment (specifically that there was no
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Table 1. Prominent themes in the SEC7 "What did you find particularly good about this course?’ student comments.

Theme Terms from Fi_c_]ure 1 Terms from Figure 3 (left) [cluster number]
Interesting work interesting-work interesting-project-work [6]

Group work group-work group-work [6]

Unit assessment set-assessment-structure assessment-course-structure [3]

Practical/real experience  student-real-experience-hands-on student-practical-hands-on-experience [1]
Engaging learning learn-engage learn-engage [4]

Helpful lecturer dr-wayne-hall-helpful lecturer-hall-helpful [3]

Team design enjoyable enjoy-team-design-skill enjoy-team-design [4]

Assignment assignment-requirements-clearly-

requirements clear organised assignment-requirements-clearly-organised [2]
Exposure to engineering engineering-knowledge [7]

Variety of tasks cad-good-task-variety [5]

exam); the CAD component; and the helpful staff. The principal ‘needs improvement’ suggestions from
students were: more instruction on CAD; better explanation of expectations; more even group participation; a
better spread in assignment due dates; the heavy workload of the projects; and more feedback on work. The
key themes from the open-ended student comments in both evaluations were largely the same, providing a
measure of cross-validation between the two sets.

Table 2. Prominent themes in the SEC8 ‘How could this course be improved?’ student comments.

Theme Terms from Figure 2 Terms from Figure 3 (right) [cluster number]
group-work group-work [2]
Group work group-member-work know-people [6]
CAD classes time-cad-lab cad-class [1]
use-autocad-program
Use of AutoCAD teach-learn-drawing autocad-drawing [1]
Mousetrap car project mousetrap-car need-week-lab-time-car [4]
peer-mark group-work-mark [2]
Peer assessment lecturer-just-grade better-individual [7]
Time demands need-extra-week assignment-time-lab [4]
Explanation of basic explain-understand-base-skill
design skills difficult-subject-clear better-explain-design-skill [5]
Assessment feedback semester-assessment-feedback-mark [3]

5 Conclusion

A method for analysing student evaluation of teaching comment data with the free KH Coder text analytics
software package to produce relevant and informative visualisations was developed. Co-occurrence network
and hierarchical cluster analysis visualisations were found to provide a useful overall representation of the key
words/themes in SEC comment data, and they exhibited good consistency between the visualisation forms.
Key ‘good’ themes that students identified about 1006ENG included: group/team work; experience of design;
experience of engineering practice; helpful lecturer; clear requirements; and PBL was interesting and engaging.
Key ‘be improved’ themes included: group work (including peer marking); learning to use AutoCAD; CAD class
time; the mousetrap car project; the time demands of project work; explanation of design skills; and assessment
feedback. These findings were largely in agreement with the outcomes of a separate evaluation of 1006ENG.
The text analytics method developed for analysing SEC open-ended comment data using the KH Coder
software package produced useful comment text visualisations that, in turn, provided a valuable perspective
on these comment data in a straightforward and timely manner. The method developed and documented
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here is a practical and useful approach to analysing/visualising open-ended student evaluation comment data
that could be applied by others with similar comment data sets.
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Abstract

Online social media systems have created new ways for individuals to communicate, share information and interact with a
wide audience. For organisations, social media provide new avenues for communication and collaboration with their
stakeholders. The potential value of social media tools to assist in the successful communication and marketing inside and
outside of engineering organisations has been identified. In the context of engineering education, the potential of social
media to open new modes of communication, interaction and experimentation between students and teachers has also
been identified, and a limited number of examples can be found documented in the literature. One of the most widely-
used social media tools is the ‘'microblogging’ service Twitter. This research presents an analysis of nearly 19,000 tweets
relating to ‘engineering education’ collected over a period of almost a year. Social network analysis is used to visualise the
Twitter data. The Twitter social media communication is examined to identify who is active on this topic, who is influential,
and what is the structure of the online conversations relating to engineering education. This work provides insights
regarding how engineering education is currently represented in social media internationally, and offers a methodology to
those interested in related future research.

Keywords: Engineering Education; Social Media; Twitter; Social Network Analysis.

1 Introduction

In the context of engineering education, the potential of social media to open new modes of communication,
interaction and experimentation between students and teachers has been identified (Kamthan, 2010). Examples
in the literature include: social media tools being used to link students with practicing industry professionals
(Morgado et al., 2012); the use of Twitter to engage a large information literacy class (Morrow, 2010); the use
of Twitter by engineering students on work integrated learning placements (Paku & Lay, 2011); the use of
Twitter to send remote commands to a numerical computing environment (Judd & Graves, 2012); and students
collaborating at two universities autonomously adopting Facebook for group communications (Charlton,
Devlin, Marshall, & Drummond, 2010). Research on the use of social media by higher education institutions is
still limited, and evaluation of the impact of social media activities is not straightforward, as few benchmarks
exist. One approach to evaluation is social network analysis (SNA). The network data inherently created by
social media tools represent the connections between participants as they interact, and can be used to make
visible the social processes at play, to identify strategically important components and participants in the social
network, and to show the development of the communication links over time (Smith et al., 2009).

One of the most widely-used social media tools is Twitter (twitter.com) (Bik & Goldstein, 2013; Himelboim,
McCreery, & Smith, 2013; Naaman, Becker, & Gravano, 2011; Xu, Ru, Xiang, & Yang, 2011). Twitter is a popular
‘microblogging’ service where users can post quick and frequent short messages (up to 140 characters) called
‘tweets’, which may contain links to other online material such as photos and websites, to their ‘followers’ who
have subscribed to their Twitter account. Tweets can be tagged with a searchable 'hashtag’, and a user can
‘retweet’ to all of their followers a tweet that they receive from another user. Tweets can be directed specifically
to other named user accounts, or broadcast generally to all followers of the sending account. Except for the
content of tweets from protected (private) accounts, all tweets are effectively broadcast to the world and are
publicly discoverable via a search. A growing number of academic units involved in engineering education
internationally now advertise a link to a Twitter account on their Internet home page and/or use Twitter as part
of their communication and marketing strategy. This research presents an analysis of nearly 19,000 tweets
relating to ‘engineering education’ collected over a period of almost a year. Rather than describing educational
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uses of social media, SNA is used to visualise the Twitter data. The Twitter social media communication is
examined to identify who is active on this topic, who is influential, and what is the structure of the online
conversations relating to engineering education.

2 Methodology

A ruling was obtained from the relevant institutional human research ethics committee that the collection and
use of publically accessible Twitter data did not require formal ethics approval for research purposes. In the
work presented here, popular public Twitter accounts are identified by name where relevant, but no accounts
of private individuals are identified unless they expressly agreed to be named. The public application
programming interface (APIl) provided by the Twitter platform allows data to be directly collected from the
system (Miller, 2011). However, the Twitter system quickly archives data, such that there is a limit how far back
in time a search or other data request will reach (Bik & Goldstein, 2013), and there may be other limits applied
to the results of popular searches that are not predictable. By accessing the Twitter API, the NCapture program
(QSR International, 2013a) is able to capture publicly available Twitter data at that point in time, including that
arising from a keyword search. Over the period 30 March 2015 to 4 March 2016, tweets containing both of the
keywords ‘engineering’ and ‘education’ were collected weekly. It is acknowledged that the Twitter data
collected do not represent all tweets mentioning engineering education — the limitation on the depth of the
publicly accessible Twitter data means that there are gaps in the data set, and there are likely to be other tweets
related to ‘engineering education’ not captured by the basic keyword search strategy used. The NVivo program
(QSR International, 2013b) was used to convert the captured Twitter data into Microsoft Excel (Microsoft, 2010)
spreadsheets for further processing and analysis.

Bulk properties of Twitter data can be informative, such as the proportions of retweets and mentions, most
active users, most followed users, etc. (Veltri, 2013). The captured Twitter data indicate whether a post is a
tweet or a retweet — the proportions of each were calculated. The captured Twitter data indicate whether a
tweet mentions any other user; if yes it is a directed or mention tweet; if not it is an undirected tweet — the
proportions of each were calculated. Measures of reach and impact can be derived from the account statistics
and activity of Twitter users (Veltri, 2013). The Twitter data were inspected to identify the most frequently
tweeting users, the most retweeted users and the most mentioned users. In addition, for every uniquely
identified user in the data set, their total number of tweets multiplied by their average number of followers,
during the period under investigation, was computed as an empirical measure of potential Twitter influence.

Network visualisation of Twitter data can be a useful method to reveal the communication structures embodied
in the data (Himelboim et al., 2013; Miller, 2011). The spreadsheet Twitter data were also exported in comma
separated values (CSV) format, and then imported into the Gephi program (The Gephi Consortium, 2012) for
network visualisation. As outlined in Figure 1, Gephi can be used to represent Twitter user accounts as 'nodes’,
and the communication path (representing one or more tweets) between two nodes as an ‘edge’.

Direction of tweet
(clockwise edge)

Account 2
(node)
Account 1
(node)

Figure 1. Twitter network visualisation schema used in this paper.

In the Twitter network diagrams used in this study, edges are presented as curved lines, the direction of tweets
is clockwise around the edge, and the width of an edge is proportional to the total number of tweets recorded
between the two nodes in that direction. The size of a node is proportional to the total number of edges
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connecting to it (referred to as the node 'degree’). Twitter data will contain undirected tweets — those from a
user not mentioning any other account, hence implicitly directed to the followers of the user, but also to the
word at large. Because undirected tweets may represent a significant proportion of all tweets, a meaningful
way must be found for dealing with them in analyses (Honeycutt & Herring, 2009). Not being explicitly directed
to a named user, undirected tweets cannot automatically be formed into a network using the schema in Figure
1. In the analyses presented here, all undirected tweets are allocated as directed to a notional Twitter user
identified as @undirected. While there is a single topological arrangement of the data for a given network, it
can be visualised (laid out) in many ways. The Gephi program provides a range of algorithms for laying out
networks. The Fruchterman-Reingold (F-R) layout algorithm (Fruchterman & Reingold, 1991) has a number of
desirable characteristics (good node distribution, minimization of edge crossings, uniform edge lengths,
reflection of inherent symmetries, etc.), and was chosen for use here.

3 Results and Discussion

For the period under investigation a total of 18973 tweets were collected. These originated from 7785 unique
Twitter user accounts, and connected 8975 unique user accounts (nodes) via 13376 unique pathways (edges).
Table 1 presents summary statistics for engineering education Twitter data.

Table 1. Summary statistics of engineering education Twitter data collected.

Variable Count Percentage

Total number of tweets 18973 100.0 per cent
Tweets 10676 56.3 per cent
Retweets 8297 43.7 per cent
Directed / Mention tweets 9954 52.5 per cent
Undirected tweets 9019 47.5 per cent

Table 1 shows that 56.3 per cent of the tweets collected were 'new’ content from a user, while 43.7 per cent
were retweets of a post from someone else. The level of retweets in general Twitter data has been reported as
relatively low (3 per cent) (Boyd, Golder, & Lotan, 2010). However, higher proportions (29.3 per cent) have been
reported in studies looking at the tweeting characteristics of individuals (rather than organisations) (Xu et al.,
2011). Trends occur on Twitter when a topic of discussion becomes popular, and a trend is typically detected
by the presence of a commonly occurring keyword/phrase. Naaman et al. (2011) propose two types of Twitter
trend: i) exogenous — arising from an external event, such as an earthquake; and ii) endogenous — arising from
groups of users deliberating sharing information on a topic. They found the proportion of retweets associated
with trends to be much higher than general Twitter traffic — 32 per cent for exogenous trends and 47 per cent
for endogenous trends. A low level of retweets has been taken to indicate largely one-way communication
rather than conversation (Veltri, 2013); whereas higher levels of retweeting have been seen as indicators of a
more active engagement and interaction in the Twitter environment (Himelboim et al., 2013). The tweets
collected via the keyword search strategy used here probably results in a Twitter data set that synthetically
exhibits characteristics much more like an endogenous trend than general Twitter traffic. The common, if
largely asynchronous, interest in the topic of ‘engineering education’ embodied in the data collected may
explain the high proportion of retweets observed. Table 1 shows that 47.5 per cent of the tweets collected were
undirected (appearing in the Twitter timeline of those users following the sender, and discoverable in searches
by other users), while 52.5 per cent were directed or otherwise specifically mentioned another user. The
proportion of mentions in general Twitter data has been reported as 36 per cent (Boyd et al., 2010). High levels
of undirected tweets could be seen as one-way communication, whereas the relatively high levels of
directed/mentioning tweets observed here could again be taken as an indicator of a more interactive form of
Twitter communication on the topic of engineering education.

Based on the schema presented in Figure 1 and using the F-R layout algorithm, Figure 2 presents an overall
network visualisation of the large-scale structure of the engineering education Twitter data during the period
under investigation.
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Figure 2. Overall ‘engineering education’ Twitter network visualisation.

The F-R layout algorithm produces a complicated network rich in features. The plume-like structures (such as
point E in Figure 2) represent the Twitter mentions of a single user, located at the focus of the plume, by a
relatively large number of other users, whom appear as the nodes within the plume. These mentions are
represented by clockwise edges connecting inward to the user at the focus. These mentions include any tweets
directed to the user at the focus point; however, the majority of these mentions are typically retweets of an
initial tweet originating from the user at the focus point. There is a large whirlpool-like structure in the middle
of Figure 2 that centres on a relatively large node. This structure arises from the method chosen to represent
undirected tweets in the network — all 9019 connecting to the large ‘undirected’ node near the centre of the
network. Outside of the central whirlpool there is a ring of more complicated connections — including edges
representing retweets of undirected tweets, and/or interactions (Twitter conversations) between users. Finally,
there is a thin halo of nodes around the outer edge of the network that have no connection to the main network
proper. This outer region represents small groups of two or more users sharing tweets about engineering
education — as exemplified by point H in Figure 3. The symmetry-emphasising characteristic of the F-R layout
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algorithm is apparent in Figure 2 — the overall layout is approximately circular and balanced, with the principal
regions in concentric rings.

A notable feature in Figure 2 is the spiral structure observed at point D — more detail can be seen at point G in
Figure 3. Inspection of the tweets underlying this feature reveal that it is a series of 'robot’ Twitter accounts
systematically retweeting posts from the account at the centre of the spiral. Tweets from this central account
are largely advertising engineering text books, and the whole structure is effectively an attempt at large-scale
spam via Twitter. The structure at point D in Figure 2 accounts for 6679 tweets, which is 35.2 per cent of all
tweets collected in this work. Spam is a common occurrence on Twitter, typically in the form of tweets designed
to lure readers to a web site, and one study found that 8 per cent of general Twitter traffic was spam content
(Grier, Thomas, Paxson, & Zhang, 2010). Spam on Twitter is often targeted at a theme or trend related to the
item being advertised, so it is perhaps not surprising that the proportion of spam in tweets associated with a
specific topic can be significantly higher than general Twitter content.

Figure 3 shows expanded details associated with point D in Figure 2. Figure 4 shows expanded details
associated with point C in Figure 2. Additional features present in these Figures are discussed below.

\ "- .‘.‘ ",')\'

Figure 3. Selected ‘engineering education’ Twitter network visualisation — region D in Figure 2.
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Figure 4. Selected ‘engineering education’ Twitter network visualisation — region C in Figure 2.
Table 2 presents the 'top’ Twitter accounts based on a range of measures of impact.

Table 2. 'Top’ engineering education Twitter accounts for various measures of impact.

Most prolific (number of tweets)

@deg511 243 @BigBeacon 211 @campusmckvie 203
Spam account 1 179 Spam account 2 179 Spam account 3 179
Most retweeted (number of retweets)

Spam account 4 6679 @ScotGovFM 86 @deg511 83
@HRDMinistry 83 @careersingov 82 @BigBeacon 57
Most mentioned (hnumber of mentions)

Spam account 4 204 @chronicle 107 @Forbes 100
@NSF 94 @O0linCollege 89 @CofGceollege 87
Most influential (number of tweets x average number of followers)

@NSF 60153720  @careersingov 9948136  @deg511 5124749
Spam account 1 4492721  @BigBeacon 2650055  Spam account 5 1989000

Table 2 identifies the most prolific tweeters observed in the data set. The account with the most tweets is
@deg511. This account belongs to David E. Goldberg, an emeritus engineering professor and founder of the
organisation Big Beacon, which promotes engineering education reform. The second ranked account is the
@BigBeacon account. @deg511 can be seen at point | in Figure 4, and @BigBeacon can be seen nearby at
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point K. Both of these accounts have wide edges connecting them to the central @undirected node, which
represent the relatively large number of tweets from these accounts. Edges connecting @deg511 and
@BigBeacon can be seen, highlighting the real-world’ links between these two accounts. The third most prolific
tweeter is @campusmckvie, which can be seen at point B in Figure 2, again with a wide edge connecting to
@undirected. @campusmckvie is an Indian engineering college that was relatively active on Twitter during the
period under consideration. The next three highest tweeting accounts were all members of the outer spiral
arms of the spam robot array at point G in Figure 3. Table 2 identifies the most retweeted accounts. The most
retweeted account by nearly two orders of magnitude is the one located at the centre of the spiral at point G
in figure 3, due the robotic spam operation. The second most retweeted account, @ScotGovFM, is the First
Minister of Scotland promoting a new engineering program at City of Glasgow College, visible at point A in
Figure 2 — further notes below. The third most retweeted account is @deg511, noted above. The fourth most
retweeted account, @HRDMinistry, is the Indian Ministry of Human Resource Development promoting an
engineering education symposium, visible at point E in Figure 2. The next most retweeted account,
@careersingov, is an online recruitment site specialising in US government jobs, and can been seen at point F
in Figure 3. The final most retweeted account is @BigBeacon — as noted above, this account is associated with
@deg511, and it is likely that there is some level of mutual retweeting between these accounts.

Table 2 identifies the most mentioned accounts — Twitter mentions include retweets, so there can be some
overlap with the previous category. As with retweets, the most mentioned account is the one located at the
centre of the spiral at point G in figure 3. The second and third most mentioned accounts, @chronicle and
@Forbes, are two specialised news publications with associated online presences. The fourth most mentioned
account, @NSF, belongs to the US National Science Foundation, who might be expected to tweet messages
about engineering education. The next most mentioned account, @QOlinCollege, is an engineering school and
can be seen at point J in Figure 4. Note that @deg511 (point | in Figure 4) is a former academic associate of
Olin College, and strong network links can be seen in Figure 4 between @deg511, @OlinCollege and
@BigBeacon (point K). The final most mentioned account, @CofGcollege, is the City of Glasgow College. As
noted above, @ScotGovFM tweeted about a new engineering program at City of Glasgow College (including
the account name @CofGcollege), and the relatively large number of retweets of that led to a relatively large
number of mentions of @CofGcollege. This interaction can be seen at point A in Figure 2 — where the plume
structure has two foci — one for retweets of @ScotGovFM, and one for mentions of @CofGcollege. Based on
the empirical measure of their number of tweets multiplied by their average number of followers, Table 2
identifies the most influential tweeters observed in the engineering education Twitter data set. @NSF and
@careersingov appear as first and second most influential due to their large respective follower bases.
@deg511 and the associated account @BigBeacon appear as third and fifth most influential due to a
combination of their relatively large follower bases and their relatively high level of tweeting. Two spam
accounts round out the top six most influential accounts, again testament to the high proportion of spam
activity observed here in the engineering education data set.

4 Conclusion

This paper presents an analysis of nearly 19,000 tweets relating to ‘engineering education’ collected over a
period of almost a year. Descriptive statistic were compiled and social network analysis was used to visualise
the Twitter data. Compared to studies of general Twitter traffic, relatively high proportions of retweets and
mentions were observed. This suggests that engineering education is an active and interactive topic on Twitter,
and this avenue for stakeholder communication should be of interest to all engineering academic units. The
most prolific, most retweeted, most mentioned and most influential (based on the empirical measure of
number of tweets multiplied by average number of followers) ‘engineering education’ Twitter accounts were
identified. While some engineering colleges are apparent as active tweeters or as being frequently mentioned,
the most influential accounts on the topic of engineering education are government institutions and individuals
who are particularly active on Twitter and have a significant number of followers. This suggests that engineering
academic units wishing to have influence on Twitter need to cultivate an audience of followers through both
content and interaction relevant to the audience(s) targeted. A very high proportion of spam tweets were
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observed. Spam in social media is a constant presence, and needs to be accounted for in institutional social
media strategies, even in engineering education. A limitation of this study is that the data collection strategy
and the operation of the Twitter public APl mean that the data obtained are only a subset of all tweets related
to engineering education. Additionally, space limitations meant that only the top half-dozen accounts in each
category could be presented in Table 2. Finally, this study looked only at the structure of the network embodied
by the Twitter communication, and not at the content of the tweets comprising the network. The tweet text
content is a rich and valuable data set in its own right, and deserves a separate analysis. This work provides
insights regarding how engineering education is currently represented in social media (specifically Twitter)
internationally, and offers a detailed methodology to those interested in future research in this area.
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Abstract

Engineering is one sector dramatically affected by the changes in human activities. The technological revolution and the
work market are demanding more flexibility, extra qualifications and more knowledge of specific areas from the upcoming
engineers. Engineering universities intend to increase the efficiency in learning demanding methodological quality changes
in the curriculum. The Project Based Learning (PBL) is a systemic approach, which consists of students to ‘know how’ and
knowledge acquisition through the investigation of complex questions, tasks and products, and accurate planning focusing
on efficient learning. In the PBL approach, the student is responsible for obtaining knowledge on their own. Domotic can
be defined as the automatized services applied to one house. Under the technical aspects, one domotic network can be
represented by one group the automated services that are linked and that realize several different functions. These
functions can be connected through an external or internal communication net. The house automation functions as safety,
children care, temperature control, entry access and lighting setting, all can be controlled by a microprocessor. The Arduino
electronic board is a cheaper and more efficient solution which can be applied in a house automation design for the
academic applications purposes. The purpose of this work is to analyze the performance of PBL as the foundation of a
house automation design developed by Mechanical Engineering students. It commenced by explaining to the students the
new learning methodology considering the input data. The class was divided in groups responsible of one house
automation to handle anything. Each group created a timetable for all activities, the basic tasks being: key points in the
house automation conception, project layouts, purchase, assembly, try run and presentation for final approval. Concluding
this study, the results of the PBL efficiency measurement are presented as well as improvement recommendation for future
projects.

Keywords: Project-Based Learning; Automation; Project Management; Engineering Learning Innovation; Arduino.

1 Introduction
The development of the learning methodology based on project begun in the 1900's, when the American
philosopher John Dewey (1859-1952) proved that “learning under doing” was a revolutionary way of studying.

Constructivism explains that humans learn through interactions with the environment and this process is
different for everyone. Therefore, a person is learning to build new knowledge based on the current knowledge
he/she might already have (Markham, Lamer & Ravitz, 2008).

Constructionism examines an individual learning, step-by-step, and confirms that humans learn more when
they are building something that can be shared with others (Grant, 2002).

Consequently, learning based in projects is related to the constructivism, where the know-how is not absolute,
but built by the student through his knowledge and global perception, sizing the necessity of deeply
understanding, amplifying and integrating the knowledge (Bolander, Fisher & Hansen, 2011; Crawley et al,
2007).

According to the CDIO, we can define Project Based Learning (PBL) as an instructional method in which students
learn a range of skills while, also, creating their own projects, which could be a solution to a real-world problem
(CDIO, 2010).

The main characteristics of the PBL are (Niewoehner et al,, 2011; Wilkerson & Gijselaers, 1996):
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e The student is the center of the process;

e Personal and professional skills;

e Communication;

e Attributes team work;

e Active process, cooperative, integrated and interdisciplinary and learning oriented.

The house automation is also known as domotic, which uses a technological base to do basic tasks, which in a
conventional house are done by human beings, this can be seen in Figure 1, which illustrates a domotic. Using
domotics, the tasks can be done by actuators. The automation brings security, cost savings and comfort to the
house owner. In order to conduct this domotic project the Arduino electronic board is used with the “C+"
language.

Figure 1. Domotic lllustration.

The conception of Arduino emerged in Italy in 2005, with the subject creating a device which could be used in
projects and prototypes to be built as a cheaper alternative to the others in the market, focusing on the
students and universities. Both hardware and the software are available almost everywhere.

The Arduino is a processor able to measure variables in the external environment and transfer electrical signals,
using sensors in its input and then processing all the information supplying output signals (Mc Roberts, 2011).

This paper analyses the performance application of the Project-Based Learning as foundation of a domotic
design to be developed by Mechanical Engineering students. It starts explaining the input data for the design
and adopting the Arduino as the microprocessor. Afterwards, the students choose the automation conceiving,
design, programming and implementation. As a result, the final conception is presented for the domotic and
its features as well as the Project-Based Learning efficiency measurement. Finally, some recommendations for
further projects are presented.

2 Materials

In this project, the main materials used were the microprocessor and the hardware for the house automation,
which processed and transmitted the input and output data, and performed tasks in the house without human
command, accordingly.

2.1 Microprocessor

The Family of the Arduino microprocessor used in the Project was the AT mega 2560, UNO version. This version
has flash memory of 128KB and is indicated for robotic applications, because it has enough number of inputs
and outputs. This Arduino Maga has 54 digital pins for I/O and 14 of the total for analogical output signals
PWM and 16 pins for analogical input.
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2.2 House Automation
Using the C+ language, codes were created and described as a function to be performed in one house
automation system. The codes are integrated to one Arduino electronic board, which receives and process the
data and start functions through the mechanism to be integrated by binary codes, which are protected by
security systems. Afterwards, one operational system is integrated to the domotic system (Bolzani, 2004;
Mariotoni & Andrade Jr., 2002).

Using the domotic concepts, the Arduino electronic board and C+ language for programming, the group of
students planned to introduce the following automation functions:

e Electronic babysitter;
e Lighting automation;
e Camera systems.

3 PBL Methodology Applications
The methodology is divided in two topics: the first one regards the project time table, which adopted the
development of the 5W2H tool; the second describes the procedure adopted to evaluate the PBL efficiency.

3.1 Project Time Table

The students were divided in teams and before they commenced, each team elaborated a time table following
the 5W2H concept as shown in the Figure 2 below. The commitment to the schedule was submitted under
assessment to evaluate the teams’ abilities in terms of project management skills. Afterwards, each check point
had a team meeting with the students presenting a new plan to correct the delays and the failure method
analyze effect was introduced to each team in order to avoid that new problems appeared without any action
to solve them.

5W2H Planning
Group Student 1, Student 2, Student 3

Qbjective Student 4, Student 5, Student 6, Student 7

When . . tuati

What Who Where How Why How % Completed| Today |[Situation
Beginning |End

Choosing the Project Everyone 20-Aug| 27-Aug|UNIVERSITY Agreement Starting Point - 100% 100% ok
Internet Research Everyone 20-Aug| 24-Nov|UNIVERSITY Google, Mags Concept {design)] - 100% 100% |ok
Theoric Research Student 1, Student 4, Student 5 20-Aug|  3-Sep|UNIVERSITY Library, Google Theoric Basis - 100% 100% |ok
Project (Sketch) Student 3, Student 6 27-Aug| 10-Sep|UNIVERSITY AutoCad Sketch for assembly - 100% 100% |ok
List of Material Student 2 22-Aug| 15-Oct|UNIVERSITY Manual To provide materials - 100% 100%|ok
Prototype Assembly Student 7 29-Aug| 20-Oct|Student 7 House |Office To prepare assembly - 100% 100%|ok
Material Purchase Everyone 2-Sep| 2-Nov|UNIVERSITY Manual or Tools Prototype - 0% 80%|not ok
Programming Everyone 1-Sep| 2-Nov|UNIVERSITY Arduino To move the arm - 0% 60%|not ok
Prototype Testing Everyone 2-Sep| 24-Nov|University Lab  |Function Test To assure correct function - 0% 50%|not ok
Final Assessment Everyone 2-Sep| 24-Nov|UNIVERSITY MS Word To show the professor - 0% 30%|not ok
Presentation Everyone 16-5ep| 24-Nov|University Lab  |MS Powerpoint For final avaliation - 0% 0%|not ak
Final Data Everyone 14-Sep| 26-Nov|UNIVERSITY Written work and presentation |Avaliation - 0% 0%|not ak

Figure 2. Time table of the main activities using 5W2H conception.

3.2 Methodology for the PBL Efficiency Measurement

In order to measure the PBL efficiency, the class was divided in eight groups composed by six students per
group.

The original discipline was Computer Aided Manufacturing, however, the PBL application, focused on
interdisciplinary activities and more disciplines were integrated in the project, such as: Project Management,
Manufacturing Process, Team Working and Material Management. The assessment system was composed by
grades from the check point meetings and by the final project evaluation. During the PBL implementation, the
professor's roles were to consolidate the multidisciplinary theoretical concepts and coach the students through
this new learning approach method. The project milestones were displayed on a timetable as shown in Figure
2 using the 5W2H concept.

The data was collected via an electronic survey, which can read and answer without the teacher’s interference.
The electronic survey generated statistical data and the results were imported to an Excel sheet. A proper

47



(e MLE,

survey was applied to the students and it was composed by six questions to evaluate, the items were presented
in the following order:

e The quality of the team job

e Level of commitment of the team with the results
e The prototype conception

e Team capacity in project management

e Capacity in team work

¢ Knowledge acquisition

4 Results

In this section, the results of the domotic application are presented considering the output from the eight
groups involved in the PBL. Followed by the PBL efficiency measurement, also presented for each evaluated
question and the results are commented.

4.1 Domotic Application Results
All groups involved in the PBL, presented the following results for their prototypes:

e Security System: Using one sensor (switch or microphone), when it captured one signal it was sent to
the input slot of the Arduino board, which computed the signal and sent it to the emergency lighting
system.

e Lighting: using one mobile phone the house lighting system was turned on.

e Babysitter system: The baby crying was simulated in the house and using the microphone the signal
was sent to the Arduino following this information, a signal was sent to the mobile phone.

Figure 3 presents the back view of the prototype developed by the students. The main part of the hardware
can be observed, which was used in the domotic application.

Figure 3. Back view of the prototype.

4.2 The Project-Based Learning Efficiency Measurement Results

The six-question survey was given to all students in an open question format. The students choose between
five levels of specialization conformity and in accordance to the personal perception of the PBL methodology.
The outputs are as followed with comments included:
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How is the quality of our work

30
25
20
15
10

Very Good Good Satisfactory Poor Very Poor
H Students 13 28 1 0 0

Figure 4. Evaluation of their work quality.

The majority of the students have the perception that their work was conducted according to the input data
given to them in the beginning of the project and the quality of their work reached the established standards
as shown in Figure 4. In fact, the students amplified their range of knowledge in terms of automation and
domotic, using a multidisciplinary approach.

How was the job around

developing the project

30
20

o
O I

Very Good Good Satisfactory Poor Very Poor
B Students 12 28 2 0 0

Figure 5. The results of the job around the project and their commitment.

As can be observed in Figure 5, almost all the students felt that they were responsible for the final results of
the project. It shows that the PBL methodology gave them the sense of responsibility to conduct all the
activities for the project success.

How was the Final Prototype

30
25
20
15
10

5

0

Very Good Good Satisfactory Poor Very Poor
M Students 24 17 1 0 0

Figure 6. The final house automation performance evaluation.

The developed group methodology had the capacity to go over their limits and encouraged them to reach the
goal established for the project. They worked in the conception, design, manufacturing, assembly and try run.
All the house automation runs well under the specifications and on time as shown in Figure 6.
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How was the Capacity to Plan and

Coordinate
30
20
10
.| 1 =
Very Good Good Satisfactory Poor Very Poor
B Students 13 24 5 0 0

Figure 7. Project Management Abilities.

The Project-Based Learning gave the students the sense of planning and project management skills. Although
the original discipline was related to Computer Aided Manufacturing the students learned deeply about
management. Figure 7 shows how was their capacity to plan and coordinate.

How was the Relationship of our
Group

30
20
i
O -
Very Good Good Satisfactory Poor Very Poor
B Students 14 22 6 0 0

Figure 8. Capacity in team work.

By the end of the survey, it can be concluded that more than an interdisciplinary methodology, PBL motivated
the students to work as a team, which is exemplified in Figure 8. This skill is essential for an engineer in the job
market and sometimes is neglected in engineering curriculums.

How was Acquiring Knowledge
25
20
15
10

5

0 I—

Very Good Good Satls;actor Poor Very Poor
M Students 22 18 2 0 0

Figure 9. Knowledge acquisition using PBL as the learning methodology.

Finally, PBL, as shown in Figure 9, it is a strong tool when knowledge acquisition is demanded. The students
faced many difficulties during the project development but solved all of them with the knowledge acquired in
different fields.
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5 Conclusion
In this paper, the Project-Based Learning application was evaluated. It was discussed the PBL conception as
well as the concepts regarded to house automation as a mean to apply the innovation learning methodology.

Using the hands-on concept the students conceived, designed, assembled and implemented the domotic
project. The automation features were measured and checked with the project input data specification. The
students’ skills in terms of project management were developed.

A survey was used to verify the efficiency of the PBL using the domotic project as the main students’ motivation.
The results of this innovative learning methodology were presented with great grades and vast comprehension
with the majority of the students to which the survey was conducted. As a result, the perception of the teams
regarding to their job quality, commitment, prototype building, planning capacity, team work spirit and
knowledge acquire were conducted in an efficient way when the PBL was applied as the learning innovative
methodology.

As for further research works, it is recommended that an individual assessment should be conducted and
followed by a peer evaluation, in order to measure the level of assimilation of the multidisciplinary contents by
each of the students as well as a way to also measure the efficiency of the Project-Based Learning that could
be obtained by the results evaluation.
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Abstract

This paper reports the experience of two semesters of the execution of the discipline Industrial Chemical Processes in
School of Engineering of Lorena, at the University of Sdo Paulo, with the Project Based Learning approach. Both semesters
were based on a set of rules which established the division of the class into groups to submit projects related to the syllabus
of the discipline. The tasks of the groups were executed in the form of two semi projects, the first should address general
aspects of the topic and the second should present a problem related to the theme and an innovative proposal for its
solution. Two by two, groups competed each other for an investment to be determined by the rest of the class, who were
the investors. Generally, students approved the method and were excited about the mood of competition. However, in the
first experience, it was detected a limiting of learning related to the division of the subjects into groups, which forced the
groups to have greater access to their own topics, so, in the second experience modifications in the rules were made, with
the introduction of stakeholder groups, which resulted and increased access to global content of the discipline. The paper
also reports other conclusions reached by the authors for this rich experience

Keywords: Active Learning; Engineering Education; Project Approaches; Business Environment Simulation.

1 Introduction

In recent years, engineering courses have been facing a double challenge; they must deal with the high velocity
of technological changes and, at the same time, they must provide engineers with skills that some years ago
were acquired from the professional experience, such as capacity of team work, leadership, communication
and expression. These abilities are being called as soft skills (Lima et al., 2007).

Important studies associating the knowledge retention rate to the teaching method have reported that
traditional classes present average rates of retention of only 5%, while discussion groups, practice by doing
and teach others to do respectively show average rates of 50%, 75% and 90% (Singhal et al., 1997; Surgenor &
Firth, 2006). Thus, it is clear that traditional forms of education, although still widely practiced, do not reach the
expected role to the XXI century education.

The PBL method stands out for having the student as central and main figure in the learning process and to
focus on the student and its performance in order to acquire the skills defined in the planning of the process
(Lima, et al., 2005). According to Borges et al. (2011), the main characteristics of the method are: the student
as the centre of the process; the development of the project in tutorial groups and to be an active, cooperative
and interdisciplinary process.

The use of games and simulation of real life situations have been demonstrated to be useful tools to exploit
its potential to present complex situations without discouraging students, allowing them to examine important
elements of the professional field while they learn the elements of the syllabus (Braghirolli et al., 2016).
Furthermore, gaming and simulation environments are excellent learning tools because they can replicate real
contexts or even provide training situations that occur in very specific circumstances (De Carvalho, 2012).

Also seeking for the ability to simultaneously satisfy the demand for knowledge and motivation, Soares et al.
(2013) have demonstrated that the competition among groups is positive, because they feel more responsible
for the results and more motivated by the expectation of winning the competition, while they have improves
in their creativity, as measured by Cascini et al., (2015).
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Business game has been successfully used by Khrushchev et al. (2015) as a tool for simulating various aspects
of professional environment, imitating the industrial process in a simplified reconstruction of real
manufacturing situations, showing the potential of these simulations to enhance learning.

In this work, the authors show how two consecutive experiences, based on PBL principals, were used to simulate
a business competitive environment with the students of a discipline called Industrial Chemical Processes
aiming at the same time to promote the learning of the elements of the course syllabus and the acquisition of
soft skills needed to the engineering professionals.

2 The method

2.1 The discipline

The discipline chosen to perform this experience is called Industrial Chemical Processes Il. It is placed at the
eighth semester of a ten semesters syllabus of the Chemical Engineering course at School of Engineering of
Lorena, a unit of the University of Sdo Paulo in Brazil. It is not a discipline of the main core of the syllabus, but
it is important because it improves the overview that the student has on chemical engineering knowledge
areas.

The program of the discipline consists of six themes: pulp and paper industries; sugar industry; alcohol industry;
biotechnology industries; technology of fats and oils and manufacture of soaps and detergents. Its objective is
to provide students with a current view of industrial processes that use chemical or biochemical conversion as
a route of transformation of raw materials into products.

Up to 2014, the discipline was taught with traditional teaching method, that is, the professor prepared lessons
in slides and passed the information to the students in lectures. They were evaluated through two written tests.

2.2 The new proposal

The new proposal to the course is based on a PBL approach. The classes were divided in groups. Each two
groups were supposed to work on the same theme (their project) and they would compete against each other.
The group should act as if it were a start-up company; the rest of the class should act as if they were investors,
who should define what "company" would receive more investment, in terms of percentage.

The basic rules of the “game” were announced in the first week, after a motivational speech on the PBL method
and its benefits to the learning process.

In the second week of the schedule, the students attended to a lecture about project management and had to
prepare a basic project to attain their objectives, this project should be presented on the fourth week, after the
third one, when they learned about presentations.

2.3 The stating rules
The rules that regulated the experiments have been compiled on 12 items, as described in Table 7.

Table 1. The main rules.

1 The course will be based on a PBL approach, thus, all program content will be viewed by students within a
scheme in which you will have to "get your hands dirty."

2 The central idea is that there will be working groups that will act as start-up companies that will present
projects to investors.

3 The class will be divided in groups that will have the following positions: Manager, reporter, spokesman and
co-workers.

4 Each two groups will work on one of the following themes:

pulp and paper industries

sugar industry

alcohol industry

biotechnology industries

technology of fats and oils

manufacture of soaps and detergents

SOk wn =
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5 The groups compete with each other in pairs, that is, a group has as an opponent the one who works on the
same theme.

6  There will be a presentation schedule, divided into two blocks. In the first block, each group will present their
area of knowledge, in the second; it will present a specific problem and its innovative solution for it.

7  Each group should prepare an "investment proposal” in its area of expertise to convince investors to allocate
“funds” to the project. Since investors know nothing about the matter, in the first presentation the group must
let them know the context of the subject; then, in the second presentation, the group have to present an
innovative idea to be implemented, containing study of technical and economic feasibility and possible
environmental impacts.

8 The investors are the students (except, of course, the assessed team and its opponent), so that the students
decide what percentage of the available “funds” will be allocated to each project. The amount of available
resources is imaginary and should be set in percentage terms for each team.

9 Each presentation must include:

1. A text, delivered at the presentation day in PDF format;

2. A slideshow of up to 15 minutes;
After each presentation, the opposing team will do a question to the presenting team. The team has five
minutes to formulate and present the answer.

10 In the week between the two blocks of presentation, the groups may reorganize changing positions of each
member. Each group may, only in this week, dismiss a member of the group, which will be "unemployed” and
may get “job” in another group (provided that there is a place there). The firing and admission must occur by
majority vote of the members of the group. To a member of the group is also possible to fire himself, which
also leads him to the condition of "unemployed".

11 Students who remain in the condition of "unemployed" will have its grades calculated by the normal rule of
assessment of the discipline, that is, two written tests, made in the middle and in the end of the semester. The
subject of the tests will correspond to the content of the presentations made until the evaluation date.

12 Any additional demands and needs in order to enable the course to be applied properly will be adjusted during
the semester by the professors.

2.4 The composition of individual scores
Also on the first day of the course, the rule of composition of individual scores was shown to the students, thus
everyone knew how they would be evaluated and how their score in the discipline would be calculated.

The students had two grades in the semester, corresponding to the grades of the two written tests of the
regular rule of the discipline. These grades were called as P1 and P, and were calculated according to the
equation (1)

P, =Givest + Gt TGpeer G

X invest att peer prof (1 )

Where Ginvest is the average of the investment received by the group, Gax is a grade proportional to the
attendance to the presentations, Gpeer. is the peer assessment of the student (attributed by its own group) and
Gprof Is the grade attributed to the group by the professors. The rule for each grade is shown in Table 2.

Table 2. The rule of composition of individual scores.

Grade Points

Investment (G) From O to 4 points (proportional to the investment)
Attendance in activities (I) Up to 2 points (proportional to the amount of attendance)
Peer-assessment in the group (1) Up to 2 points (specific rule)

Overall score - Professors (G) From O to 4 points

(G) — Group (I) — Individual / Note. The sum cannot exceed 10!

As it can be seen in Table 2, if all the grades are the highest, the sum is 12, but the maximum score at the
University is 10; this was intentional, because in case both opponent groups were very good and balanced and
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had their investment divided in 50% for each, the grade of the professors could compensate a possibly unfair
grade, making possible the highest score (10) to the student or group.

After each presentation all the “investors” received a card with statements about the quality of presentation,
with responses scaled between strongly disagree and fully agree, according to the Likert scale (Likert, 1932), as
it can be seen in Figure 1. They had to fulfil the card with the investment grade, in percentage.

Statement Strongly | Disagree Neither Agree | Strongly
disagree disagree agree
nor
agree

The presentation was appropriate to the subject

Presenters demonstrated to have adequately prepared to pass
on their knowledge to you
The topics of the presentation were well organized

The oral presentation was clear

The presenter made good use computational and audio-visual
resources available
The presenter made good use of time for presentation

In the question section, the group presented their arguments
clearly and rationally
The presentation contributed to your learning

The presentation sparked your interest to study more about it

The presentation convinced you to invest in this company

Knowing that there are two companies presenting on the same Group A_%
subject and you should invest all your resources in both and,
based on your answers above, what percentage of your
resources you decided to invest in this company?

My Name: My Group:___

Figure 1. Evaluation and investment card.

The peer-assessment in the group had a specific rule. The group should attribute a grade for each member,
according to the possible notes that are described in Table 3, so that the sum of the grades of the group result
zero. Each grade corresponds to a number of points that contribute to the score of each student. The idea was
to force the group to rank the quality of participation of each member.

Table 3. Range of possible grades in peer-assessment.

Possible Grades Points
-2 0

-1 0,5

0 1

1 1,5

2 2

All the control of the process was implemented using Excel worksheets where the professors noted every week
the presence, the investment given by each student to the groups and his own grade to each group. At the
end of each block of presentation, they collected the peer assessment grades and the P, grade was calculated
and published.

2.5 The experiments
The experiments were conducted on the second semesters of 2014 and 2015. In the first time, the class had 66
students and in the second, 24.

There were some differences between the first and the second experiments. The first difference is related to
organization of groups according to the number of students in two classes. In 2014, the course program was
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organized in six topics, according to the shown in Table 1, but in 2015 it was reorganized into four topics. Thus,
in 2014 there were twelve groups and in 2015 only eight.

There were also some changes in the starting rules, as the professors felt that they needed to be improved.
The evolution of the rules, both during the year 2014 as those implemented only in the next semester will be
discussed below.

3 Results and Discussion

3.1 The presentation environment

In the fifth week of the semesters the presentations were started. The first important behavioural point
observed was the language used by the presenters; they have immediately grasped the idea of the business
environment and they have addressed to the class as if they were talking to possible interested in their business,
not as speaking to classmates, using a more formal language than that used colloquially.

The competition environment has brought seriousness to the process. It was observed that most teams have
worked well in their presentations, trying to convince colleagues that their "companies" knew enough about
the subject they worked.

The frequency in the classes was high, averaging 90% attendance at all sessions. Obviously a lot of this was
due to the fact that part of the grade (up to two points) was proportional to the frequency, but the active
participation of students in presentations could be observed in several occasions, with students asking
questions and comments to presentations that did not concern with their specific themes.

3.2 Corrections in some rules during the first experiment
Over the first few weeks of work, some corrections had to be made in the rules to adjust the methodology to
the proposed objectives of the course. Among them, stand out the following:

e Each week, two groups presented their work based on the fundamentals of their theme, and then the
opponent team formulated their question to the group. Although the objective of this procedure was to show
the “investors” the knowledge of the group on its subject, some opponent teams started to formulate questions
as real traps, aiming to put the presenters in a difficult situation. So the professors started to judge questions
before they were proposed and when they observed the destructive intention in some question, they asked
the group to reformulate it.

e After a few weeks of work, it could be noticed some interesting facts on the behaviour of students. The
main fact to be reported is that about the popularity of some individuals, who began lobbying for more invest
in their companies, regardless of the presentation quality.

This fact could be observed when the professors noticed a discrepancy between their evaluation and the
investment obtained by some groups that had clearly presented a job with lower quality. To eliminate the
suspicion, the professors called some students to talk privately and asked if there was anything abnormal in
the allocation of investment for that particular group. Then some students revealed that a group member, a
very charismatic person, had asked colleagues to invest more in his group.

Despite of considering a serious fact, the case was seen as caused by the competitive environment that has
been created, which has a whole positive aspect for promoting the quality of work, but, on the other hand, also
has a negative side which can lead the unethical actions like this.

The means employed to correct this problem was to introduce an adjustment factor in the investment grade
for each student. This factor was called “payback investment factor” and was calculated according to the
success of their investments in groups who obtained higher average investments, ie, if the student
systematically invested in groups that had low average investment, the factor would be less than one and his
investment note would decrease slightly, but if the student invested in the best-evaluated groups, the factor
would be greater than one and his investment note would increase slightly. So, equation (1) was replaced by
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equation (2). After this change of rule, no more discrepancies were observed between the class average
investments and professors' grades.

P =G x f

X~ “invest

payback + Gatt + G peer + G prof (2)

Where fret is the factor of return on investment.

e Other correction that was necessary was related to the peer assessment grade. At the end of the first block
of presentations, all the groups were instructed to rank their members according to the rule of peer assessment
described in Table 4. But, 10 of 12 groups attributed the grade zero to everyone, what did not break the rule,
but neither ranked the quality of the participation of each group member. So, for the next assessment it was
prohibited zero attribution for all group members.

3.3 New rules added to the second experiment
Based on the experience gathered in the first experiment, some chances were implemented in the rules to
improve the system.

e The first and most important change was the creation of the stakeholder groups. One of the problems
pointed out by the students in the first experience was related to the fact that the groups become too restricted
to the study of their own work issues. Then the figure of the stakeholder group was established, the interests
of this group were in some way linked to the success of another group. Thus, the stakeholder group should
help another group on their work and, on the day of their presentation, interact with the presenters in order
to enrich the knowledge transmitted by them. The compensation for the work of stakeholder appears as an
extra grade that can be added to the score assigned by professors to their group. This extra grade, called G,
is the difference between the score achieved by the group supported by the stakeholders and their own notes,
whenever this difference is positive. So, a new term is added to the equation (2), that becomes the equation

3):
P, =G

X invest x fpayback + Gatt + G + (G prof + Gstk ) (3)

peer

e A change was also made in the rule number 9 of Table 1, the presentation time has been increased to 25
minutes and the question asked by the opponent group was eliminated, being replaced by 15 minutes for the
stakeholder group to present its contribution to the issue presented, after that, the questions were open to the
entire class.

¢ A third change was made. In order to measure the knowledge acquired by students in each topic presented
by the groups, before each presentation of the first block, it was distributed a questionnaire containing multiple
choice questions on the subject of that week. The students had 15 minutes to answer it and they were told
they did not need to be identified and that the result of that test would not influence in their grades. After the
second presentation of each group in the second block of presentations, the same questionnaire was
distributed and answered with the same instructions. The idea was to measure the increase of knowledge after
the presentations. Unfortunately, presumably because the students did not identify themselves and the results
did not change their grades, it was noted that many students did not answer the questionnaire seriously,
especially in the second round. With a careful analysis of responses, those considered "not serious” have been
eliminated, and it could be seen an average increase of 45% in the success rate of responses. Nevertheless, this
result shows no statistical confidence and cannot be taken into consideration. For the next experiment, a new
change in the rules is already stablished: students should be identified when answering these questionnaires.
In addition, a way to get the increase in knowledge of the students into account on the composition of the
final grade is being planned.

3.4 Transversal Skills observed

By working in groups with their organizational structure and leaders, students had the opportunity to exercise
leadership and communication skills, sense of organization and responsibility for meeting schedules. The
creativity and proactivity are other skills that have come with the PBL, since learning was focussed on the
student, who became the main actor in the process of acquisition and manipulation of information. With the
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presentations to the classmates, students exercised the ability to assemble a clear and succinct presentation,
besides the control of time, a great difficult for those who are still inexperienced.

The management of internal conflicts in groups can also be highlighted as one of the skills exercised during
the course. On many occasions, groups came to the professors to bring problems such as: a member who does
not work, a member who wants to do everything by himself, a member who wants to fire himself to work with
another group, etc. In all these cases, the professors’ guidance was always in the sense that the problems
should be resolved as if they were acting in a company, i.e. targeting the company's interests and not the
particular interests of each member.

3.5 Evaluation of the course by participating students

In order to have a feedback from students about the methodology to which they had been submitted and to
evaluate the acceptance of the method by students and also to understand to what extent the method
contributes to the formation of the student, a survey was completed by the whole class on the last day of the
course in both semesters. The survey consisted of statements to be classified according to the Likert scale. The
statements are described in Table 4. The answers to the survey are compiled in Figure 2 for 2014 and in Figure
3 for the 2015 experience.

The results of the surveys show that most students consider that, although it is an innovative and more
motivating method that traditional one, it did not bring losses to their learning. In addition, students consider
that the course has a workload equivalent to the traditional course, which may contradict the tendency to think
that these methodologies relieve students' workload.

Table 4. Statements to be evaluated by the students.

Statements

—_

The methodology used in this course is innovative

| think the learning method has brought losses to my learning

This way used in teaching the discipline was more motivating than the traditional way

This way used in the course of teaching resulted in a higher workload than the traditional way
| have reached to learn very well the subjects concerned to my group

| have reached to learn very well the subjects concerned to the other groups

| consider that the criteria for evaluation (grades) were righteous

There have been many attempts to circumvent the rules by the students

I wish more disciplines were taught this way

O W 00 N o U1 M W N

—_

The competitive environment contributes to motivating the learning

Analysing the answers to statements 5 and 6 to the 2014 experience, it was observed that the students could
better learn the items related to the subject of their work group than other matters, even considering that
everybody had accessed all subjects through the critical analysis they needed to do to the work of other teams
while acting as investors. This may be the most imperfect point of this experience. On the other hand, in the
2015 experience, when the stakeholder groups were created, it can be observed that the sum of agree and
strongly agree responses changes from 91% to 100% (2014 to 2015) for the statement 5, but it increases from
42% to 60% (2014 to 2015) to the statement 6, what clearly means that the creation of the stakeholder groups
was effective in increasing the access to the subjects related to other groups.

In general, students from both semesters considered the evaluation criteria were fair, and would like more
disciplines were taught according to this PBL method.
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Analysing the responses to the statement 8, the sum of strongly disagree and disagree changed from 55% to
93% from 2014 to 2015. Probably, this change is related to the creation of the payback investment factor, which
acted only in the second half of the 2014 experience, but in whole 2015.

As a final point, the perception that the competitive environment contributes to motivating the learning, raised
from 60% to 93% from 2014 to 2015, what can be seen as combined result of the changes brought to in the
system and may be associated to the increase of the fairness of the evaluation'’s criteria.
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Figure 2. Compilation of the answers to the questionnaire in Table 4 — 2014.
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Figure 3. Compilation of the answers to the questionnaire in Table 4 — 2015.
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4 Conclusions
This paper reports the application of a PBL method in a discipline of the course of Chemical Engineering in two
experiences realized in 2014 and in 2015.

The rules created to conduct the experiment allowed the professors to simulate a business environment so
that the students felt as if they were acting in their professional lives.

From the first to the second experiments, the rules have been improved, which increased student access to the
contents of the discipline, enhanced the perception that the grading system is fair and declined attempts to
circumvent the rules, in addition, the changes increased the motivation brought by competition between
groups.

The solution of conflicts of interest and the achievement of goals and deadlines allowed students to develop
important skills for their future professional activities while they learned the content of the syllabus.

Finally, the authors believe they have achieved success in their objectives of facilitating the learning of the
course content and at the same time they have driven students to acquire some of the important soft skills.

The simulation of a business world proposed herein may be readily adapted for other situations, with minor
changes in the basic rules proposed here, it is believed that the method can be applied to a wide variety of
disciplines of the engineering courses.
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Abstract

The European Project Semester (EPS) is a one-semester capstone project/internship programme offered to engineering,
product design and business undergraduates by 18 European engineering schools. EPS aims to prepare future engineers
to think and act globally by adopting project-based learning and teamwork methodologies. The EPS@ISEP programme —
the EPS programme provided by ISEP — the School of Engineering of the Polytechnic Institute of Porto — started in 2011
and has since welcomed 3rd and 4th year mobility students during the spring semester. In particular, sustainable
development is a pervasive concern within EPS projects. It was in this context that, in 2012, a team of EPS@ISEP students
decided to develop a water disinfection system. While the technical goal of the project was to design and develop a fluid
disinfection system for removing bacteria, viruses and seaweeds, the overall objective was far more ambitious: to help
students learn, develop and adopt sustainable practices for their future professional life. The system was intended to be a
simple and effective solution for water treatment and recycling. At a larger scale, the project contributes to the preservation
of the planet's fresh water resources and to the improvement of the population’s health by eliminating harmful
microorganisms from the water. This challenge was, by itself, motivational and exposed the team to new learning
experiences. The team found several approaches for water treatment and, after a detailed analysis, decided to adopt
Ultraviolet (UV) irradiation for the removal of microorganisms. This multidisciplinary real world problem drove the team
during the semester. The team surveyed and compared different methods for water cleansing and recycling, chose one
approach and, then, designed, built and tested the prototype. In addition, the students also addressed marketing,
sustainability as well as the ethic and deontological issues regarding the proposed solution while developing cross-cultural
understanding, teamwork and communication skills. The project provided an excellent opportunity to foster the concept
of sustainable development amongst students.

Keywords: Engineering Education; Sustainable Development; European Project Semester; Water Disinfection.

1 Introduction

The European Project Semester (EPS) is a one-semester capstone project/internship programme offered to
engineering, product design and business undergraduates by 18 European engineering schools. EPS aims to
prepare future engineers to think and act globally (Andersen, 2004), by adopting project-based learning and
teamwork methodologies, fostering the development of complementary skills and addressing sustainability
and multiculturalism. In particular, sustainable development is a pervasive concern within EPS projects.

The EPS@ISEP programme — the EPS programme provided by the School of Engineering — Instituto Superior
the Engenharia do Porto (ISEP) — of the Polytechnics of Porto — welcomes engineering, business and product
design students and includes six modules: Project (20 ECTU), Project Management and Team Work (2 ECTU),
Marketing and Communication (2 ECTU), Foreign Language (2 ECTU), Energy and Sustainable Development
(2 ECTU) and Ethics and Deontology (2 ECTU). These 2 ECTU modules are project supportive seminars oriented
towards the specificities of each team project (Malheiro et al., 2015).

Every spring, EPS@ISEP proposes a set of projects (each one with a specific client, responsible for defining the
project requirements and checking its compliance) with a strong focus on sustainability, to raise the students
awareness to the problem. In the spring of 2012, a team choose to develop a Water Disinfection System, which
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was proposed by the Chemical Engineering Department of ISEP. In accordance with the EPS 10 Golden Rules,
the team was composed of four students with different nationalities and backgrounds (Malheiro et al., 2015).
The goal of the disinfection system was to produce clean water (with no microorganisms) to be used in research
experiments, using an automated system. The cleaned water was NOT intended for drinking. In the students’
opinion, this project was an opportunity to contribute to clean / recycle already used water. Before building
the product, the students studied and compared different solutions regarding water disinfection, developed a
marketing plan with competitor and SWOT analyses and a marketing programme. Subsequently, they designed
a solution, analysed its sustainability and specified a list of the materials, which they used to build and assemble
the system. Finally, they carried out the necessary electrical simulations and experimental tests to verify the full
operational capability.

Several approaches can be found nowadays for purifying water, such as using chemicals (chlorine, ozone),
Ultraviolet (UV) lamps, reverse osmosis and filtering. The team decided to use UV radiation for removing
microorganisms since they found it to be the most advantageous method to achieve the goal. As a result, the
project’s technical goal became to build and develop a disinfection system to remove bacteria, viruses and
seaweeds from water using UV radiation, taking into consideration the requirements defined by the client: (i)
the system should be able to provide 72 I/h continuous flow-rate; (ii) the treated water should not contain any
viable cells of pathogenic (in particular bacteria, viruses, seaweeds, microalgae); (iii) the cleanness of water
should be such that sun light can pass through the water layer, and reach about 15 cm depth of water with
microalgae; (iv) the system should be controlled by a Programmable Logic Controller (PLC); and (v) the budget
for developing the entire system is 400 €.

This paper presents in Section 2 a brief state of the art on methods for water treatment. Then, Section 3
introduces the system architecture proposed and Section 4 describes the implementation of the system and
the tests performed in order to check the correct functioning of the device. Finally, in Section 5 the discussion
and conclusions are presented.

2 Water Treatment

Water treatment is presently a very important topic since the world's fresh water resources are becoming
limited (Water Facts, 2016). Every year millions of people die from water related diseases and others due to
lack of access to clean water. Several companies and institutions are increasingly seeking different ways for
disinfecting and cleaning contaminated water in order to re-use it. There are several applications and
approaches for cleaning wastewater, namely using chemicals (chlorine, ozone), UV lamps and filtering. In the
following subsections the main methods commonly used for water disinfection will be presented as well as
some companies that sell products for this purpose.

Besides disinfection, which aims at reducing or eliminating the contents in pathogens, the water can also be
submitted to several other different physical-chemical treatments, such as mechanical filtration, carbon
filtration, removal of nitrates, decarbonisation and demineralisation, removal of iron and manganese, water
softening (removal of components causing water hardness, involving the conversion of calcium and
magnesium ions, responsible for hardness of water, into sodium ions), and the correction of pH. None of these
treatments was addressed in this project.

2.1 Methods for Water Disinfection

2.1.1 Chlorination

Chlorination is the cheapest and most popular way to eliminate pathogens and disinfect water. The bacteria
and viruses are destroyed by the action of chloride or pure chlorine gas to the water. Chlorine gas is the least
expensive form of chlorine available, being the typical amount of chlorine gas required for water treatment
ranges from 1 mg to 16 mg per litre of water. However, the most popular means of disinfection consists of
using a solution of sodium hypochlorite (NaOCl), which is also the most efficient of the chlorinated
disinfectants, with a recommended dosage from 0.2 mg to 2 mg of NaOClI per litre of water (SDWF, 2016).
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The dose of chlorine should be selected according to the water quality. For the preparation and dosage of the
solution, chlorinators are used (a chlorinator is typically composed of a diaphragm pump/suction-pumping
engine, a polyethylene tank for the sodium hypochlorite solution, a suction pipe in the tank that contains the
solution of disinfectant and a duct). The chlorinator must be installed in a separate room equipped with
ventilation and as close to the receiver as possible. Sodium hypochlorite disinfection presents the disadvantage
of deterioration of water odour and taste by chlorine. Despite its popularity, chlorine disinfection has gained
several opponents since, not only, it is unable to kill some protozoan cysts, but produces trihalomethanes, a
carcinogenic disinfection by-product (SDWF, 2016).

2.1.2 Ozonation

Ozonation consists of injecting oxygen enriched with ozone (O3, triatomic oxygen) through the water. Ozone
production is a local instant process generated by a silent, electric discharge in a high voltage alternating field,
which affects the flow of clean, dry oxygen or air from the environment. Water ozonation stations consist of
equipment for the production of ozone (ozonators) and contact tanks for dissolving ozone into the
contaminated water.

Ozone has many advantages, which make it appropriate for application in water treatment: (i) ozone
application improves the colour and taste of water; (ii) ozone oxidation trace contaminants such as pesticides
and surfactants are destroyed; (iii) ozone is a powerful oxidizing agent that reacts directly with organic double
bonds; (iv) ozone causes the biological disintegration of organic substances in wastewater which, in turn, when
applied to a biologically active filter are further broken down to CO, and water; and (v) ozone causes the
destruction of microorganisms contained in the water.

The disinfection of water by ozonation is most often used in swimming pool water, as well as in the case of
large aquaria and fisheries. Ozone is also used for wastewater treatment such as surfactants and detergents
from the laundry. As a basic principle widely applicable, the following requirement is applied: to get the highest
degree of disinfection of drinking water, a residual ozone concentration of 0.4 mg/dm? must be maintained
for a period of 4 min (Ozonia, 2009). However, although ozonation is an effective water treatment for
aquaculture systems, ozone is also very dangerous and 5 ppm can be immediately life-threatening to
personnel, which poses serious restrictions to its use (Summerfelt at al., 2009).

2.1.3 Ultraviolet Radiation

Solar disinfection takes advantage of UV radiation. However, only UV-A (400-315 nm) and UV-B (315-280 nm)
reaches the Earth surface since the UV-C (280-100 nm) fraction of this radiation is almost totally absorbed by
the atmosphere (WHO, 2016). Solar disinfection systems have long been used for water treatment (Kalt et al.,
2014).

The fact that the UV-C light spectrum (280-100 um) is absorbed through the structure of the DNA of
microorganisms, stops their replication and constitutes a powerful chemical free bactericidal. By using a
properly selected time and intensity, UV radiation can completely destroy microorganisms (Abbaszadegan et
al., 1997) through the destruction of their DNA. Different organisms have different resistance to UV. In order
to destroy a certain type of microorganism specific UV doses (mJ/cm?) are applied (ClorDiSys, 2013).

The effectiveness of disinfection depends on the extent of the microbial contamination of the water. Usually it
is defined for indicator bacteria, namely Escherichia coli. For the purpose of drinking water, disinfection in
waterworks usually is taken to be effective for Escherichia coli at the level of 99.9 %, requiring a UV dose of
40 mJ/cm?. The dose is adjusted depending on the application.

UV sterilization lamps are widely used to disinfect water without using heat or chemicals. UV lamps can replace
pasteurizers in breweries, mineral water bottling plants, food processing plants at a fraction of operating costs.
These devices provide a safe sterilizing system, disinfecting water in conventional greenhouses and closed
loops with drainage. UV disinfection of water can be done at the location. Ultraviolet sterilization in the
swimming pools results in the reduction of the amount of chlorine or even the total abandonment of
chlorination. UV use in ponds and fountains protects water from organic matter rotting. UV lamps are also
used for the destruction of ozone in ozone water.
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The use of UV sterilization lamps presents the following advantages: (i) UV radiation of wavelength 254 nm
damages DNA, which is lethal to microorganisms (Timmermann et al., 2015); (i{) does not alter the chemical
composition of water; (iii) is overdose free; (iv) has low operating costs; (v) is free from the problems related
with the use of chlorine (or other chemicals) and corrosion; and (vi) breaks down some pathogens such as
Cryptosporidium, which are resistant to chlorination (Agrawal and Bhalwar, 2009).

Although UV irradiation provides a chemical free method of disinfecting soundproofing materials that are
traditionally chemically incompatible and an effective method for inactivating pathogens resistant to chemicals,
it presents the disadvantage of not being effective if the water has too many suspended particles that block
the access of UV radiation, impeding its action (ClordiSys, 2013).

Solar water disinfection (SODIS) can be used both in bench-top facilities and in direct systems over the roof, is
simple to use and inexpensive. This method of water sterilization has spread all over the developing world and
is being used daily in more than 50 countries in Asia, Latin America, and Africa, where more than 5 million
people get disinfected drinking water with SODIS technique (McGuigan et al., 2012).

2.2 UV-based Fluid Disinfection Products

There are several companies around the world that provide fluid disinfection services using UV technology.
Those companies are mainly focused on worldwide service in industry and municipal environment. They
provide services on an extremely big scale intended for different applications, mainly divided in two major
areas: (i) industry: medical, pharmaceutical, industrial wastewater, aquaculture; and (ii) municipal: drinking
water, beverage industry, swimming pool water treatment.

Examples of worldwide companies which provide UV technology are Atlantic Ultraviolet Corporation
(Ultraviolet.com, 2016), Aquionics (Aquionics, 2016), Enaqua (Enaqua, 2016), Hanovia (Hanovia, 2016), and
WEDECO (Wedeco, 2016). Each of these companies patented their own UV technology and method of
application. Most of them use not only fluid disinfection by UV technology but also other methods like ozone
systems or reverse osmosis. They provide different products for numerous different applications. Those
companies, which are typically focused on mass production and distribution, have large budgets and broad
teams of specialists and workers.

The problem of water disinfection for travellers has been addressed by a commercial device using UV-C
radiation, the SteriPEN (SteriPEN.com, 2016), which was tested under different operating conditions. The device
is able to sterilize water provided that the adequate bottle is used and that the device is conveniently applied
(Timmermann et al., 2015).

3 System Architecture
Before defining the system architecture, EPS students have to study and define the environment in which their
product will fit and the required restrictions that apply.

With this purpose, the team elaborated their marketing plan and analysed the sustainability issues of their
solution. These topics are described in the next two subsections, after which, in the following subsection, is
described the architecture the team proposed for the product.

3.1 Marketing Plan

After analysing the market for identical products and doing a Strengths, Weaknesses, Opportunities and
Threats (SWOT) analysis, the team performed a costumer segmentation, analysed the most relevant client's
needs and defined the market positioning, objective and planning for the product to develop. In the sequel,
they elaborated the marketing programme and the marketing mix.

According to this detailed marketing plan, they proposed the development of a product focused only on one
specific area: fluid disinfection using a germicidal UV lamp. According to the students, their idea is not to create
their own UV technology, but build a system with equipment available on the market and sell the service. This
way, the parts can be defined and ordered for each client, allowing clients the possibility to choose the best
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materials and technology depending on their budget and needs. They also propose targeting individual clients,
such as chemical laboratories or small companies, keeping in mind that the clients can always count on their
technical support to maintain the system. In comparison to larger companies, the price of such a company
service would be lower.

3.2 Sustainability Issues

The students analysed, in the next stage, the eco-efficiency measures regarding the sustainability of the
proposed product. The advantages of UV radiation for water disinfection were proven when compared with
the use of chemicals and heat (energy consumption). The option for a modular system also presents
advantages since it is only needed to replace the broken part in case of the malfunction or breakdown of a
component.

3.3 Proposed Architecture

As verified during the state of the art research, there are several systems on the market for purifying
contaminated water. Most of them are designed for industrial use, i.e., have large dimensions, process large
fluid volumes and are expensive. There are also systems for cleaning the water in pools and ponds as well as
systems for aquariums.

Based on these ideas, the team proposed to build a system differing from the existing commercial solutions in
the sense that it should be compact, simple, small and modular. The idea to build a modular system implies
that every part of the system can be changed easily and extra devices or equipment can be easily added, if
needed (e.g., a chemical cleaning/filtering). The fact that the system is based on UV radiation is because this
technology is sufficient, fast, environmentally safe and effective. Due to the small water volumes involved, the
system should be small and compact to fit in laboratories. Besides that, it should be built according to the
needs of the client. Furthermore, the system must be automated, meaning that the whole system should be
controlled by a PLC. It should include an ON/OFF button, a START button and water level sensors, which will
allow shutting down the system if the water level rises/drops above/below pre-defined levels.

Given these specifications, the team designed the UV-based water disinfection solution depicted in Figure 1
(left). The water is pumped from the container with contaminated water, pre-filtered, exposed to the UV
radiation and is collected in the clean water recipient. As required, the entire system is controlled by a PLC.
:—M ¥ [ Cireuit breaker}
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Figure 1. Project sketch of the water disinfection system based on UV radiation (left) and schematic of the water
disinfection system electrical circuit (right).

This proposed architecture differs from the existing solutions in the sense that it is compact, simple, small and
modular. Besides that, it is built according to the needs of the client. In this case the system is also automated,
which means that the whole system is controlled by a PLC. To operate it, the system has an ON/OFF and a
START button. The PLC will, based on the water level sensors, shut off the system if the water level rises above
or drops below the pre-defined levels.
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4 Implementation and Testing

4.1 System Main Components

For implementing the system depicted in Figure 1, the team performed the selection of materials and solutions
while looking for a balance between quality, economy and ecology. The main principle adopted was to reuse
resources which were already available at the client. In cases where it was possible, the team chose recyclable
and environmentally friendly materials such as wood and metals. Whenever the technical requirements
required purchasing plastic materials, long lifetime plastics were chosen.

The UV water sterilizer is the most important component of the system. It was chosen taking into consideration
the specified water flow rate. Since the capacity of the pump is 1.2 I/min, the capacity of the water sterilizer
should be higher to ensure proper sterilization. As a result, the team chose the 2G UV Water Sterilizer (220 V)
Model A-140-6. There are cheaper UV systems with identical capacity on the market, but this sterilizer is more
reliable and sustainable due to its stainless steel housing.

The team included an electrical valve (Solenoid Valve YCWS1) to control the water flow and a filter, placed
before the UV lamp, to remove particles bigger than 5 um from the water and improve the efficiency of the UV
sterilizer.

To provide the adequate water flow through the UV sterilizer, the team selected a mini diaphragm pump. The
pump's task is to extract the water from the first container (contaminated water), through the mechanical filter
and the UV sterilizer, into the second container. Mini diaphragm pumps operate using two opposing floating
discs with seats that respond to the diaphragm motion. This process results in a quiet and reliable pumping
action and presents high efficiency, which results in longer life for the motor pump unit. Since, in these pumps,
no metal parts come in contact with the materials being pumped, they have a good chemical resistance.
Furthermore, the pump body contains no machinery parts, so it can be in dry running condition for a short
while. The team chose the 6088 Aqua-Win pump Model C-152-6 because its low throughput matches the
nominal capacity of the filter and of the UV sterilizer. A higher throughput implies higher capacity and
robustness from the parts and, therefore, a higher price.

To control the system, and according to the client specifications, the proposed solution uses a Programmable
Logic Controller. A PLC is an industrial digital computer typically used to control electromechanical devices
such as industrial machinery, pumps, lighting, etc. The PLC, which is connected to the system sensors and
switches, processes in real time the inputs and controls the outputs based on the defined logic (the user
program). In this system, the PLC (SIMATIC S7-200, CPU 212) is used to read the ON/OFF and START buttons
(inputs) together with two water level sensors (inputs) and to control 3 relays (outputs) connected to the main
modules (pump, UV lamp and electrical valve). The user activates the system by pressing the ON/OFF button
(power up), followed by the START button (startup). Once the system is activated, the electrical valve opens
and the pump and UV light are turned on. The system shuts down automatically (when the water level sensors
detect the pre-defined values) or at the user request (the user presses the ON/OFF button). After an automatic
shutdown, once the water levels in the containers have been restored to appropriate values, the user may
restart the system by pressing the START button.

As stated, the pump, UV lamp, and electrical valve are connected to the PLC through relays. A relay is an
electrically operated switch where a low-power signal is used to control a circuit or several circuits, ensuring
complete electrical isolation between control and controlled circuits. In this system, the relays are used to allow
the outputs of the PLC to drive the power components. Finally, the system includes a 24 V DC power supply
for the PLC, relays, level sensors, electrical valve and pump. Figure 1 (right) presents the schematic of the
electrical circuit for this system.

4.2 Simulation Tests

In order to check if the electrical system works, two software applications were used: Simulador_S7_200_V2 Esp
and MFC PC_Simu, version 1.0. The results of these simulations allowed concluding that the electrical
schematics, including the components and circuitry, were correct and that the PLC logic was fully functional.
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4.3 System Implementation
The final assembled prototype is presented in Figure 2 (left), including the water containers, the pump, filter,
UV lamp and the control box. Figure 2 (right) illustrates the operation of the system.

First container Second container £

(contaminated water)

(cl'cancd water)‘,r"

Figure 2. Assembled water disinfection system based on UV radiation (left) and water disinfection system tests (right).

Finally, after verifying that the system works in accordance with the pre-defined user requirements, the team
developed an operating manual for the UV Fluid Disinfection System (Bazylinska et al., 2012b). This user
manual, to be supplied to the client and to the system users, contains the system specifications, all components
used (with their detailed specifications for component maintenance or repair) and the operating instructions.
These instructions include the system operation as well the replacement of the relays and of the UV lamp.

5 Discussion and Conclusion

This paper presents the development process of the “Fluid Disinfection System Based on UV Radiation”
prototype by a multinational team of students during the EPS@ISEP Spring 2012 edition. The objective of the
prototype is to clean water, which has been used in the ISEP’'s chemical laboratory, based on UV technology.
The whole system, which is controlled by a PLC, filters, exposes to UV radiation and drives the water using a
small diaphragm pump. The mechanical and control parts of the system were successfully tested. The team
was able to develop a fully functional prototype fulfilling the specifications.

The adopted learning methodology was project based learning with a strong emphasis on multicultural and
multidisciplinary teamwork. A pro-active autonomous learning attitude was promoted among students as well
as the development of critical thinking, collaboration, communication and creativity/innovation. During the
project development, students had to define a work plan, identify and distribute the tasks, and autonomously
decide the approach, the design and the technologies to use according to a budget previously specified as
well as investigate alternative solutions for the proposed problem. The panel of supervisors with different fields
of expertise acted not as directors but as a consulting committee. For each weekly supervision meeting the
team had to specify the topics to be discussed.

The fact that the project was multidisciplinary together with the joint supervision provided students with the
opportunity to develop solid scientific and technical competences, as well as transversal skills, as stated by the
team members: "According to the team members, "during these four months of work we have learnt many
different aspects connected, not only, with mechanical, electrical and chemical knowledge but also teamwork. We
improved our cooperation and communication as a team. Moreover, we dealt with the conflicts, restrictions and
limitations we encountered on our way, namely, time, budget and knowledge limitations. To sum up, thanks to
this project we improved our teamwork skills and got new knowledge, which can be useful in our future career.
(..) We now can provide a service for different clients, taking into consideration low cost, good quality and
sustainability.” This testimony supports the idea that the challenge was, by itself, motivational and exposed the
team to new learning experiences, namely, contributed to foster the concept of sustainable development
amongst the students.
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Abstract

The purpose of undergraduate engineering education is to develop graduates who are capable of commencing
professional engineering practice. Professional education should equip graduates with the skills, knowledge and attitudes
required for their initial professional practice. It should also enable the capacity to continue the professional development
required to refresh knowledge and skills as the graduates mature and the nature of professional engineering work develops.
However, it is true that many graduates from professional engineering programs, either immediately or at some later time,
pursue a career outside of professional engineering. The reasons for this are widely speculated upon, and are no doubt
complex. In this regard, the professional engineering workforce, the undergraduate engineering education system, the
links between them, and the occupational outcomes for engineering graduates in Australia are similar to many other
developed nations. Using the latest Australian national census data we present a detailed analysis of the makeup of the
professional engineering workforce and the occupational outcomes for graduates of undergraduate engineering programs
in Australia. The data show that the Australian professional engineering workforce is comprised of people with a wide
range of educational qualifications, and, even immediately post-graduation, many Australian engineering graduates pursue
non-engineering occupations. This analysis presents important findings for those designing undergraduate engineering
curricula that seek to equip students for the best employment outcomes, given the nature of the professional engineering
work environment, and the short- and long-term occupations that engineering graduates actually pursue in Australia.

Keywords: Curriculum Design; Engineering Education Qualifications; Occupational Outcomes.

1 Introduction

A number of reviews of engineering education internationally, over an extended period of time, have concluded
that there is a need to improve the quality, quantity, capability and employability of engineering graduates,
and that design of undergraduate engineering curricula plays a central role in achieving this goal (Beanland &
Hadgraft, 2013). Many prescriptions for achieving this improvement call for industry input into the design and
review of engineering curricula to, “... enhance the industry relevance of engineering curricula.” (Australian
Workforce and Productivity Agency, 2014, p. 84) There are many means by which ‘industry’ input into
undergraduate engineering curricula might be obtained, but industry advisory boards (IABs) are generally
viewed as a key mechanism for providing this desired university-industry interface — "This relationship provides
a way to monitor the effectiveness of curriculum by providing real-world assessment of coursework as well as
scrutinizing the on-the-job performance of past graduates.” (Genheimer, 2007, p. 18, citing Summers 2002) As
a specific pedagogy, project-based learning (PBL) is often seen as an ‘authentic’ learning design in engineering
education (Dym, Agogino, Eris, Frey, & Leifer, 2005), because the project-based organisation of work is
common in engineering practice (Australian Workforce and Productivity Agency, 2014).

The regular appeals for engineering curricula to be more ‘authentic’, ‘real-world’, ‘industry-relevant’, etc. are
almost always premised on a view that most, if not all, graduates from undergraduate engineering programs
will go into professional engineering practice in ‘industry’. However, the reality is that, internationally, many
engineering graduates never work in professional engineering practice, or if they do, they do not remain in
that sector very long (Choy & Bradburn, 2008; Palmer, Tolson, Young, & Campbell, in press). Even those
engineering graduates that do work in an engineering role may find that their undergraduate education did
not actually, “... present a realistic picture of what engineering is like ‘on the job".” (Bailyn & Lynch, 1983, p.
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264) Where engineering graduates do not practice in professional engineering, it is commonly framed as a
‘problem’ or ‘wasteful’. The Australian Council of Engineering Deans refers to the ‘loss’ of engineering
graduates, being a ‘poor return’ on the investment in their education (Australian Workforce and Productivity
Agency, 2014). The Organisation for Economic Co-operation and Development refers to the natural inter-
professional mobility of engineers as a ‘concern’ not only for engineers, but also for other professions and the
wider economy (Lavoie & Finnie, 1998). The Roberts’ Review investigating the supply of people with science,
technology, engineering and maths (STEM) skills in the UK (Roberts, 2002), “... identified a number of serious
problems in the supply of people with the requisite high quality skills.” (p. iii) While part of the concern related
to the declining number of students electing to study STEM, the report also noted, “... other sectors from which
there is strong, and growing, demand for the skills and knowledge of science and engineering graduates (for
example, financial services) tend to offer more generous pay and more attractive career structures ... As a result,
they have taken increasing proportions of the best science and engineering students.” (p. 14)

Using the latest Australian comprehensive national census data we present a detailed analysis of the makeup
of the professional engineering workforce and the occupational outcomes for graduates of undergraduate
engineering programs in Australia.

2 The Professional Engineering Workforce

For an undergraduate engineering curriculum to authentically represent professional engineering practice, it
is a necessary first step to understand the characteristics of professional engineering practice. Defining who is
an ‘engineer’ has been a question debated internationally for a long time. As Parker (2004) notes, this question
caused difficulty for the Superintendent of the US census in 1850, and continues to do so for those interested
in labour market analysis today. Didier (1999) observes that a definitive meaning of the term ‘engineer’ in
France has been an issue for more than two centuries. Bailyn and Lynch (1983) identify many definitions used
in research relating to the engineering workforce, generally, ... based either on education or on current work
activities.” (p. 264) Parker (2004) asks:

By what criteria should one judge whether someone is an engineer? His self-identification as such? Her
job description and job title? Having an engineering degree? Having a degree in a related field? Indeed,
does an engineer have to have a degree? Should someone still be counted an engineer if she has become
a manager? (p. xiv)

Didier (1999) notes that, “In France, ‘engineer’ is both a job and a title.” (p. 474) The job means being part of
a profession requiring technical expertise, and the title is bestowed by earning an engineering degree. In
Australia, the Australian and New Zealand Standard Classification of Occupations, “... counts all persons within
a particular occupation as ‘engineers’ regardless of their level and nature of their qualifications.” (Australian
Workforce and Productivity Agency, 2014, p. 18)

Simply defining an engineer as a graduate from an accredited engineering program is also problematic, as
many people who graduate as a qualified engineer never practice engineering, or if they do, they leave to
pursue work in other fields, or leave the workforce altogether. In Australia, the Australian Workforce and
Productivity Agency (2014) notes, "Engineering degrees include applied problem-solving, research skills and
professional skills in addition to engineering science, which are skills that are extremely attractive to employers
outside the field of engineering.” (p. 94) In a previous investigation into where Australian undergraduate
engineering graduates were working, the authors found that, overall, only a third were working in a professional
engineering occupation, and even shortly after graduation this figure was only about a half (Palmer et al., in
press). In the US, in 2011, only 26 per cent of science and engineering college graduates were working in a
STEM occupation (Landivar, 2013). Specifically for engineering bachelor graduates in the US, in 1991 about
1.3 million of the 2.8 million (about 46 per cent) graduates were employed as engineers (Parker, 2004), and in
a longitudinal investigation, Choy and Bradburn (2008) found that, ten years post-graduation, only about half
of engineering majors were still working in a related field. It seems clear that in many countries, engineering
graduates have a wide array of attractive career options beyond engineering open to them, in part because of
their STEM skills are increasingly valued in many sectors (Lavoie & Finnie, 1998).
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The confusion regarding who is an engineer results in part from the legal status of the occupational title in
various jurisdictions. While there is legal protection for the occupational use of the title engineer in some
countries, especially in Europe (European Council of Civil Engineers, 2005), in many other countries such
protection is limited or non-existent. Spinden (2014) notes that while all states in the US require engineering
practitioners to be licenced, around 80 per cent of those working in engineering roles do not pursue licencing,
because they fall into one of the categories exempt from requiring a licence. Didier (1999) observes that in
France, “The engineering profession itself is neither controlled nor regulated by French law.” (p. 476) She also
notes that those with a formal engineering education are only a subset of those working as engineers. In
Australia, “... there is no legal ownership of the occupation title ‘engineer’. Anyone can call themselves an
engineer ...” (Australian Workforce and Productivity Agency, 2014, p. 30) In many countries this results in an
‘engineering workforce’ composed of people with a range of qualifications, including non-STEM qualifications
or none at all. In the US, in 1995, 400,000 of the 1.6 million people (approximately 25 per cent) employed in
engineering occupations did not have an engineering degree (Lucena, 2003). In 1999 this proportion was still
around 25 per cent (Parker, 2004). For all STEM workers in the US in 2011, around 30 per cent had less than a
bachelor degree (Landivar, 2013).

Many people completing undergraduate engineering studies and qualified to enter the professional
engineering workforce do not, or if they do, leave it after a short time, i.e, many ‘engineers’ work out of their
field. In many countries, qualified engineers make up only a proportion of the professional engineering
workforce. The nature of engineering work and the engineering workforce is often much more complex than
the view presented to students (both those considering engineering study, and those currently completing
undergraduate studies), and that upon which undergraduate engineering curriculum design is typically based.
To gain an "authentic’ overview of the Australian professional engineering workforce, and where graduates of
Australian undergraduate engineering programs fit in, here we analyse the latest Australian national census
data covering educational qualifications and occupational roles reported by the Australian population.

3 Methodology

To identify which occupations Australian engineering graduates are working in, the Australian Bureau of
Statistics census online TableBuilder service (Australian Bureau of Statistics, 2015) was used to cross-tabulate
those respondents in the most recent Australian national census (in 2011) that reported a bachelor-level degree
in engineering versus the occupations reported by respondents. The census data include 477 occupational
classifications. These occupational classifications clearly identify 11 groups related to professional engineering,
those not working, and those whose occupation cannot be classified. The remaining 463 non-professional-
engineering occupational classifications were clustered into broad occupational groups — IT, general
management, technical, marketing, etc. A discussion of this data set, including its limitations has been reported
previously (Palmer et al., in press). Similarly, to identify what qualifications those working in professional
engineering occupations in Australia have, the ABS TableBuilder service was used to cross-tabulate those
census respondents that reported working in a professional engineering occupation versus the highest
educational qualifications reported by respondents. The census data include 120 educational qualifications,
based on eight levels (advanced diploma, bachelor, graduate diploma, etc.) across 15 broad discipline areas
(engineering and related technologies, health, education, creative arts, etc.). The occupational classifications
used to identify the Australian professional engineering workforce were the same 11 groups noted above.
These two sets of cross-tabulated data were charted together to map out the relationship between those who
graduate from bachelor-level undergraduate engineering programs, and those who work in professional
engineering occupations, in Australia. The results obtained and their implications are discussed.

4 Results

Table 1 presents the census occupational classifications used to identify respondents currently working in a
professional engineering occupation. In the 2011 Australian census data, 200,356 respondents reported a
bachelor-level engineering qualification. The left-hand column in Figure 1 presents the numbers and
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proportions of respondents who reported a bachelor-level engineering qualification, grouped by consolidated
professional engineering occupations and the other principal broad occupational groups reported by
respondents. In the 2011 Australian census data, 140,427 respondents reported working in a professional
engineering occupation. The right-hand column in Figure 1 presents the numbers and proportions of
respondents who reported working in a professional engineering occupation, grouped by the highest
educational qualification reported by respondents. Australian census data reported publicly via the ABS
TableBuilder service are subject to small random adjustments to avoid the possibility of categories with very
small numbers of respondents possibly leading to the re-identification of individual respondents. Hence, the
two lower column segments in Figure 1 (on the left - those bachelor of engineering graduates working in a
professional engineering occupation, and on the right — those people working in a professional engineering
occupation and holding a bachelor of engineering qualification) do not quite match in absolute numbers of
respondents.

Table 1. Census occupational classifications relating to professional engineering.

Chemical and Materials Engineers Civil Engineering Professionals
Electrical Engineers Electronics Engineers
Industrial, Mechanical and Production Engineers Mining Engineers

Other Engineering Professionals Engineering Managers
Engineering Professionals (not further defined) ICT Support and Test Engineers

Telecommunications Engineering Professionals

5 Discussion

Figure 1 indicates that approximately half of all engineering bachelor graduates are not working in professional
engineering occupations. Nearly 20 per cent of the balance are not working, and overall, about one third of
all Australian engineering bachelor graduates reported working in a professional engineering occupation. A
separate analysis of this data that considered respondents aged 20-24 years old (i.e., the age range covering
most recent graduates from undergraduate programs) found that, even immediately post-graduation, less than
half of Australian engineering graduates were working in a professional engineering occupation (Palmer et al.,
in press). In addition to the occupational groups explicitly identified in the left column of Figure 1, the "All
other occupations’ group was made up of: marketing 3.1 per cent; construction 2.3 per cent; other professional
1.9 per cent; finance 1.6 per cent; science 1.1 per cent, unknown 1.0 per cent; education 0.9 per cent; and health
0.3 per cent. The related literature was examined for similar results. In a longitudinal investigation of US
bachelor graduates, Choy and Bradburn (2008) found that, ten years post-graduation, only about half of
engineering majors were still working in a related field. Using earlier Australian census data, Trevelyan and Tilli
(2010) found that across the period 2001-2006, about half of all bachelor or higher engineering graduates
aged 25-55 years were not working in engineering-related jobs. When census data for higher degree graduates
were included in the analysis here for comparison, the total number of engineering graduates increased by
about 25 per cent, but the proportions in Figure 1 did not significantly change.

Figure 1 indicates that bachelor of engineering graduates make up less than half of all Australians who reported
working in a professional engineering occupation. An additional 11.6 per cent of respondents had a
postgraduate engineering qualification (master or PhD level), so, slightly more than half of those in a
professional engineering occupations had a bachelor degree or higher in engineering. However, the curriculum
design of postgraduate engineering studies is typically very different to that of undergraduate programs — the
latter being of principal interest here. Another 16.2 per cent of respondents reported sub-professional
technical and trade engineering qualifications (certificate and advanced diploma). 6.5 percent of respondents
reported no post-secondary school qualification at all. 2.4 per cent of respondents reported a postgraduate
qualification in management. In addition to the educational qualifications explicitly identified in the right
column of Figure 1, the "All other qualifications’ group was made up of: information technology 4.4 per cent;
other management and commerce 2.6 per cent; architecture and building 2.4 per cent; other engineering and
related technologies 2.3 per cent; natural and physical sciences 1.9 per cent; unknown 1.3 per cent; and a
number of others all less than 1 per cent each, totalling to 2.6 per cent.
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Figure 1. Summary of engineering qualification and occupation data from the 2011 Australian census.

In Australia, approximately 40 per cent of professional engineering roles are filled by people without at least a
bachelor of engineering qualification. Lucena (2003) notes that perceived deficiencies in the management
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skills of some engineers may be responsible for non-engineers in engineering management roles. More
generally, Lucena (2003) observes that, in the US, competition may drive organisations to recruit on the basis
of demonstrated skills rather than formal qualifications. In jurisdictions where an engineering bachelor degree
is not a mandatory requirement for working in a professional engineering occupation then this option is open
to employers. In Australia, when demand for skilled professional engineering employees outstrips those locally
available, skilled migration (both temporary and permanent) is often used to meet this demand (Australian
Workforce and Productivity Agency, 2014). As in the US, it is also possible that demand and competition for
engineering skills drives the employment of non-engineers in professional engineering occupations.

Figure 1 indicates that, even allowing for the significant group of graduates not currently working, the number
of Australians holding a bachelor of engineering qualification exceeds the number of people reporting working
in a professional engineering occupation. Once the significant proportion of non-engineers currently filling
professional engineering roles is considered, it is clear that it is a fundamental structural feature of the
Australian employment market that many bachelor of engineering graduates will have to find employment
outside of engineering if they wish to have a job. As noted above, some investigations of the engineering
workforce describe engineering graduates working out of field as problematic (Australian Workforce and
Productivity Agency, 2014; Lavoie & Finnie, 1998; Roberts, 2002). Other investigations don't appear to even
countenance the possibility of bachelor of engineering graduates working outside of engineering. Romer
(2001) presents a detailed analysis of the US job market for engineers and scientists that includes a schematic
model of education pathways and work types (p. 236), and which provides no options for completing
undergraduates other than graduate studies or employment in private sector research and development. Such
a view is congruent with the dominant ‘pipeline’ model of engineering workforce development (Australian
Workforce and Productivity Agency, 2014; Bhattacharjee, 2009) — where students study STEM subjects in school,
study engineering at university and then work in a professional engineering occupation. However, there is a
growing view that the pipeline model doesn’t represent the reality of engineering workforce development, and
its assumptions about student intentions and where people enter and exit need to be re-thought (Lucena,
2003; Mellors-Bourne, Connor, & Jackson, 2011).

A number of investigations have found that many students are not presuming a long-term career in
engineering, and may hold only vague, or even no specific, career plans. Mellors-Bourne et al. (2011) surveyed
7000 UK STEM students and found that only 63 per cent of final-year engineering students definitely wanted
a career in engineering. A survey of Australian engineering graduates found that, “Given the opportunity, most
respondents would choose engineering studies again, however many were equivocal about staying in
engineering in the medium to long-term.” (Department of Education Employment and Workplace Relations,
2009, p. 24) Nearly half of the respondents saw themselves remaining in engineering for less than ten years.
Benderly (2015) reports that around 25 per cent of new US engineering graduates were considering careers
outside of engineering. Investigating engineering graduate unemployment in the UK, Atkinson and
Pennington (2012) noted the emerging view that not all students studying STEM intend to work in STEM, and
their advice to universities from employers included “Developing curricula to better reflect the realities of an
engineering career” (p 13).

Robst (2007) observes that, while some view graduates working in jobs for which they are ‘overeducated’ as a
labour market inefficiency, there is also a view that this is actually a feature of an efficient labour market, where
the qualification plus, “[t]he training and experience gained through that position enables the person to find a
better job.” (p. 398) Submissions to a recent engineering workforce study in Australia noted that even where
engineering graduates work out of their discipline, they, “... will continue to bring 'engineering perspectives
and approaches to their work'.”; that, “... the wide range of employment opportunities should be ‘celebrated’.”;
and that, “... wherever they work, engineers will contribute their skills to benefit Australian business and the
economy.” (Australian Workforce and Productivity Agency, 2014, p. 94) Mellors-Bourne et al. (2011) observe
that, in UK secondary education, the ‘broadening’ career benefit of studying STEM subjects is recognised in
policy, and the full range of jobs open to STEM graduates, both in the STEM and non-STEM sectors, should be
more widely acknowledged in higher education, and should be a key element of careers advice provided to

students prior to higher and further education.
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As noted above, industry advisory boards are generally viewed as an important mechanism for ensuring the
relevance of engineering program curricula. Genheimer (2007) found limited research into the operation of
engineering program IABs. Trevelyan and Tilli (2010) observe that the engineering school IABs that provide
input to course curricula (and other matters) are typically comprised of representatives from traditional
engineering industries. They note that the significant proportion of Australian engineering graduates
employed outside of engineering has implications for the representation on IABs - “Given that so many
graduates are employed outside engineering and related occupations, one can ask whether other employer
groups should be represented ...") (p. 114). If authenticity in undergraduate engineering curriculum is one of
the goals of an IAB, then the authenticity of the representation on the IAB of likely industries in which graduates
of the program will work should be considered.

Parker (2004) notes:

At the end of the 20th century, engineering practice was challenged by a proliferation of occupations
requiring technical education; by rapidly changing technological advances; and by a perennial—if not
heightened—concern with the relationship between engineering degree programs and occupational
outcomes. (p. xviii)

Historically, in many countries, a bachelor of engineering has been the foundation for a range of well-paid
careers, both within and beyond professional engineering. However, engineering education is comparatively
expensive (Beanland & Hadgraft, 2013), so a potentially inefficient way to prepare graduates for some careers
outside of engineering. As long as there are professional engineering roles to fill, there will be demand for
bachelor of engineering graduates. However, with increasing demand and competition for STEM expertise
from the non-engineering and non-STEM sectors of the economy (Bhattacharjee, 2009; Mellors-Bourne et al.,
2011), it is possible that some other existing or new technology-related undergraduate program(s) might
challenge undergraduate engineering programs in these graduate employment markets. Perhaps there will
be a shift to engineering science or engineering technology qualifications that provide graduates with the
traditionally valued general engineering skillsets more efficiently to build expertise that can service the non-
engineering market needs and prepare students for the full range of career possibilities.

6 Conclusion

In Australia, as in many other countries, the stock and flow of human resources in the professional engineering
workforce is complex. Using Australian national census data we find that the majority of people holding a
bachelor of engineering degree do not work in a professional engineering occupation, and, that more than 40
per cent of the people working in a professional engineering occupation do not hold a bachelor degree or
higher in engineering. In Australia, both the attractiveness of career options outside of professional
engineering that use and value engineering and STEM skills, and the lack of legal protection for the
occupational title of engineer are likely to contribute to these findings. While there are often calls for
undergraduate engineering curricula to more authentically reflect the real world of engineering practice, such
conceptions of authenticity generally do not reflect a reality where graduates are as likely to work outside of
professional engineering as in it. A key reference point for curriculum design is often an industry advisory
board. However, the composition of IABs typically does not reflect the likely full range of employers of bachelor
of engineering graduates.

It is apparent that existing models of engineering education actually suit many employers, both STEM and non-
STEM, and wholesale curriculum change is likely to be a disproportionate response to acknowledging the full
spectrum of engineering careers beyond the traditional confines of the profession — to employ the apocryphal
engineering maxim, “if it ain't broke, don't fix it.” Additionally, undergraduate bachelor of engineering
programs are typically accredited by the national engineering professional body, and dramatic curriculum
revisions are unlikely to be approved for re-accreditation. However, as well as traditional engineering
employers and the professional body, engineering students are also important stakeholders in curriculum
design and program employment outcomes. Students — both those considering engineering study, and those
currently enrolled in undergraduate engineering programs — would be better informed about, and equipped
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for, the world of post-graduation work if they were exposed to the likely options for their career trajectory, as
confirmed by this research. An authentic undergraduate curriculum would certainly incorporate and reflect the
complex reality of the real world of professional engineering practice, the makeup of the engineering
workforce, and the wide range of employment opportunities for engineering graduates in Australia.
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Abstract

Engineering students will approach their learning differently depending on the pedagogical models that their lecturers use.
Lecturers who rely on one-way communication in lectures and tutorials, and test for declarative knowledge in end-of-
course, closed-book exams tend to encourage students to take a surface or passive approach to learning. Those who
require their students to actively participate in lectures and tutorials and problem solving projects, and who test students’
deep understanding of the topic via exercises, quizzes and continuous and authentic assessment tasks, help instil a deep
and active approach to learning (Biggs, 1999). One emerging pedagogical model that has been shown to successfully
encourage a deep approach to learning and improved learning outcomes is the “Flipped Classroom” approach. This study
investigated whether or not the flipped classroom model can be used to improve student motivation, engagement and
learning outcomes for a group of second year engineering students in Fluid Mechanics course (n=66). A variety of
techniques were used in the study to evaluate the effectiveness of the new flipped classroom teaching model. This paper
defines what is meant by the “Flipped Classroom” approach, critiques some of its more ambitious claims, places it within
the context of Project and Problem based learning pedagogies and provides a longitudinal case study to show some of the
strengths and weaknesses of this emerging pedagogy. It does this by presenting the evaluation results from three different
student cohorts studied over the last three years. The case study can be defined as a modified action research project in
that the deliberate use of a flipped classroom approach was planned, discussed within a community of practice, trialled
with an initial group of students and then the results of the intervention critically and reflectively analysed. Using this
methodology three cycles of research were carried out.

Keywords: Ethical dilemmas in Engineering Education; Project management; Critical Incident Technique.

1 Introduction

In 2013 a modified action research project was begun in order to analyse the effectiveness of an emerging
pedagogical model, currently called 'The Flipped Classroom’. This model is one of the more recent student
centred initiatives that have gained acceptance in Engineering Education since the latter part of the 20t
Century. The action research is on-going and now into a fourth cycle. Modifications have been made with each
new intake of students and data continues to accumulate in the online learning management system that is
used as one of the supports for this educational reform. The project focuses on a major modification that had
been carried out in a second year engineering Fluid Mechanics course, in a small regional university in
Queensland, Australia. In an earlier paper (Lucke and Christie, 2015) the authors explained how learning
analytics could be best used to evaluate whether or not flipping the classroom could effectively motivate
students to take a deep approach to their learning and in doing so improve their learning outcomes. Learning
analytics is defined in general terms by George Siemens as the “use of intelligent data, learner-produced data,
and analysis models to discover information and social connections, and to predict and advise on learning”
(Siemens, 2005). In the second cycle of the project the first author used a new type of classroom response
system (CRS) called Learning Catalytics (https://learningcatalytics.com/) which produced intelligent data from
the online repository of pre-class, online exercises as well as mobile devices used in the classroom. The use of
this system helped to produce more data about the pedagogical results that can accrue from ‘Flipping the
Classroom’. The most significant innovation in this new approach to teaching and learning is to systematize a
change to the traditional lecture and tutorial/lab format that has characterized Engineering Education since it
was first introduced into military academies in the UK and US in the early 19*" Century. Good lecturers have
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always urged their students to do their pre-reading so that they could get the most out of the lectures and be
prepared to ask questions. This was also the case for tutorial or exercise work, but when students failed to do
their homework lectures tended to consist of one way communication and tutorials often became mini lectures.
The flipped classroom has many variations but in our case eLectures with accompanying exercises were put on
line and the lecture was transformed into a series of active learning exercises where interaction became
inevitable as groups competed with each other to assess the worth of the individual online answers and agree
on solutions that were then be posted on screens at the front of a room. Instead of a traditional lecture theatre
with a lectern and a semi circle of tiered, individual seats, the lecturer used a customized room that contained
tables equipped with plugs for computers and wireless internet access that allowed students to send
information from their laptops and mobile devices to large screens via the Learning Catalytics system.

In another paper from the 2015 PAEE conference Tavares and de Campos analyse an attempt to introduce a
flipped classroom approach for by a Brazilian university engineering program. They admit that the experiment
was not successful in its aim to provide evidence that this approach leads to better assessment results it did
demonstrate a shift in attitudes and opinions regarding traditional forms of engineering education and opened
the minds of both lecturers and students to an alternative and more interactive form of teaching and learning
(van Hattum-Janssen et alia, 2015). Our action research project has been confined to one course rather than a
whole curriculum and has had the advantage of an excellent online learning system and media-centre for
posting interactive exercises and online lectures as well as a sophisticated classroom response system. Bishop
and Verleger (2013) undertook a comprehensive survey of prior and ongoing research of the flipped classroom
and concluded that it was very difficult to objectively show a connection between the use of the flipped
classroom and improved learning outcomes. They recommend using controlled experimental or quasi-
experimental designs, a point that we debate in our concluding section.

2 Methodology

Our investigation is best defined as a modified form of educational action research that is grounded in the
philosophy of John Dewey (1916), that adheres to the action research principles of Kurt Lewin (1946), and
follows the main methodological recommendations of Carr and Kemmis (1983). Kemmis and McTaggart (1988)
subsequently developed a model of participatory action research but because we involve the students as
informants rather than collaborators our research does not qualify for this category of action research. The
intention of all action research is to make changes for the better. In this sense it is both partisan and
transformative (Mezirow, 1991). Our intention was to help ourselves and our students become better learners.
Since 1988 action research has become more and more relevant to educational improvement. The publication
of a number of recent books and new editions (Spaulding & Falco, 2013 and McNiff, 3rd edition 2013)
encourage teachers at all levels to instigate their own research as a way of improving the learning outcomes
of their students. Action research involves a spiral process of planning, acting (implementing change),
observing, analysing, reflecting and then evaluating. This completes one full cycle, which generally raises other
issues that will be researched and acted upon in a new cycle. Our research into the educational value of the
flipped classroom in fluid dynamics teaching began in 2013 and has undergone three cycles or iterations (2013,
2014 and 2015).

In our case the principal intervention has been to change the format from a traditional lecture plus tutorial/lab
to a flipped classroom approach which involves “an educational technique that consists of two parts: interactive
group learning activities inside the classroom, and direct computer-based individual instruction outside the
classroom” (Bishop and Verleger, 2013). A typical online question is given below in figure 1.
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elLecture - Question 3

If the freshwater dam is 12m wide, calculate the
magnitude (kN) of the resultant force (FR) acting
on the dam wall (on water side).

Dam wall
/

elLecture

Q3

L- University of the
Sunshine Coast Fluid Mechanics - electure 3b 9 v

Queensland, Australia

Figure 1 - Typical eLecture question (source: authors).
The students solved the questions and then submitted their answers on the website using their home
computer or mobile devices (for example phones, tablets and laptops). There are, on average between 50
and 65 students in the second year fluid dynamics course which is the focus of this study and which takes
place during the first semester (early March to late June). During the first cycle of this project in 2013 the
lecturer made use of the university’s learning management system (BlackBoard) which embodied
synchronous and asynchronous tools such as Mediasite and Discussion Boards to provide online individual
instruction and assessment outside of class time. In the first iteration (2013) he used a CRS called TopHat for
the interactive sessions in class time. Students worked through narrated, weekly online lecture material
(eLectures) prior to attending face-to-face class (workshop) sessions. The eLectures were recorded as
Mediasite (http://www.sonicfoundry.com/mediasite) presentations and students viewed the eLectures
through this online forum. The workshop sessions were then used to foster student engagement by working
through typical problems, providing feedback, introducing advanced concepts, and facilitating student
discussions and other collaborative learning activities (Lucke and Christie, 2015: Toto & Nguyen, 2009;
Tucker, 2012). The eLectures were available one week before the workshop sessions and they were disabled
again approximately two hours before the workshop sessions were scheduled to commence. This allowed
students time to be able to absorb and process the information needed before it was be applied (Toto &
Nguyen, 2009).

In the first iteration the student response questions were graded to encourage them to utilise and engage with
the elLectures. The assessment schedule, designed in the first iteration of the action research project (2013),
was as follows: 40% of their final mark was based on the online exercises, 20% was accorded for four reports
of lab work (4x5% each) and 40% was for two in-class exams that were worth 20% respectively. The 40% for
the online work was composed of 10% for the answers that followed questions attached to the elLecture
material, 20% for the ‘tutorial’ quizzes and 10% for questions posed in the workshops. As a result of weaknesses
in the TopHat CRS system, based on some of the data collection evidence mentioned below, the system was
changed for the 2014 iteration. The Learning Catalytics system was chosen and has been used ever since.

3 Methods

Data was collected using mixed methods. Quantitative data was collected from an analysis of the online
systems which allowed the lecturer/researcher to determine the amount of time that students spent on task,
including viewing activity for each elLecture throughout the course. Figure 2 below provides an example of the
type of informative graph that could be generated.
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The lecturer used classroom observations, student surveys, the standard end-of-year, online student evaluation
reports (SETAC) for the course and unsolicited email responses from students to gather qualitative data. He
ensure more objectivity and promote critical, analytical reflection at the end of each cycle of the action research
project the author/researcher also made use of critical friends and a community of practice or COP (Wagner,
1996 & 1998). The COP was established by the university’s Teaching and Learning Centre to assist staff
interested in engaging with flipped classroom practice. Key insights that evolved in the reflective phase of each
cycle are given in the results section below. Quantitative data from learning analytics was also analysed In an
attempt to gauge whether or not the intervention had an effect on improving students’ learning approach and
understanding of the course material. The student's grade point average (GPA) was compared at the beginning
and end of the course (see McKay et al., 2012); the amount of time a student spent studying the online material
was compared with the student’s total exam mark (/30) for that assessment item; the amount of time spent
studying the online material before the two in-class exams (/50) and the total exam mark for that part of the
assessment was also compared. The laboratory reports (/20) were not taken into account.

4 Results

The analysis of the learning catalytics as they applied to improved changes in grade point averages proved to
be inconclusive. For more detail regarding the specific detail about our attempt to find clear evidence regarding
the effect of flipping the classroom on improvements to grade point averages, it is best to refer to an earlier
paper presented at the 2014 AAEE conference in Wellington New Zealand (Lucke, 2014). It was clear during
this first cycle of action research cycle that the number of variables involved in the study would make it
impossible to establish a causal link between the use of the flipped classroom approach and improvements in
grades. Bishop and Verleger (2013) recommend a controlled experiment in order to discover such a connection
and praise the study carried out by Day and Foley in which they compared two concurrent versions of a course
and matched sections on topics, assignments, and time on task. Their study claimed that students in their
experimental cohort, who studied in a flipped classroom environment, scored significantly higher on all
homework assignments, projects, and tests. It is our considered opinion however, that, admirable though it is,
such an experiment is unscientific, since it deals with different groups of human beings, learning in different
places, at different times and with different approaches. Having come to this conclusion during the first
iteration of our action research project we decided to concentrate instead on how the effect the flipped
classroom intervention had on students motivation, approach to learning and their perception of how well they
understood and could apply the course material after their flipped classroom experience.

The qualitative data was more unequivocal. For a clear majority of the students, flipping the classroom was
seen as an overwhelming positive experience. Detailed data to support this conclusion has been presented in
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the 2014 AAEE paper mentioned above. Evaluation results demonstrated that the new flipped lecture and CRS
teaching format produced a substantial increase in the level of student engagement, motivation and
attendance compared to previous cohorts (Toto & Nguyen, 2009; Demetry, 2010; Bakrania, 2012). As was
pointed out in the 2014 paper, although the final student grades for the 2013 cohort were slightly higher than
in previous years, this result was thought to be more due to the relatively high marks allocated to the CRS
assessment questions (40% of final grade) than due to the results of implementing an effective flipped learning
model. Students often worked in groups to solve their CRS questions and this probably increased the collective
average student grades. New weightings for the course assessment items based on the online material were
introduced in 2014 to try to reduce that effect. The worth of the online and interactive in class questions was
reduced to 30% and the closed exam increased to 2x25% or 50%.

At end of the 2014 cycle it became evident that a reason why the students were doing better in their online
section of the course was the possibility that there could be some collusion between groups of students who
were perverting the formative learning intention of the individual quizzes and eLecture questions. For the 2015
cycle it was decided to monitor this during 2015 and unfortunately a form of cheating was discovered. The
automated quizzes and questions provide feedback information about a student's answer once it was
submitted by showing how the question should be answered correctly. If this information was shared with a
group the individual might fail but the whole group could quickly and correctly do the online work. The group
draw straws to decide who would take on the role of sacrificial lamb with each of the questions. This was a
disappointing discovery and in the coming iteration (2016) of this longitudinal study no answers will be made
available until the due date has been reached and the particular quiz or question closed.

5 Conclusion

The most important conclusion to draw from this study is there are positive benefits for university teaching and learning,
and, in particular, Engineering Education, if lecturers are willing to engage in analytical and critical reflection on their
teaching practice. To do so in a scholarly manner, using a simple methodology such as educational action research,
benefits both teachers and students and provides important insights into the nature and purpose of Engineering
Education itself. Ours is a profession where the quality of a graduate’s attitudes, knowledge and skills and the ability to
apply them in diverse social and cultural settings could be a matter of life or death. We have an obligation to know our
students and what they know and can do. Three years of trialling the flipped classroom approach has demonstrated
that making lectures more interactive and providing the students a chance to discuss and improve their knowledge and
understanding during class time, rather than sitting passively in a lecture, is a very positive, pedagogical improvement.
Unfortunately it has also revealed that it is very difficult to prove that one approach is more effective in raising grade
point averages than another. To compound the matter higher education, seen through the student’s eyes, is primarily
a means to gain a qualification that will enable them to become a member of a profession. Students will take different
approaches to their learning in such a situation. Because it is a graded system assessment becomes paramount. We
have seen, from our own study, that even when provided with an opportunity to take a deep approach, receive
formative feedback, learn in a way that fits an engineering ethos wherein problems are solved in conjunction with
others, there is always the temptation to take a short cut. The dilemma we are left with in Engineering Education is how
to encourage a deep approach to learning in our students but at the same time ensure that the less scrupulous do not
succumb to the temptation of subverting the sort of teaching, learning and assessment that will inculcate the attitudes,
knowledge and skills needed in an ethical, competent 215 century Engineer.
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Abstract

Thermodynamics is one of the core modules of mechanical and energy engineering degrees, dealing with very abstract
concepts. A previous study revealed that more real-life problems should be integrated into the thermodynamics module
to bridge the gap between theory and practical application. To do so, a laboratory session has been redesigned, using a
problem-based approach. So far, experiments have been done at laboratory set-ups, guided by detailed instruction. A
laboratory session has been redesigned in two different ways, both following a problem-based approach to engage
students in learning. One half of the students got a real-life problem concerning the cooling system of a meeting room in
the university. The other half of the students had to solve a problem by designing their own experiment. Two methods
were used to evaluate the impact of these changes: Firstly, observations were made during the laboratory sessions.
Secondly, questionnaires were developed to measure the impact on student’s motivation and to find out more about the
general motivation and learning personality of students. These were distributed at three different points in time and in
three different study groups. The data from the questionnaires did not show a correlation between the learning personality
of the students and their appraisal of the laboratory session. An effect on motivation could also not be shown. However,
the observations during the laboratory sessions suggest that the new approaches were successful in engaging the students
better in the laboratory tasks and there was more collaboration. With the new designs we could achieve our most important
goal: leading students towards a working methodology of engineers.

Keywords: PBL; laboratory education; student engagement.

1 Introduction

Laboratory education is an integral part of all engineering degrees. Usually, it aims to show the students how
theory is applied to the physical world, therefore hopes to assist the transfer from theoretical to real-life
problems. However, often the laboratory set-up itself is more or less removed from a real-life situation: The
equipment may be specifically designed for teaching, resulting in a less complex system. Even though this may
be helpful for demonstrating purposes, it is not a realistic simulation of a possible real-life situation. As a result,
students often fail to see the practical relevance of the given subject; this is especially true for fundamental
subjects such as mechanics or thermodynamics. In addition, with these traditional, rather rigid laboratory set-
ups students have very little freedom for “real” experimenting, i.e. trying things (and maybe even making
mistakes to learn from them). Furthermore, in order to understand the relation between theory and real-life
problem, reflection is needed. But Gunstone indicates an obstacle to this: “In particular, the tasks of assembling
apparatus and making required measurements can themselves become the prime, or even sole, focus for student
actions. In these circumstances, student reflection on the nature and implications of the observations is extremely
rare” (Gunstone, 1990, p. 74). And even though this publication is over twenty years old by now, it still holds
true, because Sunal et al. found out that laboratory materials and exercises “are still centred on traditional
methods of the past decades” (Sunal, Wright, & Sundberg, 2008, p. 18). Their advice is to restructure laboratory
education from the "cookbook” nature into more inquiry-oriented investigations (ibid.).

Previous work on improving student learning in a thermodynamics module by the authors (Gerber, Rumler, &
Staude, 2014) has shown that regular formative feedback should be planned in the course of a module.
Otherwise students tend to overestimate their level of competence and fail to work sufficiently during the
course of the semester and prior to the exam. In addition, it was found that more real-life problems should be
integrated into the module to bridge the gap between theory and practical application.
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This paper describes the changes that were made as a result to the laboratory sessions. The objective of this
work was to improve the overall student learning in laboratory education. The aim was to increase the
motivation of the students both for the laboratory itself as well as for the subject of the module. This was to
be achieved by setting more realistic and interesting tasks and using a problem-based approach. With
problem-based learning realistic tasks can be integrated in the education and the social-communicative and
the technical-methodical competence is being supported (Dreher, 2012). In addition, a more open lab helps to
teach students typical engineering skills like designing experiments and interpreting data (Shuman & Mason,
2012).

To evaluate the new approaches a longitudinal study was carried out at three different points in time during
the semester. For the study, questionnaires were used which covered different aspects of motivation. They were
distributed in one test group and two control groups.

2 Methodology

The thermodynamics module is part of the mechanical engineering, energy and environmental engineering
and industrial energy engineering degrees. In the latter two courses it is a first year module (second semester),
whilst in the mechanical engineering degree it is a second year module (fourth semester). It was decided to
introduce the modified laboratory session in the industrial energy engineering degree and to keep the
laboratory unchanged in the other two degree courses. Thus two control groups with a traditional laboratory
experience guided by detailed instructions were available for comparison.

2.1 Redesign of the laboratory sessions

First, the intended learning outcomes of the laboratory sessions had to be formulated. This was done using a
similar approach as described in the previous work (Gerber et al., 2014). Thus, the intended learning outcomes
include aspects of thermodynamic knowledge and methodology as well as self-conception and psychological
resilience. The main learning outcomes for the laboratory sessions were defined as:

e The students can apply the main thermodynamic concepts (i.e. first law of thermodynamics, behaviour
of ideal substances, etc.) to real life situations.

e The students can reduce complex real systems to idealized models by identifying the appropriate
assumptions.

e The students use experiments in order to answer (their own) research questions.

e The students critically assess measured data.

e The students work effectively in teams.

Two different approaches were taken in the redesign of the laboratory sessions. One half of the students got
a real-life problem concerning the energy supply system of the building. The other half of the students was
given a simple research-type task, which required them to solve a problem by designing their own experiment,
similar to (Shuman & Mason, 2012). In both cases the problem presented to the students was formulated in
such a way, that the specific questions to be answered by the experiment had to be formulated by the students
themselves.

Two different problems concerning the energy supply system of the building were given to the students: one
was dealing with the cooling system of a meeting room in the university and one was dealing with the
ventilation system of a laboratory. The students got a problem statement, some technical specifications about
the systems, a temperature sensor and they could access the building’s system data. They had to work in
groups of 4 — 5 students. The actual laboratory session was planned for 90 min. To solve the problem the
students researched the aspects they did not understand in the problem statement and made a technical
sketch of the thermodynamic problem. After this they obtained the relevant data from the building system and
by measurement. A supervisor was present but only gave some guidance when it was really needed.

The research tasks given to the students were the following: Is the specific heat capacity for water a good
approximation when it is used for beer? What is the efficiency of a halogen underwater lamp? For both
questions the students were given some background information as well as a list of laboratory equipment they
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could use. Before they were allowed to set up an experiment, the students were required to explain their
experiment to the supervisor. Both the necessary equipment as well as the planned methodology had to be
explained.

2.2 Evaluation
With the study the following research questions should be answered:

e s there a difference between the student groups of the three degree courses with respect to their
academic motivation and their personality?

e |s the new laboratory session perceived differently by students with different characteristics?

e Could the newly designed laboratory session increase the intrinsic motivation of the students?

There are different theories about motivation. Of particular relevance for this study is the self-determination
theory of Deci and Ryan (Ryan & Deci, 2000). They divide the academic motivation into intrinsic and extrinsic
motivation, the latter having four different degrees. According to Schiefele and Streblow (2006) intrinsic
motivation can be increased by supporting the perceived competence, the perceived choice, the relatedness
and the usefulness and importance. The new laboratory session were designed in such a way that students are
actively involved, to support the perceived competence and perceived choice. They work in teams to increase
the relatedness and by using realistic tasks it was intended to support the perceived usefulness and importance.

In order to evaluate the success of these measures, questionnaires were developed for three different points
in time. The first questionnaire was distributed in the first lecture and comprised questions about the academic
motivation to find out if it differs between the three groups. The adapted version of the self-regulation
questionnaire of Ryan and Connell developed by Miller, Hanfstingl and Andreitz (2007) was used. With this,
the level of intrinsic motivation and three of the four degrees of extrinsic motivation can be evaluated.
Furthermore, questions with regard to flow (adapted from Engeser & Rheinberg, 2008) and usefulness with
respect to the thermodynamics module were asked. Flow is described as a state, where a person feels
motivated, happy and is committed to a task without obvious external rewards. The second questionnaire was
distributed after all groups had completed the first laboratory session. For the test group, this was the modified
laboratory session. In this questionnaire the Gesis short scale for need for cognition (gesis, 2015), self-efficacy
(gesis, 2012) and a short scale for assessing the big five dimensions of personality (Rammstedt, Kemper, Céline,
Klein, & Kovaleva, 2013) have been used. Need for cognition describes the differences in engagement and joy
about cognitive tasks. Self-efficacy refers to the perceived competence of a person to successfully accomplish
an activity. Finally, questions concerning the usefulness, interest, relatedness and flow with respect to the
laboratory session were asked. These latter were posed in the third questionnaire as well, which was distributed
after all groups had completed the second laboratory session.

In total 255 questionnaires were filled out (see Table 1). As we were interested for some of the aspects in the
development over time on an individual level a code was used to guarantee anonymity. It consisted of the last
letter of the first name of the mother, the first and last letter of the birthplace and the day of birth (without
month and year).

Table 1: Overview about answered questionnaires.

Point in time | Test group | Control group 1 | Control group 2
t1 40 69 21
t2 22 20 20
13 18 40 5

From the test group, only eight persons who filled the questionnaires at the second point in time, filled it also
at the third point in time.
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3 Results

3.1 Findings of the survey

The survey showed that our students are not motivated by an external reward or the avoidance of negative
consequences, but are intrinsically motivated. Even more pronounced is the identified regulation, meaning that
the students are motivated primarily because they see the personal relevance of their studies (see Figure 1).
Figure 1 shows the big five traits of personality.

High
High € W Test group

B Test group
[0 Control group 1
[1 Control group 1 group

31 Control group 2
£3 Control group 2 group

Low

Intrinsic Identified Introjected  External regulation
motivation regulation regulation

Figure 1: Academic motivation of the three study groups. Figure 2: Five dimensions of personality of the three study groups.

To determine whether the academic motivation differs between the three study groups a Kruskal-Wallis test
for independent samples was conducted for the intrinsic motivation and three degrees of extrinsic motivation.
No statistically significant difference was found. The same is true for the big five dimensions of personality (see
Table 2).

Table 2: Results of the Kruskal-Wallis test for independent samples for the academic motivation and the Big Five dimensions
of personality.

Variable Statistical Significance
Intrinsic motivation 0.105
Identified regulation 0.637
Academic motivation
Introjected regulation 0.059
External regulation 0.257
Extraversion 0.961
Agreeableness 0.840
Big five o.I|men5|ons of Conscientiousness 0.863
personality
Neuroticism 0.935
Openness to experience 0.225

Next was analysed whether the new laboratory sessions are evaluated differently by students having high or
low need for cognition, high or low self-efficacy and having a high or low fear of failure. As there was not one
single item evaluating the laboratory session, an item analysis was done with the following five items: 1) The
laboratory was fun, 2) | would like to do more such laboratories, 3) The laboratory provided interesting results,
4) To spend my time in the laboratory was meaningful, 5) Because of the laboratory | better understand the
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theory from the lecture. It was found that the first four can be merged into one indicator, but the fifth one
loads onto another factor. This new indicator for the evaluation of the laboratory was correlated to need for
cognition, self-efficacy and fear of failure, but for none of them a statistically significant correlation was found
(values for statistical significances 0.717, 0.463, 0.885).

To analyse whether the students perceived a difference in the two laboratory sessions the following items were
analysed: 1) fun, 2) usefulness, 3) flow, 4) integration and 5) Would you like to do more laboratory session in
your studies if time is provided. In Table 3 the mean values for the five items are listed. For the test group these
were compared between the eight respondents who answered after both laboratory sessions. If all answered
questionnaires are taken into consideration the trend in the difference between the mean values is the same
compared to the eight respondents, only for the item fun it is slightly higher for the old laboratory design than
for the new one. As the sample size of eight is very low, no significance test was conducted. But, as can be seen
from the mean values, the difference in the evaluation of the new and old design is very small with the old
design scoring slightly better.

Table 3: Mean values for the items fun, usefulness, flow, integration and more laboratories for all groups (scale: 1 “low” to
5 "high").

Test group Control group 1 Control group 2

New Old 1t 2nd 1t 2nd

design design session session session session
Sample size 8 8 20 40 20 5
Fun 35 3.25 3,5 2.98 3.05 3.0
Usefulness 2.8 33 3,37 3.48 3.77 3.87
Flow 3.63 3.81 3,7 3.64 3.69 3.25
Integration 3.88 3.92 3,53 3.38 3.78 3.87
More 35 3.63 3,25 293 2.85 3.0
laboratories

3.2 Observations
For both new designs the supervisors of the laboratory sessions observed a more vivid discussion and more
collaboration between students compared to traditional laboratory sessions.

As described before, some groups worked on two different tasks concerning a problem with the energy supply
system of the building. For both tasks it was observed that students were first unsure how to deal with the new
situation. In case of the problem concerning the decentralized cooling system of a meeting room, the students
solved the problem without major problems after this first hesitation. However, in the case of the ventilation
system, the students struggled even though the underlying thermodynamic problem was the same. They were
clearly confused because of the more complex system, struggling to identify exactly which part of the system
they needed to consider. The ventilation system has two separate heat exchangers, one for heating the air in
winter and one for cooling the air in summer. Both groups struggled to work out that only ever one of those
heat exchangers is active at any one time. This shows the difficulty and importance of designing a good
problem. In this case the intended emphasis was on applying the student’'s new thermodynamic understanding.
However, since they had not yet had enough practice in dealing with complex systems, their attention was
diverted away from the thermodynamics and it is questionable whether the intended learning outcome was
achieved.

The observations during the research-type lab showed a similar behaviour regarding the group dynamics and
team work. Unlike during the more traditional labs, all students were actively taking part in the experiment.
Particularly interesting was the resistance of all groups to actually plan and design their experiment before
starting. Questions of the instructor were regularly needed to guide students to think about what they were
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trying to achieve. The skills of phrasing a research question and also of questioning the measured data have
yet to be developed. Hence, this type of lab is a very useful tool to train this and should be applied during the
course of the studies more often.

4 Discussion and Conclusions

A problem of this study is the, in part, very small sample size. Because of this it was not meaningful to conduct
a significance test for some of the analysed aspects. And even where it was done, care has to be taken when
interpreting the results.

For the academic motivation and the five traits of personality of the three study groups no significant difference
could be found. That indicates that the learning activities can be designed in the same way for the three study
groups. Although no correlation between e.g. the self-efficacy and the evaluation of the new laboratory session
could be found (which could be caused by the small sample size) the knowledge of how self-efficient the
students are, helps in designing the right learning activities for them.

The evaluation of the students between the new and old laboratory design showed no difference, which could
again be caused by the small sample size. But there is another aspect, which could cause this result. The second
and third questionnaires were not distributed right after the respective laboratory session but in the lecture
after every group had completed the laboratory session. That means that for some groups three weeks had
passed so that their responses could be influenced by other experiences they have had in between. The
observations made by the instructors during the lab further encouraged us to make the new design permanent.
The collaboration within the groups was higher than were reported by the instructors of the traditional labs,
which is an important factor for improved learning.

With respect to the evaluation methodology of this study it can be concluded that questionnaires should not
be used as the only instrument. If the sample size is small either questionnaires should be used in conjunction
with more structured observations or only observations or interviews should be used. It takes considerable
effort to construct a good questionnaire; hence care should be taken to select the right method.

In conclusion it can be said that we could not answer all our questions with the available data. But our most
important intended learning outcome was to lead students towards a working methodology of engineers. This
could be achieved by both new designs, one representing the work of an engineer in a research laboratory and
the other design representing the work of an engineer in a facility management department. This type of
inquiry-oriented investigation should be integrated more often in engineering curricula. At the Ruhr West
University of Applied Sciences this will be achieved in a number of ways. Firstly, the new laboratory sessions
will be extended to the thermodynamics module of another degree course. In addition, a student engineering
office is being developed as an elective module. The engineering office investigates the energy supply system
of the campus to identify energy saving measures and students, who work as project engineers in this office
get credits points for an elective module for it (see Rumler & Dreher, 2016).
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Abstract

Educational institutions recognised that the distance education mode is a preferred way to combine study with life, family
and work commitments for distance learners. Distance education has played an important role in the provision of
educational equity for distance learners who live in remote Australian communities. Engaging students and academic staff
will always enhance student-learning outcomes to ensure a positive experience in distance education. It can be effectively
achieved through collaborative learning. In distance education, academic staff and students face a number of challenges
such as lack of student motivation, high student attrition rates, and a sense of isolation from a university community.
Collaborative learning experience will enhance learner-staff and learner-learner interactions in distance learning, which can
be achieved through developing a learning process. The learning process for distance learners involves student-learning
strategy, Staff interactive sessions, peer-to-peer support, e-assessment, and self-realization of graduate learning outcomes.
This distance learning process is confined for Deakin University learning environment, however the expectations is that the
distance learning will be more mainstream in future of learning and teaching in Australian institutions. The focus of this
research is to analyse and share collaborative learning experience of distance learners (off-campus) students in project
management unit. It helps to analyse the barriers in distance education and finding ways to initiate collaborative programs
in future. It also helps to fulfil the distance learners’ expectations on program delivery.

Keywords: Collaborative Learning; Students learning experience; Distance Education.

1 Introduction

In Collaborative learning, students have the opportunity to interact and communicate with other peer learners
to demonstrate their understanding of solving design problems. There are different ways to assess students
learning capabilities, which are aligned to learning outcomes. Collaborative learning is an educational approach
to teaching that involves groups of learners working together to solve a problem (Laal & Laal 2012).
Collaborative learning is reforming the classroom learning. It enables the passive recipients of information (to
whom education is provided by an expert teacher) to become active learners.

Collaborative learning has been gaining the interest of teachers since the 1970's (Bruffee, 1984; Gaillet, 1994).
In early 1980's, it was the first time when the term collaborative learning appeared in the list of topics suggested
by Executive Committee of the conference on college composition and communication (ECCC) for discussion
at ECCC annual convention (Bruffee, 1984). In the following year, the collaborative learning effectiveness made
its place from ninth place (last year) to first place on the ECCC topic list (Bruffee, 1984). At the same time, some
shreds of evidences from previous literature started believing that this technique helps in engaging students
more deeply with text and also in academics engagement with professional communities(Bruffee, 1984).
However, the collaborative learning was started considering as the process constituting various disciplines of
study and a working pedagogical tool in teaching composition(Bruffee, 1984). The focus of this research is to
analyse and share collaborative learning experience of distance learners (off-campus) students in project
management. It helps to analyse the barriers in distance education and finding ways to initiate collaborative
programs in future. It also helps to fulfil the distance learners’ expectations on program delivery.
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2 Purpose of Collaborative Learning

In late 18™ and 19' centuries, teachers realised the need of a practical method for handling instructions and
evaluation of increasing number of students(Gaillet, 1994). Moreover, achieving the sense of community in
the classroom was a substantial challenge(Gaillet, 1994). In past academic teaching, a newly introduced
methods i.e. peer review and collaborative learning strategies proved to be very helpful to overcome those
above challenges(Gaillet, 1994). Mary Beckham in a research study stated that students learn better when they
work in a group(Beckman, 1990). Another research study conducted by Judith Lambiotte et al provides a
hypothetical support to the fact that collaboration or working in groups promotes learning(Lambiotte,
Dansereau et al. 1987). Besides those researchers views, Raudsepp et al mentioned that collaborative learning
provides the students an opportunity to share their individual experience and trading of ideas within the group,
which enhance the learning skills of students(Raudsepp, 1984).

In the early 20" century, the trend of delivering higher education has been changed particularly in Australia
and also around the globe. Since last decade, the development of more flexible approaches to deliver higher
education has been emphasised when considering the shifting characteristics of students which were making
students less likely to come on-campus to visit traditional lecture theatres and classrooms(Jones, 2010). The
decrease in funding in context of higher education (due to political and economic context) had also arisen the
need of more cost efficient way of delivering education(Jones, 2010).

By analysing past literature, it is clear that collaborative learning was needed in order to handle increasing
number of students in classroom; to spread sense of community in the classroom; to facilitate learning among
students; to make learning and teaching a shared experience; and to obtain a cost efficient way of delivering
education.

2.1 Importance of Collaborative Learning
The Importance of collaborative learning were depicted from the following aspects such as

e Collaborative learning provides students with the skills of working in private/public
workplace(Beckman, 1990; O'Neill & Scott et al,, 2011).

e Collaborative learning gives students an opportunity to share their individual experience and trading
of ideas within the group. As a result of which students learn more with this learning
technique(Raudsepp 1984).

e Students learn importance of team work through collaborative learning(Beckman, 1990).

e Collaborative learning develop social skills in students which are not very easy to learn from lecture-
oriented classrooms(Soller, 2001).

e Collaborative learning makes teaching and learning a shared experience(Resta and Laferriére, 2007).

¢ In collaborative learning, students take responsibility of learning(Resta and Laferriére, 2007).

e Collaborative learning enhances critical thinking and problem solving skills(Gokhale, 1995).

2.2 Challenges to Collaborative Learning

Collaborative learning is beneficial only if there are well-functioning and active members in a group. The
dysfunctional group activity can devalue the benefits of collaborative learning along with overall
learning(Soller, 2001). Therefore the mutual understanding within the group is vital aspect, which is considered
as the major challenge to collaborative learning process.

In order to achieve an effective collaborative learning, the process of teaching must include development and
enhancement of student’s ability to learn(Gokhale, 1995). In other words, role of traditional teacher must be
changed from just information transmitter to learning facilitator(Gamson, 1994). Achieving this change in role
of traditional teachers is another challenge to collaborative learning.
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3 Collaborative Learning in Distance Education

Advancement of networking technology (distance education) has benefitted universities to reach out the
students having schedule or location constraints(Soller, 2001). This technology enabled the students to take
advantage of many educational opportunities which were previously unattainable(Soller 2001). In order to
facilitate this networking technology, software was needed to support the structured on line learning activities.
In early 19™ century, computer supported collaborative learning (CSCL) system has been developed to support
distance education(Guzdial & Hmelo et al., 1997; Jermann and Dillenbourg, 1999; Singley, Fairweather et al,
1999). The CSCL system initiated the provision of shared online workspaces, online lecture notes, online
presentation and the most important tool for online communication i.e. chat tools and bulletin boards. The
online communication tools along with other online tools enabled the students to participate in online
discussion and provide directions or guidance to their peers(Bruckman and De Bonte, 1997; O'Day, Bobrow et
al., 1998). The overall higher education system have promoted and enabled collaborative learning in distance
education.

Garrison et al found that computer-mediated communication (CMC) system had the potential to change the
nature of distance education by blending the features of collaborative learning with online/distance
learning(Garrison, 1993). Kaye et al believed that computer mediated communication to bring a new paradigm
in distance education(Harasim, 1990). In year 1999, Elizabeth Stacey conducted a study aimed to observe the
effects of computer-mediated communication on online collaborative learning. Stacey observed that CMC
maintained environment for social construction of knowledge by empowering collaborative learning
process(Stacey, 2007).

In addition to the above systems, in 2007 wiki (another computational system) was launched to facilitate
collaborative learning in distance education. This system enabled all the off-campus students to interact with
each other via taking part in online discussions and sharing their experiences with each other(Lamb and
Johnson, 2007; Jones, 2010; Chawner and Lewis, 2013). The wiki process was meant to facilitate online
collaborative learning. Peter in his research study found that wiki offered a mechanism for promoting
collaboration among online students and benefited the off-campus students by enabling them working
collaboratively(Jones, 2010).

Deng et al and Elgort have found that web 2.0 application, blogs, podcasts along with social networking or
internet based activities which promotes online collaborative learning has brought a dramatic revolution in the
higher education system(Deng and Yuen, 2007; Elgort, 2007).

The above literatures reveals that just after implementation of collaborative learning over the traditional
lecturing system, the efficiency (in terms of effective learning) of collaborative learning encouraged the
education providers to introduce collaborative learning in distance/online education as well. For the same
reason various computational systems were developed. Thus each computational system (e.g. CMC, CSCL, wiki
etc.) was proved to be very efficient in spreading collaborative learning trend in online learning system. From
the overall discussion, collaborative learning technique was proved to be the most efficient technique of
delivering education in distance education system.

4 Design Methodology

The online survey questions covered were designed to determine the students’ level of experience on
collaborative learning from undergraduate engineering. The views of students’ on collaborative learning in a
particular third year engineering unit called ‘Project Management'. From the quantitative and qualitative
analysis performed, the results are analysed and presented from a students’ perspectives. The survey is paper
based which was conducted by a third person not involved in the teaching. The survey was given to 35 students
in the third year of engineering class, which was anonymous and non-identifiable. These results are from
students’ own experiences and the results present various views, which include students’ knowledge and
expectations in collaborative learning. The survey questions used in this research were given in Appendix A.
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The third year unit 'Project Management’ was a core subject where students need to undertake after passing
the professional practice subject as a prerequisite. The scope of this unit focuses on engineering project
management, which teaches knowledge skills and competencies relevant and commonly required to
proficiently manage projects that typically involve or are encountered in professional engineering practice. It
also concentrates on three main concepts such as preparation and planning required for a project; the activities
associated with managing the project including resource management and human management; and the
evaluation of project status and completion of a project.

5 Student perceptions

In order to have a better understanding of the outlook of collaborative learning technique at undergraduate
level, it was essential to conduct a research on impact and comfortability of the students in using the existing
system of collaborative learning techniques. A total number of 35 students where requested to answer a
questionnaire with 9 distinct questions which were put forth to collect the data at the end of the semester. Out
of which, 18 completed the initial survey and this explorative research aimed at discovering the perception of
students about the comfort level, the impact of using cloud based technologies/activities, and personal
preferences of working in a team and about factors affecting the engagement of off-campus learning.

Interacting with other students (online) - 7

g

2

2 Discussion forums | [N 11

£

& Blackboard collaborate (E-live sessions) 27

i<}

é Online learning resources — 22

« Recorded class lectures ¥33

0 5 10 15 20 25 30 35
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Figure 1. Perception of students on the impact of the learning resources.

When students where asked about the resources that had major impact on their learning outcomes during
their learning process. From the responses obtained it is clear that 33% of the students mentioned using
recorded class lectures and 27% of the students mentioned on blackboard collaborate (E-live sessions), about
by 22% of the students mentioned on online learning resources. Whereas 18% of the students are in a mixed
mode of using discussion forums and interacting with other students online (11% and 7% each), as shown in
Figure 1. It is worth to notice that most of the students preferred recorded lectures and collaborating black
board sessions.

The students are also asked about their perceptions on collaborative learning. Table 1 shows the responses
that indicate that majority of students described that collaborative learning is an interactive approach to
teamwork (67%) and the active involvement in explorative learning (33%). Table 1 also clearly depicts that the
aspects of learning in team and peer-to-peer learning where not preferred by the students. The past literatures
prove that the positive impact of this collaborative work enhances the fact of learning in groups [1] and to
perceive the usefulness of the explorative learning with peer support [2].

Table 1. Student's Perceptions on collaborative learning.

Perceptions Percentage
Interactive approach to teamwork 67
Learning in teams 0
Active, involved, exploratory learning 33
Peer to peer learning 0
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When students are asked about the comfortability of collaborative learning. It is clearly shown in Table 2 that
around 67% of the students revealed that collaborative learning does help in distance learning and 33% of
students revealed that it is necessary for distance learning. From this cohort of students’ perceptions from third
year undergraduate engineering, it is evidently shows that students interest in learning teamwork skills and are
becoming ready for future career.

Table 2. Comfortability of collaborative learning in distance education.

Students Perceptions Percentage
Is necessary 33
Does helps 67
Possible helps 0
Is not necessary 0

Figure 2 shows Student's perceptions on their experience with the cloud based technologies/activities in
Distance education. It is clearly shows that the use of and usefulness of blackboard collaborator for inter and
intra team communication in cloud based technologies/activities in distance education has an equal value in
being efficient, very efficient and somewhat efficient with an aggregate of 33%. On the other hand, sufficient
interactivity with staff/students, Ease of use and quality of access has their distribution in being effective (67%)
and very effective (33%). It is evident from the observations that the students’ perception on the various scales
of measuring collaborative learning technique proves to be efficient.

70 67 67 67
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Figure 2. Student’s perceptions on their experience with the cloud based technologies/activities in Distance education.
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Figure 3. Perception of student’s on how collaborative learning affects their ability to achieve your graduate learning
outcomes (GLO).

Figure 3 clearly depicts that it is really important to understand the affect of collaborative learning with the
ability of the student to achieve their graduate learning outcomes. Based on the perceptions of students on
how collaborative learning affects ability to achieve GLO, it is clearly shows that the positive impact on the
interactions with information and communication technologies and the easiness of working more effectively
on project/assignment tasks is very much useful (11%) and 33% of students say that it is somewhat useful.
Followed by the encouragement to spend more study time off campus having an equally distributed opinion
of 33% deciding that it is very much useful, 11% of students say for somewhat useful. The approach of individual
learning which enhanced the freedom of learning at students pace, around 22% of students revealed that it is
very much useful and 44% of students reveals that it impact is less (11%-little and 33%-somewhat). Also, very
few students judges that the impact of interacting with other students helped in achieving the learning
outcomes. Around 22% of students mentioned that interacting with other students is not really positive. One
of the Deakin graduate learning outcomes (GLO7) is teamwork skill, the collaborative learning in teamwork will
enhances problem solving, analytical thinking, communication, working through difference of opinions,
negotiating issues and perspectives in a team.
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Figure 4. Students Perceptions on the factors affecting their engagement in off-campus learning.
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Figure 4 shows that Time management was a dominating factor affecting the engagements of the distance
learners. Most of the students (22%-44%) agree that the influence of other factors such as Family, social and
professional commitments, learning teaching resources, timely feedback and response to queries are affecting
the engagement of off-campus learners. Some of the student (11%) are aware of managing work, family and
study in a balanced way. When students are questioned about their preference in assessments, about 67% of
the students preferred to have 80% individual and 20% group assessments (table 3). Table 4 shows that 100%
of students preferred to be in a group of 3 persons when the students are asked about the grouping.

Table 3. Students Perceptions on assessments in collaborative learning.

Students Perceptions Percentage
0% group (peer assessment) / 100% individual 0
20% group (peer assessment) / 80% individual 67
50% group (peer assessment) / 50% individual 33
80% group (peer assessment) / 20% individual 0
100% group (peer assessment) / 0% individual 0

Table 4. Students Perceptions on grouping.

Students Perceptions Percentage
1 (individual only) 0
3 students in a group 100
5 students in a group 0
Group randomly 0
Group by student own preference 0
H
'g_ 50% of off campus / on campus students l 0
£
& 1-2 on campus students in a off campus group 33
2
§ 1-2 off campus students in a on campus group _ 67
@

On campus / off campus only (only one I )
category)

0 10 20 30 40 50 60 70

Percentage

Figure 5. Students Perceptions on grouping.

Given the fact that the collaborative learning technique involves a lot of group assessments, it is important to
know the experience of students with respect to on/off campus students in a team. It is clearly shown in figure
5 that the preferences of the students are towards having a mixed team with both on and off campus students
as in Figure 5. 33% of students prefers 1-2 on campus in an off campus group where as 67% of students prefers
1-2 off campus students in an on campus group. Overall students’ perceptions reveals that both on-campus
and off-campus students experienced and revealed that collaborative learning is essential for life-long learning
and problem solving which develops shared understanding between the team.

6 Discussion

From the overall analysed survey results, students reveals the use of online recorded lectures followed by the
blackboard sessions (online collaborative session) are more supportive in learning resources. The blackboard
session is an online classroom environment, which enables students and teachers to communicate
synchronously with audio, video, text messaging, and a white board with file/screen sharing. Majority of
students describes collaborative learning is an interactive approach to teamwork and the active involvement
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in explorative learning. Around 100% of the students revealed that collaborative learning does help and is
necessary for distance learning. It is also evident that Student’s have very efficient experience with the cloud-
based technologies/activities used in distance education. Figure 3 shows the positive impact on the interactions
with information and communication technologies and the easiness of working more effectively on
project/assignment tasks. It clearly depicts the experiences of student’s on collaborative learning which helps
to enhance their ability to achieve graduate learning outcomes such as teamwork, communication, critical
thinking, problem solving. Most of the students revealed that the time management is a biggest affecting
factor with family, social and professional commitments during their studies. The students wants to be assessed
more on their individual effort and less on their team work which resembles the students comfort of
undertaking the responsibility of submitting work for assessments. The collaborative learning is a positive
approach for all students in a classroom where on/off campus work together with other team members and

enhance their learning capabilities.
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Figure 6. Cloud Deakin Learning Environment.

Figure 6 shows an example of cloud learning environment (Cloud Deakin). The learning and teaching activities,
learning resources, assessment design and measures must support the on/off campus learners in order to
achieve learning outcomes. Engineers Australia policy on Accreditation of engineering programs offered in
distance mode guidelines states, " Electronic and face-to-face opportunities must be provided for distance
mode learners to interact, particularly to ensure that group and team based learning experiences are equitable
for both on-campus and off-campus students”. Deakin University has provided Cloud Deakin (Cloud learning
environment) to incorporate a range of spaces and tools to enable interactive and engaging learning for on/off
campus learners. Cloud learning environment allows students to access unit content and course information
including assessment items, support materials, engage with lecturers and other students using Bb collaborate
(virtual classrooms), listen to recorded lectures, join live streaming events and create student personal portfolio
for highlighting their learning achievements.

7 Conclusion

This research study is focused on analysing students’ perceptions on collaborative learning. From the analysed
survey results, it is clearly highlighting that students learn differently in teams, the students also learn from the
experiences of their peers. Collaborative learning gives an opportunity for assessing the team member's
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strengths and weaknesses where students have peer-peer learning pressure makes the learning process active.
This collaborative learning requires students to act in new ways, which is an excellent opportunity to work and
share their knowledge with peers. This research study is an evidence for the academics to understand how
collaborative learning works for students in different learning environments. Through collaborative learning,
distance learners able to receive the same level of learning and teaching support, course resources, peer-peer
interaction and staff interaction, assessment feedback by using Cloud Deakin as an feasible online learning
environment.
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9 Appendix A: Questionnaires

1. Based on your own experiences, which of these learning resources is most impactful?

2. What is collaborative learning?

3. How comfortable do you feel collaborative learning in distance education?

4. What is your experience with these following cloud based technologies/activities in Distance education?

5. In terms of your own experiences, how do collaborative learning affect your ability to achieve your graduate learning
outcomes?

Which of these factors affecting your engagement in off-campus learning?

For collaborative learning which one of these options do you prefer for assessment?

Which one of these listed options do you prefer for grouping and How? Please click one option in each column
Which composition of group do you prefer with respect to off campus and on campus students?

© ® N
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Abstract

The SCS (Social and Communication Skills) module is an experiential, student-centred lecture series that seeks to stimulate the
receptiveness of Mechanical Engineering students to their own personal development. The choice of stimuli used in the SCS lectures and
the way students respond to these, are critical to the success of the module. The objective of the SCS module is: to contribute to the
development cycle of the personal attributes of Mechanical Engineering students and their receptiveness to their individual strengths and
weaknesses, as well as those of others. The SCS module is primarily focused on intrapersonal development. At the same time, the
development of interpersonal skills is of importance. Reflection, through writing a reflective piece in a workbook after every SCS lecture,
serves as a link between lectures. Students complete a written evaluation after every period. The attitude and communication skills of the
SCS lecturer have a strong influence on the pace of lectures. (The SCS module forms the first part, the foundation, of a more extensive
research in the practice of Higher Technical Education in Holland).

Keywords: Intrapersonal development; interpersonal skills; receptiveness; reflection; experiential education.

1 Introduction

The experiential SCS module is part of the first year foundation programme for the Mechanical Engineering
field of study (1998 tot 2006). The introduction of the concept of teamwork to Engineering studies requires the
commitment of Mechanical Engineering students in terms of developing teamworking skills. Conscious
reflection on personal attributes is important in order to gain an insight into oneself, as well as the attributes
of team members. The focus in the module is on personal development, teamwork and partnership and.

During SCS lectures, Mechanical Engineering students are continually exposed to new experiences related to
their personal attributes and they reflect on these experiences through writing a reflective piece in order to
expand their ability for self-reflection and to gain new insights into themselves. (Kolb, 2005). Over the years,
the SCS module has undergone numerous name changes. For example, in the quotes from students (see quotes
under SCS glossary), there are references to the abbreviation PCS (Professional Communication Skills). The
objective and format of the SCS module are identical.

The SCS module was also part of the first year foundation programme for Orthopaedic Engineering. The
module is still part of the first year foundation programme for the Automotive field of study. All fields of study
are offered by in Eindhoven.

2 Objective

The objective of the experiential SCS module is as follows: “to contribute to the development/development
cycle of the personal attributes of Mechanical Engineering students and their receptiveness to their personal
strengths and weaknesses, as well as those of others”.

The SCS module provides an opportunity to learn with others, from an educational concept that focuses on
personal development (Kolb, 2005), as well as the opportunity to attribute meaning to it (Weick, 1979). In this
educational context interaction with continually changing participants means that different situations are
created continually, “thus, something can be created which has never existed before”. (Senge et al., 2004,
Korthagen, 2009). This offers Mechanical Engineering students the opportunity during the lectures, to make
independent choices when carrying out tasks focused on the development of their personal attributes. They
are encouraged to be receptive and to become motivated in relation to their personal development. By
completing their tasks during SCS lectures, students gain an insight into the quality of their social and
communication skills, as well as those of their fellow students.
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- The SCS module is primarily focused on intrapersonal development and the quest for internal reflection (Kolb,
2005). The module is focused on the affective development of Mechanical Engineering students.

- Interpersonal skills are also of importance: sharing collective experiences to reflect on personal behaviour
and attitude and to learn from the behaviour and attitudes of fellow students.

- The shared SCS learning experiences are relevant to all team members, working on a project in the context
of team building, during project work and getting to know fellow students better on a personal level. (See
quotes under SCS glossary). In this respect, engagement in SCS lectures is essential.

Each student participates in the SCS module from the perspective of his/her own personal background and is
given the opportunity to follow his/her individual development path within a safe environment.

3 Methodology

“The stimulation of new educational concepts better suited to our multi-disciplinary society demands a
dynamic setting that is difficult to pre-define in literature. Which educational methodology is most appropriate
for stimulating the desired learning process? How do people learn self-management? How do you facilitate
reflection? Which learning processes ensure that people become more motivated? These learning processes
involve behavioural change, personal development and emotions. Changing concepts and visions require more
than just the ability to reproduce existing knowledge. These types of change processes are far more complex
than traditional knowledge transfer” (Shulman, 2000; Kock, 2004).

Receptiveness to personal development is not straightforward in the context of Engineering studies. Therefore,
an entirely different approach was chosen for the SCS module.

- The approach is demonstrated through use of experiential stimuli, amongst others: Mechanical Engineering
students identify which emotions, related to a personal quality, they experience during SCS tasks. The students
cannot apply these stimuli directly to their Mechanical studies. It offers the opportunity to step back from the
usual elements of their studies.

- The SCS module offers the opportunity to engage in a cyclical learning process: after every lecture, students
reflect on their learning experience and write a reflective piece on the lecture. At the end of the course, students
reflect on the entire SCS course and summarise their thoughts, ideas and opinions of the SCS lectures. They
note what they found to be the positive and negative points. Recurring themes of reflection in the Mechanical
Engineering students’ reflective passages form a continual thread that links the SCS lectures to one another.
Justification remains an important element.

- The format and content of SCS lectures are not entirely set in stone, however there is a framework for each
lecture. It is essential that the SCS lecturer is able to respond flexibly to situations that arise.

- The SCS module also offers a cyclical learning opportunity for the SCS lecturer. A positive attitude of the SCS
lecturer to the Mechanical Engineering students’ reflections and evaluations is of importance. It brings the
opportunity of modifying the SCS module in subsequent lectures.

- During the learning process, the lecturer develops sensitivity to the perspectives of the Mechanical
Engineering students. This sensitivity can be utilised to facilitate receptiveness amongst Mechanical
Engineering students in terms of the quest for internal reflection.

3.1 Receptiveness

The SCS lecture series progresses well if Mechanical Engineering students are receptive to the methodology of
the SCS module. This means: students have a flexible attitude and actively engage in SCS lectures. They
subsequently carry out a reflection exercise according to their own insights, which they write in a reflective
piece in their workbooks. Some students find it very difficult to get used to this style of teaching and reflection:
they will require additional time and space. In addition to receptiveness to their own insights, they develop
receptiveness to their fellow students. The shared learning experience provided by SCS lectures and the insights
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that are developed as a result, may provide a positive contribution to an enjoyable teamwork experience during
the projects.

3.2  Stimuli

The reflection exercises and evaluations will indicate whether stimuli are resonating during SCS lectures and
which stimuli are working well, or not. In that respect, for the SCS lecturer the first years of the SCS module are
a quest for the right way, afterwards it becomes easier to make changes. Over time, a number of lecture ideas
and tasks are developed that can be incorporated into SCS lectures in a flexible way. The continual quest for
relevant and meaningful SCS stimuli requires reflective skills on the part of the SCS lecturer: self-reflection,
reflection on the stimuli provided and on progress of the SCS lectures.

The students’ evaluations and reflections as captured in their reflective pieces, provide an insight into how the
students are finding the SCS lectures and interpreting them. This provides a contribution to the lecturer’s
learning process and pointers for changes to the SCS module.

Over the years, virtually all tasks have been amended numerous times, as well as the content and format of the
SCS lectures, in order to better align with the lecture theme. The stimuli are considered meaningful if they are
clearly understood by the students and they complement the objective and narrative of the relevant SCS
lecture. The students’ reflections and evaluations provide continual feedback for improvement.

3.3 SCS themes

SCS themes include, amongst others: self-esteem, ambition, resistance to stress, capacity for motivation and
encouragement, integrity, responsibility, creativity. Each theme represents a personal attribute. (Gramsbergen
et al.,, 1999).

Each SCS lecture focuses on a different theme. The idea is that students are exposed to an unexpected
experience related to the relevant SCS theme of that lecture, so that the experience is better retained. It is
useful for students to be aware of the way in which their personal attributes come across to other students
during the SCS lecture, as well as demonstrating a willingness to discuss and reflect on these. What are each
student’s thoughts, ideas, emotions about their behaviour during the SCS lecture and how do they respond to
feedback from and on fellow students?

It is not the intention to teach students a number of tricks, but to encourage them to reflect, to make them
aware of their social and communication skills in relation to their personal attributes. Developing self-
awareness, reflecting on their individual roles, and acquiring experience and knowledge about the personal
attributes of fellow students within the context of SCS. Self-awareness and an insight into personal attributes
are not achieved without effort. “The trick is to gain an awareness of your own abilities and personal attributes
and to implement these”. (De Valk, M. 2006). The SCS module offers students an opportunity to achieve this.

3.4 Reflection workbook

At the start of the academic year, students receive a reflection workbook. The reflection workbook serves as a
personal log and provides exercise material for the duration of the SCS course. It is a document that provides
both the student and the SCS lecturer with an insight into the SCS experience. The reflection workbook is a
personal document in progress. Students generally hand write their reflective pieces. Sometimes students will
complete a task on the computer and paste their work into the reflection workbook. All workbooks are
different: well cared for, untidy, scant in content, such comprehensive entries that a second workbook is
required, with or without images and drawings.

After the SCS lecture, students write out their reflections and submit the workbook. If the SCS lecturer evaluates
the papers in a timely fashion and returns them to students at the start of the next SCS lecture, the reflection
workbooks become meaningful and students will treat them with care. In completing the reflection exercise
after the initial lectures, students sometimes have the tendency to describe the lecture content; they require
time and space to achieve the ability to reflect. The SCS lecturer’'s invitation to reflect once again on the
previous SCS lecture and to provide justification for statements, may offer a learning experience. By going
through the reflective pieces before each lecture, the SCS lecturer can provide timely guidance if students keep
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describing the content of the lecture. If reflection is left to a later stage, the memory of their perceptions of the
lecture would have faded and any reflection will be less current.

There will be variance amongst students with regard to orientation of development of their personal attributes.
Some students have never actively worked on their development, others are more advanced in that respect.
However, each lecture is a new experience, students share that experience with one another and can learn from
one another. The students’ approach to tasks and their reflections on tasks varies for each SCS group. By writing
reflections in a reflection workbook, students are able to review their reflective pieces. This can contribute new
insights that can be utilised when students complete their written evaluation at the end of a SCS period. Writing
about one's reflections on the SCS lecture stimulates articulation of personal thoughts, feelings and ideas.
Continually being exposed to new lecture experiences and (consciously) writing about reflections, supports the
continuous SCS thread and contributes to internalisation of SCS themes.

3.5 Evaluation of reflective pieces

Feedback after evaluation of the reflective pieces is based on the subjective viewpoint of the SCS lecturer, using
a system of lines. For example, one line: this is clear. Two lines: this is very clear. Students are familiar with this
system. It is not about attributing a mark or a score, but whether students have written down their reflections
on the SCS lecture and undertaken action during the SCS lecture. Only when elements of a reflective piece
raise questions or contain contradictions, the lecturer adds a comment in the student’s workbook.

At the start of the lecture, students look at the number of lines beside their completed tasks in the reflection
workbook. At that point, there is an opportunity to answer any questions from students regarding any
comments. The most important aspect is that students reflect on their ideas, thoughts and emotions and record
those reflections in their workbooks. Students appreciate timely evaluation of their reflective pieces, which is
communicated via the line system: it demonstrates the lecturer's engagement.

3.6 Evaluation

After every lecture, students complete a short written evaluation of the last lecture, with supporting statements.
They indicate the strong and weak points of the SCS lecture and note any points for improvement. The
instruction for them to justify their views and statements is essential. This way, students are encouraged to
identify the thoughts that underpin their views and to reflect consciously on reasons for making specific
statements. (See quotes under SCS glossary). The reflection exercise does not specify which topics should be
discussed. Students note down their own views, thoughts and feelings spontaneously in their reflective pieces.

3.7 Completion of the SCS module

The SCS methodology describes completion of the SCS module as follows: if students have attended lectures,
engaged in SCS lectures, written a reflective piece in their reflection workbooks after every SCS lecture, and
completed a written evaluation of the SCS module, they are awarded a credit for the module.

3.8 SCS lecturer

The SCS lecturer's attitude and communication skills form part of the methodology of this study. What
approach can lecturers use to encourage receptiveness to personal development amongst students? It is
essential for the SCS lecturer to have personal experience of, and to develop SCS skills. The lecturer must seek
to gain an insight into personal development in order to be able to offer support to students in developing
their personal attributes. This process of identifying, of gaining experience and making choices in terms of
implementing changes, takes a few years. The learning process facilitated by repeatedly gaining SCS experience
with different students and of utilising the feedback in their reflective pieces and evaluations has resulted in
the SCS module being modified on numerous occasions over time.

In the SCS lecture, students are exposed to the SCS lecturer’s style of working, in which there is space for the
receptiveness and personal learning processes of the students. The role and the attitude of the lecturer during
SCS lectures determine how SCS lectures progress. If the SCS lecturer has internalised the SCS core values and
core themes, the lecturer is less likely to revert to the traditional style of teaching. Facilitating experiential
learning is not straightforward.
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"Harrelson and Leaver —-Dunn (2002) suggest that experiential learning requires that teachers assume a facilitator
mindset, which might be a difficult mindset for some. Lipshitz (1983) underscores the complexity of the role of an
experiential teacher who needs to have a firm grasp of the relevant conceptual material and also develop
sensitivity and skill in managing students’ emotional reactions to the learning process”. (Kolb & Kolb, 2005, p.
35).

In addition to experience with, and theoretical knowledge of SCS themes, a focus on the personal development
of young people and the creation of a supportive environment during SCS lectures is of primary importance
for the SCS lecturer. The SCS module is not intended to encourage competition, but rather to stimulate internal
reflection. “Getting to know" yourself and the space to learn within a safe environment in which mutual respect
is a priority. Letting go of the “traditional” style of teaching sometimes also means letting go of one's own
educational paradigm.

3.9 SCS for lecturers

In addition to SCS lectures for Mechanical Engineering students, experiential SCS lectures have been provided
to six Engineering lecturers for sharing practical SCS experience. That way, these lecturers acquire SCS
experience that they can share with students in turn. Receptiveness to experiential and student-centred SCS
teaching is essential.

4 SCS tasks

During SCS lectures, the question is always whether the stimuli, the style of presentation of the tasks and the
content of the tasks offers sufficient motivation for students to complete their tasks with personal commitment.
Are the stimuli contributing to the quest for internal reflection? The stimuli may resonate with one group of
Mechanical Engineering students and generate receptiveness, while another group of students may not be
stimulated into action. To ensure an element of surprise, SCS lectures always start with a task, with as little
explanation given as possible, which students must then undertake. Students make their own choices in terms
of format of the task. After completion and discussion of the task, an explanation about the objective of the
task takes place. The stimuli are critical to success of SCS lectures: are the stimuli contributing to receptiveness
of the Mechanical Engineering students?

Below are a number of SCS tasks that were included in the module for some time. First, Kolb's Learning Styles.

4.1 Kolb's Learning Styles

Completing Kolb's Learning Styles test provides a learning experience in the initial phase of the first year
foundation programme for the Engineering field of study. By recognising and identifying individual learning
styles, students gain a deeper insight into themselves. They are encouraged to engage in reflection on
themselves and the way in which they function as learning individuals. Recognition of one’s personal learning
style makes it possible to link it to recurring issues caused and experienced by oneself, for example during
teamworking exercises. This creates an opportunity to make changes to one’s own behaviour. (Kolb, 2005).

Filling out and completing Kolb's Learning Styles test during the SCS lecture helps students identify their
personal learning styles, an intrapersonal process, and to become familiar with the learning styles of fellow
students. The test is simple and can be completed without a great deal of additional explanation.

First, students complete the test. The learning styles test consists of nine lines of four words each. It is essential
that students understand the meaning of the words. On each line, students intuitively attribute a number
between 1 and 4 to the words, each of which represents a learning style. They award four points to the word
that most resonates with them and one point to the word that least resonates. After filling out the form, they
calculate the score by adding the numbers in the vertical columns. There are four columns. Each column
represents a learning style. Students then enter the scores into a diagram that represents a cycle of learning,
entitled "Your preferred learning style”. The diagram is part of the learning style test. The continuum of the
cycle provides an overview of the preferred learning style or styles. Finally, students are given a written
description of the learning styles. It is essential that every student agrees with the results of his learning styles
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test. Only the student himself can sense the learning style in which he recognises himself and which learning
style he could develop. For example, because he keeps encountering the same problems in teamwork exercises
caused by the fact the student has not (yet) developed a learning style. Occasionally, the learning style is not a
good “fit" and the student repeats the learning styles test when convenient.

4.2 Receptiveness

The perception that the attributes of their own learning styles need not be exhaustive in a new situation, for
example, in a different project group, offers students the opportunity to be receptive to conscious development
of (one of) the other learning styles. Besides exposure to the attributes of their own learning styles, students
are also exposed to the attributes of the learning styles of others, during completion and discussion of the
Learning Styles test in the SCS lecture. If students share their experiences with one another during the SCS
lecture, it is useful for facilitating mutual understanding when working as a team on projects.

Because students identify the type or types within the learning cycle with which they are most comfortable and
the way in which they approach their activities, they gain a greater insight into themselves. Particularly where
this insight is supported by the evaluations of fellow team members. Thus, students are able to consciously
assess their own styles of approach and consciously develop their strong and weak points if desired.
Completion of the learning styles test offers an insight into the relationships between the different learning
styles and the opportunities for teamwork. (Kolb, 2005,p. 8, Objectives of the learning styles test).

4.2.1 Feedback

It is essential that students receive clear and substantiated feedback on the results of the learning styles test.
For example, feedback on the relationship between students’ learning styles and teamwork on projects, is
motivational and insightful. In order to provide clear feedback, the SCS lecturer needs to have experience of,
and an insight into his own learning style.

4.2.2 Internalisation

Kolb's Learning Styles test is taken once at the start of the first year foundation programme for the Engineering
field of study and is not followed up in the course. Thus, there is no other point at which students again
consciously consider and interpret their own learning style. Internalisation, making one’s personal learning style
one's own, does not happen often: after a while, students can no longer remember what their personal learning
style is.

" When it is used in the simple, straightforward, and open way intended, The LS| usually provides valuable self-
examination and discussion that recognizes the uniqueness, complexity, and variability in individual approaches
to learning. The danger lies in the reification of learning styles into fixed traits, such that learning styles become
stereotypes used to pigeonhole individuals and their behaviour."(Kolb 1981 a: 290-291).

A number of tasks are gradually being incorporated into SCS lectures. The success of the SCS lecture is
determined by the choice of stimuli. Another SCS tasks is included below to illustrate the SCS approach.

4.3 Picture paradigm

Lecture notes comprising different, carefully selected pictures of paintings provide students with the
opportunity to reflect and formulate their thoughts on these paintings during the SCS lecture. The students
are given the notes and tasked with first taking their time to look at the paintings individually. Then, they
choose the most beautiful and the ugliest of the paintings from the notes and justify their choices.
Subsequently, they discuss their thoughts, ideas and feelings about the pictures with a fellow student. The
fellow student listens without judgement and notes what is discussed.

Subsequently, the student who took the notes reads his notes to the class. He discusses his fellow student's
choice and justification. The student whose choice and justification is being read out, indicates whether the
interpretation was formulated correctly.

The students are surprised at how differently a picture of a painting can be perceived. Often, the emotions
generated by an image, for example a childhood memory, play a part. Each student’'s emerging paradigms of
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the paintings and the differences in these, are relevant to this SCS exercise. Furthermore, active listening and
communicating the view of a fellow student without including one’s own views, is important. Students also find
it interesting to get to know one another better by listening to the experiences and memories of fellow
students.

5 Glossary of SCS terms

While writing their evaluations of the last SCS period, students again reflect on their experience of the SCS
lectures. By means of a review, Mechanical Engineering students communicate their vision of the SCS lectures
they have attended. A number of terms emerge.

Reflection (as in ponder): to reflect on teamwork, to reflect on communication, to reflect on and consider
relationships, to reflect on perceptions of lectures by completing the reflection exercise.

Self-awareness: self-knowledge, personal development, self-confidence, insight, paradigms,
Motivation and humour: useful, informative, fun subject, with the greatest of ease, simplicity
Development: learning, a change of attitude, personal development, team building

In the below-mentioned, after elaboration of each SCS term, a number of quotes from Mechanical Engineering
students’ reflective papers are listed in order to highlight the subjective perceptions of students.

5.1 Independence

The freedom to act independently during SCS lectures is essential to stimulate Mechanical Engineering
students to take action on their personal development: to make independent choices while carrying out SCS
tasks and to make independent choices in terms of approach to reflective practice. The SCS lecturer assures
students act independently during SCS lectures. The independence of each student is manifested in a different
way: through the attitude and communication displayed during SCS lectures and in the way the reflection
exercise is carried out. The concept of “independence” is demonstrated in students’ reflective pieces. Acting
independently and making individual choices during SCS lectures is essential. Contributing actively and shaping
the SCS experience requires making personal choices.

5.2 Reflection

By writing reflective pieces and evaluations of their SCS lecture experiences, recognition and acknowledgement
of their personal attributes is established, and thus, how this personal attribute relates to daily life. (see Kolb).
Students are challenged to engage actively in self-reflection. Not all students have reached the point yet where
they are able to consciously record their thoughts on SCS lectures. No internalisation has yet taken place.

“The transfer of knowledge, skills and attitude (competence) seldom happens spontaneously and requires space
for conscious development” (De Corte et al., 1991, Bolhuis & Simons, 1999). Encouraging awareness strengthens
the process of spontaneous learning or experiential learning. (Kolb, 2005).

(Note: The SCS module has undergone numerous name changes during the course of time. For example, in
the early years, the SCS module was called PCS, Professional and Communication Skills).

- "I found it incredibly useful to complete this workbook. It is a good way of reflecting on how people are
communicative and social beings in practice. Besides, it is fun to work on it in class, knowing that there is a
purpose behind it.

- | found PCS really helpful to do, particularly writing pieces in the workbook. What you learn in the lectures
through tasks, is reflected in the workbook. It makes you reflect more deeply on certain things.

- It was actually good to write all those pieces in the workbook. It made me see the world in a different way.

- By paying close attention to the task and reflecting on the objective of the task afterwards, you certainly consider
a number of things. You reflect on these concepts the context of daily life. How do you approach things and how
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could you do it better? It is important to write a piece on this every week, because it makes you put extra thought
into it.

- By having to write a page every week about subjects related to communication, you are forced to look at yourself.
You become more aware about what you think about certain things and how you perceive things. | enjoyed the
lectures and that had a positive effect on the learning process”.

5.3 Teamwork

In addition to intrapersonal development, it is important to gain insights into interpersonal relationships. SCS
does not just identify personal attributes, but also the personal attributes of fellow students. Completing tasks
as a team during lectures facilitates reflection on one’s own behaviour and mirroring and learning from the
behaviour of fellow students. This way, shared experiences are created, which can be utilised later in teamwork
scenarios.

- PCS made me reflect on how | behave towards others and how [ interact with others. It is useful to reflect on
this. You can avoid many problems this way.

- | think it is important that everyone now reflect on their role in the team. That way, you look at yourself too and
you may realise that you can do certain things better.

- PCS taught me that it is best to say some things straight away in a group, rather than wait until things go
wrong. It is interesting, because it involves a degree of psychology in terms of the way people behave and how
you behave in a group. And how you can improve your own role within the group, if desired”.

5.4 Self-awareness

During the SCS module, there is an opportunity for Mechanical Engineering students to gain experience and
develop insights into their social and communication skills. The experience is always related to personal
attributes. Conscious development of “self-awareness” requires receptiveness to an individual's personal
attributes. The ability to reflect consciously, to take a step back and consider an experience consciously is
essential to the learning process of developing self-awareness: gaining an insight into oneself, an insight into
personal strengths and weaknesses that emerge through behaviour and attitude demonstrated in the SCS
lecture.

The next step in developing self-awareness is to gain an insight into the consequences for oneself and one's
environment of one’s own behaviour and attitude. At the same time, developing an insight into the personal
attributes of fellow students increases insights into oneself through the mirroring of one’s personal attributes
with those of fellow students. The experiential SCS lectures contribute to the development of self-awareness,
as well as conscious performance during teamwork and projects (Everwijn, 1996). Breaking free from fixed
patterns, recognising that there are other ways of approaching things and the ability to apply these.

- “In my opinion, PCS is not like traditional learning. They enable you to reflect on things on which you normally
would not. This increases your self-awareness. And this self-awareness may, for example, enable you behave
differently in certain situations.

- | found PCST a useful and fun subject. It contributes greatly to your personal development. You perceive life
more consciously and are suddenly able to analyse complicated issues reasonably easily.

- At the start of the first lecture, | thought: "how on earth is PCS relevant to me? ". Later, | started enjoying it more
and more and | gained a greater insight into my own skills. For example, | know | can come across as very
overpowering. | think that is simply the nature of the beast.

- My personal experience of PCS is that it was of great value. Because after all these weeks, as you noticed, it was
difficult for me to express my feelings and views in the beginning, but the more | gained self-confidence in that
respect, the easier it became for me to express my feelings and opinion.

- Establishing my paradigm was an entirely new experience, because you share feelings about yourself and that
makes you feel very vulnerable.
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- Monitor yourself, explore why you do the things you do (or make decisions) a certain way. You act the way you
think is best, but you also realise that if people have a completely different view of things, your way is not the
only correct way. Others perceive things differently and therefore they opt for different solutions”.

5.5 Motivation and humour

The SCS lecturer contributes to creating a feeling of wellbeing amongst the students by creating a safe
environment that inspires trust: it is OK to make mistakes. Feeling vulnerable becomes less threatening then.
Students are more likely to be motivated to work on SCS tasks in a safe environment. Working on SCS tasks as
a team with fellow students often offers the opportunity to laugh together at situations. Laughing together
puts things into perspective and contributes to receptiveness to the emotions generated during the lecture
and it provides motivation to engage actively in the lecture.

- “I was just talking about laughter and we laughed a great deal in PCS, and that is a very positive point.

- In a fun way, you discover, indeed you suddenly realise, what is important in our society. That is the fun part,
you suddenly acquire that knowledge, which is not theoretical, but has to be transferred.

- | hope that more similar subjects will be offered over the coming years, in which we are taught in an enjoyable
way and in which we are not always dealing with material that needs to be processed, but with other things too.

- With the greatest of ease, we learn to communicate well, which I think is a really good approach”.

5.6 Personal development

Personal development is an intrapersonal process of change, which becomes recognisable and visible in the
behaviour and attitudes of Mechanical Engineering students. Recognisable to themselves and visible to their
environment. Consciously recognising one’s own development is critical to gaining an insight into the process
of personal development. Reflecting on one’s own initiative and learning to look at oneself critically are
essential skills in achieving self-development and awareness.

- “In SCS, you learn to know and develop yourself.

- [ think that in future, everyone will benefit from the PCS lectures we received. You learn to reflect on your actions,
that is always good for personal development.

- Usually, you do those things unconsciously, but the PCS lectures teach you awareness. Once you are aware, you
are sometimes able to respond better to certain situations”.
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Abstract

Sustainability plays a key role in EPS@ISEP programme - the European Project Semester programme at the School of
Engineering of the Polytechnics of Porto. Not just the environmental, but also economical (marketing) and social (ethics)
perspectives are explored by multicultural teams during this one semester capstone/internship programme. In 2015, a team
of EPS@ISEP students choose to design and develop an insectarium to grow insects for reptile feeding. The team, after
exploiting the topic, contemplated growing insects not only for animal feed, but also for human food. Their motivation
resulted from the fact that insects, when compared with traditional sources of protein, are more sustainable, i.e., require
considerably less resources per kg of protein. This approach, in the current Earth’s population growth scenario, contributes
to minimise the resources required for meeting food needs. The main goal of the proposal was to raise the awareness of
the participants regarding sustainable development while creating a functional, cost-effective, eco-friendly and attractive
prototype. The team, driven by this multidisciplinary problem, performed: (i) a survey of competing products; (ii) a selection
of the insect species to grow based on the study and comparison of the life cycle and habitat requirements of different
species of insects; (ii)) a marketing plan; (iv) a sustainability and an ethic and deontological analysis of the proposed
solution; and (v) the design, assembling and testing of the prototype. Furthermore, the students also developed cross-
cultural understanding, teamwork and communication skills. The project provided an excellent opportunity to foster the
concept of sustainable development amongst the students.

Keywords: Engineering Education; Sustainable Development; European Project Semester; Insectarium.

1 Introduction

The European Project Semester (EPS) is a one-semester programme offered to engineering, product design
and business undergraduates by 18 European engineering schools. EPS aims to prepare at the capstone
project/internship level future engineers. EPS aims to prepare future engineers to think and act globally, by
adopting project-based learning and teamwork methodologies (Andersen, 2004), fostering the development
of complementary skills and addressing sustainability and multiculturalism.

EPS@ISEP — the EPS programme implemented since 2011 at ISEP — the School of Engineering of the
Polytechnics of Porto — welcomes 3rd and 4th year mobility students during the spring semester. The structure
of the EPS semester at ISEP includes one Project (20 ECTU) and five project supportive seminars modules
oriented towards the specificities of each team project — Project Management and Team Work (2 ECTU),
Marketing and Communication (2 ECTU), Foreign Language (2 ECTU), Energy and Sustainable Development
(2 ECTU) and Ethics and Deontology (2 ECTU) (Malheiro et al., 2015). In particular, Energy and Sustainable
Development and Ethics and Deontology, ensures every project has a strong focus in sustainability, as a way
to raise the student’s awareness to this problem. In terms of pedagogy, EPS@ISEP implements project based
learning with a strong focus on multicultural and multidisciplinary teamwork. The project module is assured by
a team of supervisors, from distinct scientific areas and with different backgrounds, and adopts a coaching
approach, leaving teams in charge of their projects. Assessment occurs twice during the semester and has two
components: self and peer (S&P) and supervisor/teacher assessment. The S&P assessment takes into account
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the quality and quantity of the technical contribution, openness to others ideas, teamwork performance,
leadership, attitude and initiative shown.

One of the project proposals offered in the spring of 2015 was the development of an insectarium,
encompassing two goals: (i) to raise student awareness to the problem of sustainable food production; and (ii)
to design and develop an insectarium. As all EPS projects (each one with a specific client, responsible for
defining the project requirements and checking its compliance), the objectives of the insectarium proposal
were broad: “This project addresses the problem of how to produce food to feed the world's population. Since
recent figures indicate that there are more than 200 million insects for each human on the planet, the challenge
is to build an enclosure with the appropriate conditions to grow insects (e.g. mealworm or Tenebrio). This
insectarium should be inexpensive, productive and have an elegant and functional design.” (Insectarium, 2015).

The team that choose this project was composed, according to the EPS 10 Golden Rules (Malheiro et al. 2015),
of six students from different nationalities (Belgian, Polish, German, Spanish, Estonian and Scottish), and
backgrounds (Digital media and graphic design, Computer science, Marketing, sales and purchases, Building
engineering, Environmental engineering and Electronic engineering). The technical objective of the project was
to create a functional, cost-effective, eco-friendly and attractive insectarium prototype. The team, driven by
this multidisciplinary problem, performed: (i) a survey of competing products; (i) a selection of the insect
species to grow based on the study and comparison of the life cycle and habitat requirements of different
species of insects; (iii) a marketing plan; (iv) a sustainability and an ethic and deontological analysis of the
proposed solution; and (v) the design, assembling and testing of the prototype. This paper aims to provide an
insight on how a project about home insect farming can simultaneously alert towards and motivate for the
adoption of sustainable development practices.

One of the major issues for humanity is the lack of sustainable good quality food sources. The Food and
Agriculture Organization (FAO) estimates that the world needs to increase its food production by 70 % by 2050
in order to serve a global population of 9 billion. Insects form part of the traditional diets of at least 2 billion
people, mainly in the Asian and African regions. In the remaining regions of the world, the main use of insects
is for animal feeding. More than 1900 species have reportedly been used as human food (FAO, 2014).
Furthermore, the standard food production model is unsustainable in terms of resources required (energy, soil,
water) and by-products produced (emissions). Research is forcing people to re-think food production and
recommending the adoption of specific insect species as a higher source of nutrition.

This paper presents in Section 2 insect farming, in Section 3 introduces the team'’s solution, in Section 4
describes the implementation and the functional tests, and, finally, in Section 5 draws the main conclusions.

2 Insect Farming

The concept of insect farming is relatively new. Insects are reared in a confined area (i.e. a farm) where the
living conditions, diet and food quality are controlled. Farmed insects are kept in captivity and are thus isolated
from their natural populations (FAO 2013). One of the advantages of insect farming is the relatively small
ecological footprint compared to conventional livestock farming in terms of: (i) land use, (ii) the efficiency in
converting feed into high value animal protein; and (ii{) greenhouse gas and ammonia emission.
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Figure 1. Greenhouse gas emissions for different protein sources production (Stromberg, 2012).
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Studies conducted in the Netherlands, where mealworms are often cultivated as food for reptile and amphibian
pets, concluded that insects, like mealworms, can help to solve this problem. Researchers, which analysed every
input used in the process of breeding the worms, show that worms are a protein source considerably more
eco-friendly than conventional protein sources. Insect farming requires less energy and produces less carbon
dioxide into the atmosphere when compared with the production of milk, pork, chicken or beef (Figure 1).
Pound for pound, mealworm protein (green) produces much lower amounts of greenhouse gas emissions than
both the high (red) and low (blue) estimates for conventional protein sources (Stromberg, 2012).

2.1 Mealworm

Although the insectarium may be used to house different insects because of the controllable temperature and
humidity, the focus is on production of mealworms since they can be eaten by animals and humans. Moreover,
compared to other insects, they contain a high level of protein and are one of the easiest insect species to
grow.

2.1.1 Life Cycle
Mealworms are the larval form of the mealworm beetle, Tenebrio molitor, a species of darkling beetle. Like all
holometabolic insects, they go through four life stages: egg, larva, pupa and adult (Figure 2).

eggs &emerging,

mealworm

mealworm pupa

Figure 2. Four life stages of Tenebrio molitor (Super Teacher Tools, 2016).

The life cycle takes around a year to complete the four stages of metamorphosis. The egg is white and takes
around one to four weeks to hatch and the larva to emerge. The larval stage may molt ten to twenty times
before reaching the pupa stage. As a pupa, it changes colour, starting white and darkening before the beetle
emerges, and grows from a length of 1.25 cm to 1.90 cm. The adult beetle is black with hardened front wings
and lasts one to three months. When they reach one to two weeks of adult life, the beetles begin to mate and
reproduce. A few days after mating, female beetles will burrow into soil or substrate and lay the eggs. The
second stage of the insect life lasts about eight to ten weeks and is spent as a brown larva called mealworm.
When first hatched, it is quite small, but will grow up to 3.8 cm long. Since it has a hard exoskeleton, the worm
will need to molt and shed its hard outer shell in order to grow. Molts will occur ten to twenty times during
this stage of life. A recently molted worm will be soft and white, but the exoskeleton will quickly harden. A
mealworm spends its time eating and growing in order to save up energy for the next transformation.

2.1.2 Habitat and Growth Conditions
Mealworms live in areas surrounded by what they eat under rocks, logs, in animal burrows and stored grains.
They clean up after plants and animals and, therefore, can be found anywhere where there are such leftovers.

Raising mealworms is fairly easy since they are prolific breeders and are hardy insects. Their growth is affected
by the temperature and humidity. The ideal temperature and humidity for growing a colony is around 25-27
°C and 70 % humidity, respectively.

2.1.3 Home Farming

Domestic Tenebrio molitor colonies usually hatch and live in standard plastic containers. The container should
be kept away from windows and direct sunlight to prevent the temperature from rising (Figure 3a). The daily
light cycle is adequate, i.e. the process does not require artificial lighting. A colony of mealworms will reproduce
faster with a higher humidity, but, in most cases, the natural humidity in the air will be sufficient. In a dry
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climate, it may be necessary to raise the humidity. The substrate of the container will be the food - wheat bran,
oatmeal, cornmeal, wheat flour, ground up dry dog food or a mixture of these dry foods. Slices of potatoes,
apples, carrots, lettuce, cabbage or other fruits and vegetables are used to supply water to the worms. Potatoes
are often preferred since they last a while and do not mold quickly.

(b)
Figure 3. Insect Farming: DIY kit sold by Tiny Farms (Tiny Farms, 2016) and Kreca insect farm in Ermelo (Kreca, 2016).

2.1.4 Industrial Farming

In Europe insect farming is at an early stage. The European Commission is currently co-financing a research
project to explore the feasibility of using insect as a protein source, following a recommendation of the
European Food Safety Authority (Finke, M. D. et al., 2015). The European Union prohibits the use of insects to
feed livestock. Nevertheless, there are large companies investing in the sector like Proti-Farm, a producer of
insect ingredients for the food and pharmaceutical industry based in The Netherlands. In 2014, it acquired
Kreca, a company with in-house knowledge of breeding and rearing 13 different species of insects. Kreca's
production, which includes 12 different insect species, is intended for human food (5 %) and pet food (95 %).
The farm consists of eight barns where the temperature varies between 25 °C and 30 °C, depending on the
insect species. The insects are fed on corn or groat meal obtained from local providers. Inside the barns, racks
of boxes hold hundreds of kilograms of insects (Figure 3b), eating several tonnes of meal and producing a few
tonnes of insects per week. Proti-Farm sells whole insects, protein powders (isolated, concentrated, hydrolysed)
and (refined) lipids.

3 System Architecture
Before defining the system architecture, EPS students have to study and define the environment in which their
product will fit and the restrictions that apply.

3.1 Marketing Plan

During the elaboration of the marketing plan, the team identified the strengths, weaknesses, opportunities and
threats regarding the potential market — market SWOT analysis, performed market segmentation and defined
the marketing programme for the product. During this study, the team concluded that the market offers many
different types of bug-specific farming structures. However, it is lacking a general solution for household users,
i.e. a solution for farming different species of insects. As a result, the team decided to create a home insectarium
to house different species. For example, Space for Life (2016) suggests and provides instructions for raising
ants, house crickets, mealworms, praying mantids and monarch butterflies at home. Since the light,
temperature and humidity requirements differ from species to species (Space for Life, 2016), such a product
must be reconfigurable. Ideally, the insectarium should include a control system to operate the heating, cooling
and lighting subsystems in accordance with the readings from the installed temperature, humidity and light
sensors. In addition, since it is intended for the domestic market, it should be attractive and easy to maintain.
Figure 4 shows the initial structure drawings and the brand logo INSECTO, which were defined together with
the marketing plan (Bentin et al., 2014).
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INSECT )

Figure 4. First sketches and INSECTO brand logo.

3.2 Sustainability Issues

There is no universal definition of sustainability. For the team, sustainability is “a process of change in which the
exploitation of resources, the direction of investments, the orientation of technological development and
institutional change are all in harmony and enhance both current and future potential to meet human needs and
aspirations.”

In terms of the structure, the team chose to keep the manufacturing, assembling and maintenance simple and
easy. The result was INSECTO — a boxy, modular insectarium composed of a reduced number of parts — which
allows stacking for larger production schemes. The team selected acrylic glass — polymethyl methacrylate
(PMMA) - to build the structure of the insectarium since it is a durable material with a long life cycle and a
good temperature and sound isolation. The PMMA temperature insulation maintains the insects at a
comfortable temperature with low power consumption. The electronic components were chosen according to
their energy consumption (sustainability) and the selected software was open source (cost).

3.3 Proposed Architecture

The air conditioning of the insectarium (temperature and humidity) is the main technical aspect of the project.
Air conditioning can be divided into heating, cooling, humidification and dehumidification processes with
specific energy demands. Since the simultaneous control of temperature and humidity is rather complex and
exceeds the pre-defined budget (100 €), the team decided to incorporate in the insectarium two additional
elements: an air heating resistor and air renewing fan. This approach uses the resistor to raise the internal
temperature and the fan to reduce both the internal temperature and humidity.

To control automatically the temperature and humidity inside the insectarium, the team selected an Arduino
microcontroller, a humidity sensor, a temperature sensor, a resistor, a fan and, for the user interface, a Liquid
Crystal Display with a keyboard (Figure 5). The microcontroller is connected to the humidity sensor (input),
temperature sensor (input), the keyboard (inputs), the LCD (output), the resistor (output) and to the fan
(output). The microcontroller controls the fan speed and the resistor power through pulse width modulation
(PWM), i.e. the fan and resistor are connected to the microcontroller via PWM outputs.

) User Keyboard
—input P Humidity Sensor
Temperature Sensor l
INSECTARIUM pController
A
Heater
Fan <4——output
LCD Display

Figure 5. Control system diagram.

The proposed system differs from the Dot It Yourself (DIY) home solutions because it is modular, reconfigurable
(via the user interface) and automatically controls (via the control system) the most relevant environmental
parameters (temperature and humidity) for breeding different species of insects at home. This approach meets
the client requirements and extends further the spectrum of possible clients.
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4 Implementation and Functional Tests

4.1 Main Components

The team performed the selection of materials and solutions, analysing the quality, economy and sustainability
aspects. For the structure, the team opted for PMMA plastic due to its durability and resistance. The structure
was built with existing PMMA leftovers (reuse). The team, for the control system and according to the
comparative study undertaken, chose: (i) an Arduino Uno microcontroller; (i) a DHT22 humidity and
temperature sensor with an accuracy of 2 % for the humidity and +.5 °C for the temperature; (iii) a 28 Q
resistor (reused from a toaster); (iv) a 12 V 0.13 A fan (reused from a Personal Computer); (v) a ULN2003A high-
current Darlington transistor array to boost the current for the fan and resistor; (vi) an Itead 1602 LCD shield
with keyboard; and (vii) a power supply AC/DC 230V AC/12V 2 A (Bentin et al.,, 2105). The cost of these
components was 60 €. Figure 6 presents the electrical circuit of the control system (left) and the flow chart of

the controller software (right).
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Figure 6. Electric schematic (left) and software flow chart (right).

4.2 User Interface

The main function of the insectarium is to provide different species of insects with an appropriate environment
to grow and reproduce. This was achieved by creating a configurable automatic humidity and temperature
control system. Figure 7 (left) presents the structure of configuration menu implemented in the user interface
(right). The user can specify the desired temperature (°C) and humidity (%), the maximum temperature (°C)
and humidity (%) variation, the percentage of heat power and the fan speed.
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Figure 7. Menu system (left) and user interface (right).
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4.3 Power Consumption

The power consumption estimation (in the most demanding scenario) of any electric appliance is a
sustainability indicator. In a continuous operation scenario, the Arduino, LCD shield and the double sensor are
always on. In addition, in the worst case scenario, the heater or the fan will be on, but not simultaneously.

Table 1 presents the estimated power consumption of the main system components. In the best case, when
only the Arduino, LCD shield and sensor are on, the estimated annual power consumption is 7.6 kWh. In the
worst case, when the heater is also on, the estimated annual power consumption reaches 49.6 kWh. This results
in an estimated annual average power consumption of 26.5 kWh (equivalent to a 3 W lamp).

Table 1. Estimated power consumption.

Equipment Voltage (V) Current (A) Power (W)
Heater 12 0.400 4.800
Fan 12 0.140 1.680
Arduino Uno 12 0.050 0.600
LCD shield 5 0.050 0.250
Sensor 5 0.025 0.013

4.4 Tests and Results

Initially, the team undertook basic tests regarding: (i) the heating and cooling functions (to determine the
maximum attained temperature and the fan ability to renew the air) without control; and (ii) the debugging
and validation of the control code. With the resistor connected to 12 V, it took in average 227 min to raise the
internal temperature from 24 °C to 31 °C and, once it reached this maximum value, it stabilized. With the fan
connected to 12V, the temperature inside diminishes until it reaches the external room temperature. For
example, lowering the internal temperature from 31 °C to 27 °C (room temperature) took 50 min.

Finally, with the insectarium assembled, the team conducted the functional tests and measured the actual
power consumption. Figure 8 depicts the assembled prototype. The functional tests were defined together
with the requirements and use cases during the design phase, a mandatory step of any EPS project.

i

Figure 8. Photograph of the assembled insectarium.

These tests contemplated the normal operation of the insectarium, i.e. the maintenance of the temperature
and humidity parameters within the user specified values. The user interface menu was fully functional, allowing
the user to specify the desired input parameters. The control system was able to maintain the internal
temperature and humidity within the user specified values. Table 2 presents the power consumption measured
in the three operation modes (idle, air heating and air renewal), resulting in an average annual power
consumption of 24.1 kWh (< than the estimated 26.5 kWh).

Table 2. Measured power consumption.

Operation mode Current (A) Power (W)
Arduino, LCD shield and sensor 0.093 1.116
Arduino, LCD shield, sensor and fan on 0.170 2.040

Arduino, LCD shield, sensor and heater on 0.425 5.100
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5 Conclusion

This paper reports the development of INSECTO - an attractive, configurable, modular domestic insectarium
for growing different insect species — by a multinational and multidisciplinary team of students within
EPS@ISEP. The team perceived the project development process as “a fun and exhilarating challenge from
which we benefited greatly as an experience for our careers by living in a different country and working with
people from all over Europe.”, and the INSECTO prototype as “a product that provides sustainable food for now,
but, more important, for the future”, while aiming “to be as sustainable as possible (...) and innovative compared
to other insectarium products.” These views illustrate the relevance the team attributed to this project in terms
of multicultural teamwork and sustainable development practices. The functional tests showed the
effectiveness of the configurable temperature and humidity control system. Further studies should be done to
compare the performance of the system with traditional uncontrolled DIY systems, e.g. using mealworms, as
well improve the validation of INSECTO with different room conditions.

EPS@ISEP acted as the framework to promote cross-cultural communication, multidisciplinary teamwork,
ethical and deontological concerns, sustainable development practices as well technical and scientific
competences within this team composed of design and engineering students.
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Abstract

In 1996 S.L. Hanson pointed out that young women were under represented in Science, Technology, Engineering and
Mathematics (STEM) courses in tertiary education. Today, the participation rates of young women in these subjects
continues to be comparatively low and their attrition rates high. The overall ratio of male to female students in western
universities of technology has typically been 80% men and 20% women. During the same period (1996-2016) the numbers
of students entering Engineering Education courses have been falling in developed countries. One way to solve the
recruitment problem and to improve the quality of Engineering Education is to attract more women to study in this area.
In 2016 the authors undertook a case study in a small, regional university in Queensland, Australia, to find out why so few
young women enrolled in Engineering Education and other STEM subjects. The female students in our study, were enrolled
in more traditional female courses such as nursing and education. The participants were asked if they had considered
engineering or other STEM areas, and if they had, why had they decided to settle for nursing or teaching. A critique of the
literature helped us develop a survey, focus group and interview schedules which we used in collecting data. This paper
analyses the problem of how to engender more diversity in Engineering Education and makes some specific
recommendations about ways of increasing female participation rates. Our study found that many of the factors that helped
or hindered young women from applying for Engineering and other STEM courses twenty years ago, still apply today. In
our case study, factors that were perceived to assist young women in undertaking Engineering Education included
encouragement from teachers and parents, assistance from more competent peers and mentors and the use of Project
Based and Active Learning pedagogies.

Keywords: Diversity in Engineering Education; Sustainability in Engineering Education; Gender Balance.

1 Introduction

Twenty years ago Hanson (1996) argued that although female students have demonstrated interest and
aptitude in Science, Technology, Engineering and Mathematics (STEM), they were under represented in STEM
subjects at both secondary and tertiary levels of education. Female students who graduated from university in
these subjects were also found to be more poorly paid and did not do as well in terms of their career as did
their male counterparts. Eisenhart and Finkel (1998) conducted an extensive review of US women in science
and found that females tended to have lower status and more marginal positions in engineering and science.
They argued that women who enrol in science subjects and start science careers are attracted jobs that involve
social, political or environmental areas of employment (Eisenhart & Finkel, 1998, p.204). They also suggest that
women tend to be more comfortable in these areas because the work environment is friendlier even though
the pay and status attached to them are lower. These findings were backed up by other research studies on
the gender gap in STEM subjects in the United States. The National Centre for Education Statistics (NCES)
concluded that “girls are less likely than boys to aspire to careers in science and engineering” (NCES, 1997,
p.27). The NCES noted that the maths and science proficiencies of boys and girls are similar to the age of nine
but then a gap appears at age thirteen (NCES, 1997, p.1). By seventeen the gender gap in maths and science
narrows slightly but because of the fairly radical change in the attitudes of boys and girls after grade 8 (age
thirteen) the gap is never bridged (NCES,1997, p.17). The 1997 report listed many factors associated with this
persistent gap between boys and girls in terms of STEM subjects. They included location, particularly remote
locations, varying education systems (i.e. Catholic, independent, state), and low social-economic background
(SES). The NCES cited enrolment statistics for tertiary intake of men versus women which indicated that “men
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outnumber women in mathematics, statistics, sciences (particularly physics), engineering, manufacturing,
construction and computing, while women outnumber men in the study of health, welfare, education,
humanities, arts, agriculture, life sciences, services, social sciences, business and law” (NCES, 1997, p.27). One
might imagine that in the two decades after this report was published a great deal would change, especially
as there was already a perceptible fall in enrolments in STEM subjects at the university level in the US, the UK,
Australia and other developed countries. The fall in student enrolments was particularly prevalent in
Engineering Education.

2 The current state of the gender gap in STEM

Nearly two decades after its 1997 report the NCES (2013) made it clear that the gender gap in STEM subjects
at the university level remained. The same can be said for other developed countries. When one compares US
data from NCES between 1997 and 2013 with data from Australia for the same timeframe, the common theme
that emerges is that women are under-represented in STEM fields throughout their education and career
(NCES, 1997; NCES, 2013; ACOLA, 2013, p. 134). One note of optimism is that there has been some gradual
improvement. According to Freeman (2004, p.30) in the early 1970s in the US, females accounted for less than
1% of undergraduate degrees conferred in engineering. Data from ACOLA (2013) showed that the same figure
was true of Australian female graduates in engineering degrees in the early 1970s. Two decades later, in 1996,
the number of Australian female engineering graduates was 5.2% (ABS 2001). Roberts and Arye (2002) noted
that Australia trailed both the UK and the US in the percentage of women engineers that they graduated. In
1996, in the UK, women represented 7 per cent of professional engineers and technologists (Glover, 2002). The
US National Science Foundation (NSF 1998) found that 9% of graduate engineers were women in 1998, while
Lal, Yoon and Carlson (1999) found that in 1999 women held 10% of professional engineering jobs in the US.
ACOLA (2013) reports that in Australia, women'’s participation in STEM has improved over the two decades
since 1993, but that there is a case to be made for re-invigorating the agenda on women in STEM (ACOLA,
2013, p.153). Today that number of female engineering graduates has risen to 20% in Australia which is the
same figure for the US a decade earlier (Freeman, 2004; National Science Foundation, 2004). In Australia
national estimates suggest that gender disparities, specifically in engineering, are largely driven by “inadequate
enrolment (not inadequate retention) of women” (ACOLA, 2013, p. 211).

Inadequate enrolments are also the main reason for gender disparities in US Engineering universities. A
longitudinal study conducted by National Science Board (2010) that used primary sources from the American
Society for Engineering Education (ASEE), the Engineering Workforce Commission (EWC), and Engineering
Trends found that the under-representation of women in Engineering Education for the academic years 1999-
2000 through 2004-2005 was predominantly due to low enrolments in Mechanical, Computer, and Electrical
Engineering programs. The female enrolment in those subjects was between 12% and 14% compared with the
national average for female enrolment in engineering courses, which was 20 to 22%. The disciplines where
women were, on average, over-represented, when compared to the national average, included Bio-engineering
(38%), Environmental Science (37%), Chemical Engineering (35%), Industrial, Management and Manufacturing,
and Architecture (29% each). A key question is whether retention in engineering is lower among women than
men. The above study shows that female students comprised 20% of national engineering enrolments between
1999 and 2004 and during the same time women represented 22% of degree recipients (National Science
Board, 2010). This indicates that issues of female under representation, especially in the field of engineering, is
not due to drop-out rates of female engineering students but rather low enrolment rates. The earlier Australian
study by Roberts an Arye (2002) found that this is also true of Australian Engineering Education. They point
out that there is little or no difference in retention rates between men and women in engineering and that the
proportion of women and men who begin working as engineers after graduation is almost equal - 85% for
women compared with 89% for men. The number who subsequently left these jobs is also very similar. Women
engineers in the 30-39 age bracket who stopped working as engineers made up 45% of the total. Another 17%
left the job after they turned 40 years of age or more. The percentage of males who stopped working in the
20-29 age bracket was 40%. Those who left after 30 years of age made up 20% or less of the total (Roberts &
Arye, 2002, p.7).
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3 Gender Equality

In a number of OCED countries measures have been implemented to ensure a more equitable percentage of
women in STEM disciplines such as engineering (OCED, 2014, p.6). One measure that universities worldwide
are attempting to institute, involves scholarships and fellowships specifically targeted at female students and
researchers in areas such as engineering. Another scheme introduced by Ghent University, Belgium, in 2009,
was to provide young female PhD researchers with mentors. Increasing the visibility of female role models in
engineering and other STEM subjects is another way to highlight the presence, excellence and outstanding
contributions of women in STEM fields. The Gender Equality Observatory publishes documents that highlight
how the “presence of women in the various sciences has been undervalued” (p. 7). To raise the visibility of
some of these outstanding women, a calendar dedicated to women in various scientific fields is published every
year. In 2010 the calendar focussed on women in the field of Chemistry:
http://www.urv.cat/media/upload/arxius/any ciencia/pdfcalendari.pdf

In Australia the government, via its Department of Education Science and Training (DEST), has introduced a
Maths and Science partnerships Program (AMSPP) project worth $16.4 million available over three years to
enable universities across Australia to deliver innovative math and science projects to increase participation of
both males and females in STEM. The main purpose is to improve student engagement in maths and science
courses through innovative partnerships between universities, schools, and other relevant organisations.
Despite these initiatives falling interest in STEM subjects generally, and gender inequality in Engineering and
Science Education in particular, persists. Strachan, Whitehouse, Peetz, Bailey & Broadbent (2008 p. 323) argue
that “gender equity is yet to be achieved with significant remaining barriers in academic and senior positions”.
Reports from the OECD (2013) and from (DEST, 2006 and 2015) make the same point.

Australian universities tend to have a strong record on positive gender policies but inequitable practices are
hard to change. In fact universities continue to allow unequal outcomes for men and women in terms of pay
and status (Probert, 2005, p.50). Dariusz & Krzysztof (2013) show that the situation Probert described a decade
ago has not changed and that there continues to be a slow evolution of women into senior academic positions.
Female academics are concentrated in lower job classifications, receive less than average pay and are more
often employed in casual positions (EOWA 2005, pp. 30-35). DEST (2006 and 2015) confirmed this lack of
progress in terms of gender equity in two reports written a decade apart, showing that women in Australian
universities are under-represented in full- time and on-going positions and in senior roles. Similarly in the UK
two reports published in 2013 and 2015 showed that although approximately 55% of all UK first-degree
students were female this percentage does not subsequently translate in terms of those graduates who
eventually become academics in that discipline. Biosciences, for example, has over 60% female students but
only 15% of their professors are women. Four years ago the House of Lords Science and Technology Committee
(2012) completed an inquiry into STEM in higher education that identified a need for increased numbers of
employable, skilled STEM graduates as a matter of urgency for the economic health of the UK. This report
highlights the need to increase the number of students who might go on to take STEM related subjects at
university in general but also stresses that a low female uptake in stem subjects in compulsory schooling will
only compound the current problem of gender inequality in these subjects at the university level. The need to
increase female numbers is crucial in areas such as the Built Environment (Fielden et al., 2010), Engineering
(Wallace and Sheldon, 2014), Mathematics (Boaler et al, 2011) and Physics (McCullough, 2004). One way
forward is to find more creative ways to recruit and teach women in STEM subjects such as engineering.

4 Strategies for engendering diversity in Engineering Education

Another group that does not usually make up a significant proportion of students in Engineering Education
and other STEM subjects at university are students with low socio-economic status (SES) backgrounds. Thomas
(2014) has argued that particular strategies can be adopted by regional universities to recruit, teach and retain
such students. He argues that students from this type of background encounter greater challenges and barriers
in adapting to university and in particular to those subjects that are deemed hard, such as mathematics and
engineering. He points out that this group has fewer ‘encouragers’ and suggests that the pathways and
pedagogies that universities adopt need to be modified for such students. From what we have presented above
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we feel that the same can be said for young women who may aspire to undertake an engineering or
mathematics degree but all too often lack encouragement to do so. In his study Thomas interviewed 19
teachers and leaders form 12 regional Australian universities and concluded that the strategies that could be
advantageously employed to retain students from low SES background could include active learning
pedagogies. In our own case study we looked not only at possible male students from low SES background
but also women who were enrolled in more traditional female courses, such as nursing and education. A
critique of the literature helped us develop surveys, focus groups questions and selected interview schedules
which we could use in the collection of data regarding their recruitment and retention. Like Thomas we found
that many of the factors that helped or hindered young women from applying for Engineering and other STEM
courses twenty years ago, and hinder the recruitment and retention of SES background students, still apply
today. Our case study revealed that the young women and men we interviewed had lacked both
encouragement and confidence to take on courses in engineering and mathematics. They felt that there were
a number of factors that might have boosted their confidence. These included greater encouragement from
teachers and parents, assistance from more competent peers and mentors, and the use of Project Based
Learning and other Active Learning pedagogies. Our findings were backed up by other scholars who have
undertaken similar research in this area.

Authors such Green, 1997; Galton et al., 2000; West et al., 2010; Tobbell, O’'Donnell and Zammit, 2014 have all
researched early educational transfers and transitions into STEM. Like us they have concluded that the
successful transition of students into STEM degrees, and their eventual retention and success, is greatly
dependent on the type of pathways and support that are offered prior to and early in the students’ move to
university from secondary education. Such support is not only a key to the success of individual students but
also an important strategy to adopt for economic and social reasons. Today developed countries, are, to some
extent, faced with a STEM crisis (Morley & Lugg, 2009; Hulme & Wilde, 2015). It is essential to assist students
early on with a correct choice of university subject if we are to engender more diversity in subjects such as
Engineering Education and ensure the sustainability of the discipline. As Yorke and Longden found from their
quantitative and qualitative based survey of first-year university students’ experiences across twenty five
institutions and nine broad discipline areas, an important reason for “withdrawal by some students was wrong
choice of field of study” (Yorke & Longden, 2008, p 52). In our own case study we found that many of students
of this type had difficulty getting information from their family or friends. We established, as did other scholars,
that understanding and tackling transition from pre-tertiary education into higher education was important if
students were to make the right choice of subject, including the possibility of enrolling in courses such as
engineering, maths, science and technology (Hume & Wilde, 2015). In the focus group discussion that we held
we learned that our informants were affected by psychological factors, such as low self esteem when it came
to their belief that they had the skills and abilities to undertake study of STEM subjects and that they felt
nervous about such a choice because they lacked mentoring towards the end of their secondary schooling.

5 Conclusions and recommendations

The steps the student makes while transitioning from pre-tertiary to higher education are the beginning of a
difficult educational journey (Wakeling & Hampden-Thompson, 2013). A successful transition requires students
to understand the nature of their chosen academic discipline. There appears to be a mismatch in the way that
STEM subjects are presented during the students’ pre-tertiary phase compared to when they begin higher
education (Hulme and Wilde, 2015, p.15). Based on our own study we agree with the suggestion that students
can have unrealistic expectations in relation to the nature and extent of “autonomous learning, the teaching
methods they would encounter within higher education, and levels of achievement” that academics in STEM
subjects often demand (Hulme and Wilde, 2015, p.6). Because of these unrealistic expectations students
question their own ability to make a successful transition and this results in academic disengagement (Rowley,
Hartley and Larkin, 2008, p.11). Our research was preparatory in nature but indicated that more work needs to
be done to develop a better understanding of student expectations of tertiary study (Johnson, 2003). We also
recommend that more work be done on the importance of helping to establish and make more visible strong
female role models in STEM. This is a point that the 2014 OECD report on Fostering Equity in Higher Education
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emphasized. The fact that Higher Education and industry lack sufficient strong female role models is,
unfortunately, all too patent. Huhman (2016, p.1) points out that “today, women hold only 27% of all computer
science jobs, and that number isn’t growing”. Those who do make it into computer science and engineering
need mentoring. The OECD report stresses that mentoring programs prior to and during the first year at
university have had an effect on student intentions to pursue a university education and complete it. It
identified that there was a higher intention to attend university among those students who received mentoring
in comparison to those who did not (OECD, 2014, p. 26 and DuBois et alia, 2011). There is an urgent need for
STEM providers within the higher education sector to better inform those involved in pre-tertiary policy and
practice in terms of curriculum, skills, active learning and teaching approaches. Engineering Educators can also
assist by lobbying for resource sharing, smaller class sizes, greater visibility of female role models and a
proactive approach to preparing students for transition from secondary schooling to tertiary study. Our study
and other action research initiatives, such as the study carried out by the Royal Melbourne Institute of
Technology (ACOLA, 2013), suggest viable ways of engendering diversity in Engineering Education and other
STEM subjects by increasing the recruitment of women and applicants from low SES backgrounds. Such studies
also demonstrate how in addition to recruiting such students Engineering Education and similar subjects can
become more sustainable by not only recruiting a broader spectrum of students but also ensuring that they
succeed in their studies.
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Abstract

Harmer (2014) surveyed 59 articles related to Project Based Learning (PjBL) and concluded that PjBL has been trialled
worldwide in the last decade and adopted across a diversity of educational institutions. PjBL has been defined as problem
based learning that usually involves a prolonged activity resulting in a product, presentation, or performance (Donnelly and
Fitzmaurice, 2005). Although engineering educators use PjBL mainly at the undergraduate or masters by coursework level
we argue that the engineering PhD can also be categorised as a form of PjBL. We contend that the PhD process would be
much improved if in fact the definition, philosophy, pedagogical practices and project management principles of PjBL were
applied to aspects of PhD project management, teamwork, supervisor and student roles, as well as evaluation and
assessment. The PhD as a form of PjBL aims to produce engineering improvements and to do this effectively good project
management is essential. It is increasingly common that a PhD is assessed on the basis of published or submitted journal
articles authored by the student, alone or with others. Often supervisors and fellow students can be included as co-authors
because engineering PhDs tend to work on improving a project or process as part of a collaborative team. Our research
makes use of Flanagan'’s Critical Incident Technique (1954) to gather and analyse data about the issues that can affect the
quality of project management and other related issues in the PhD process. Although there are different levels of project
management our focus is at the PhD supervisory level. Our paper presents a case study that was carried out at a prominent
European university of technology. Flanagan's technique is explained briefly and the case study data is analysed to reveal
key issues that can make a difference in terms of good project management.

Keywords: Ethical dilemmas in Engineering Education; Project management; Critical Incident Technique.

1 Introduction

The most difficult and sophisticated form of project management in teaching and learning at the university is,
arguably, managing the PhD project. As Sinclair (2004) notes in his commissioned report on the PhD process
there are clear differences between the disciplines when it comes to managing the PhD. The PhD culture in the
natural sciences tends to be collaborative in terms of research and publishing whereas the arts and humanities
(and to a lesser extent the social sciences) are often more individualistic. Natural science supervisors, especially
in an applied science like engineering, generally manage teams working on projects that they themselves have
found funding for. Governing bodies and professional associations in the engineering profession have agreed
on a set of protocols for determining what should be expected of engineering graduates in terms of their
professional knowledge, skills, and attributes. National bodies, especially in developed countries, have come
together to forge international agreement on this and the Washington, Sydney and Dublin Accords
demonstrate that there is now an international consensus on the sorts of skills, competencies and professional
and personal attributes that a graduate needs if he or she wants to be placed on an international register of
engineers (IEA, 2013). The IEA's comparative paper on professional competencies and graduate attributes
makes it clear that graduating engineers must be problem solvers capable of applying their knowledge and
skills in new and unexpected circumstances. It also emphasises that they should possess the sort of professional
and personal attributes listed in the table below. Given such strong international agreement on this and the
similarity between the IEA’'s recommendations and the principles and practice of PBL, either in the form or
problem or project based learning, it is surprising that PBL and PjBL are not even more widespread in
engineering courses at both the undergraduate and postgraduate level.

We argue that the duty of PhD project managers is not only to ensure that their PhD students possess the
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above mentioned competencies and attributes before beginning their research studies, but that they also, as
experienced academic engineering educators, lead by example and demonstrate that they too possess them.
In the context of this paper we emphasise the third set of competencies, namely, the ‘professional and personal
attributes’ of the graduate engineer, and their importance in project managing the PhD. If it is true, as Sinclair
(2004) points out, that the scientific PhD is characterised by collaboration in terms of problem solving,
knowledge building and the publication of results, then the need to embody the attributes laid out in the table
below is paramount since all of them are important ingredients of project based learning.

Table 1. Engineers Australia: Stage One Competencies and Elements of Competencies (2005 & 2011)

Competency 3 Professional and Personal Attributes

Competency 3.1 Ethical conduct and professional accountability

Competency 3.2 Effective oral and written communication in professional and lay domains
Competency 3.3 Creative, innovative and pro-active demeanour

Competency 3.4 Professional use and management of information

Competency 3.5 Orderly management of self, and professional conduct

Competency 3.6 Effective team membership and team leadership

In our study we used Flanagan's Critical Incident technique (CIT) to investigate different aspects of project
management in the PhD process. Our approach was quite straightforward. We asked PhD supervisors to think
back over their experience as supervisors and as former PhD students and to write down two separate incidents.
The first should be told from their perspective as a supervisor. The second as a former student. We indicated
that the incidents could be positive or negative, important or trivial, but the key was to specify what had
occurred and say why it was so memorable. Many of the incidents related to behaviour that demonstrated
both good and bad examples of the professional and personal attributes that are given in the table above.

2 The PhD as a form of project based learning

In an earlier conference paper given at the 2015 combined IJCLEE conference we compared and contrasted
Project and Problem Based Learning and argued that these two types of PBL complement each other (Christie
and Lucke, 2015). In that paper we pointed out that problem based learning, which we will refer to as PBL,
begins with an issue or problem that students need to solve or learn more about. Project based learning, which
we will refer to as PjBL, usually begins with the design and creation of a product or an artefact in mind. In both
PBL and PjBL tasks can be staff or student driven or a combination of both. Above all both are characterised
by active learning on the part of the students. Sometimes the tasks require wider field experience in a workplace
but even when simulation or virtual reality is used the emphasis in terms of assessment is that it be active,
authentic and, where possible, formative as well as summative. The following figure taken from Brundiers and
Wiek's article (2013) that compared PBL and PjBL not only provides a simple way of distinguishing between
these two pedagogical models but provides a basis for our claim that the PhD can be seen as a form of project
based learning.

As we note in the abstract a survey of the literature shows that both forms of PBL tend to occur mainly in
undergraduate degrees if we use published papers as an indicator. They are used to a lesser extent in Masters
by coursework and rarely in the PhD. We undertook a search of publications in Scopus for the period 2006-
2016 using three different search phrases. The first ‘PBL in undergraduate courses’ gave 145 results with over
30 each in Engineering, Medicine and Computer Science and 19 in Nursing. Of the total 96 were articles, 35
conference papers and the rest consisted of a few books, book chapters and reviews. A search of ‘PBL in
Masters’ produced a total of 65 publications more evenly spread between articles and conference papers. The
most publications per discipline (22) was in Engineering. Using the search term 'PBL in PhD’ resulted in 6
publications. Of these only two articles were relevant - the other four tended to be articles about undergraduate
PBL based on PhD thesis work. We acknowledge that good PhD coursework will include PBL approaches but
Scopus, at least, does not show any articles that focus on its specific use there.
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Figure 1. A comparison of PBL and PjBL. Source: Brundiers and Wiek (2013: 1727).

More importantly there does not appear to be any literature that specifically argues our point that the
engineering PhD is by its very nature a form of PjBL. When we look at the figure above we postulate that all of
the points made in the Commonalties column and the right Venn diagram under PjBL apply to a majority of
engineering PhDs. Doctoral students in engineering almost always are engaged with real world tasks, tend to
work in small student centred learning groups, are clearly becoming fully fledged researchers either in
simulated or real world situations, process multiple information sources, have supervisors who act as their
guides, and are regularly involved in formative and peer based evaluations. The PhD (like PjBL) is concerned
with case specific understanding and outcomes and often results in improvements to or the creation of
practical products or processes. The main purpose of the PhD is to come up with applicable results. The
organising principle of the PhD process is an hierarchical project management structure with the Research
Office and Dean of Research managing the bureaucratic side of the PhD and the Supervisor taking care of
managing the particular project that his or her students are working on according to a strict framework and
timeline. Finally there is no other form of education at the university that is more student centred.

3 Methodology

The purpose of our research was to better understand the PhD process as a form of project based learning by
focusing on key elements in each. These included including project management, teamwork, the role of
supervisor and student, effective communication, ethical and professional behaviour and evaluation and
assessment. We used Flanagan’'s Critical Incident Technique (CIT) to gather and analyse data which were
collected during professional development courses for supervisors over a five year period at a prominent
European university of technology. In addition to our research aim there was also a pedagogical purpose for
getting the participants to write the incidents. The aim of the courses were inform participants about rules and
regulations, encourage networking and to provide the supervisors with an analytical, critical reflective tool that
they could use to improve the doctoral experience. The incidents became the basis for small group discussions
on issues deemed important by the participants. The plenary session, facilitated by the course leader (the first
author) provided a forum for sharing key issues and obtaining information and help with matters of concern.
The participants wrote the incidents prior to class. As we note above we generally asked them to write down
something memorable about their PhD experience either from their current perspective as a supervisor or as
a former PhD student. To help prod their memory we suggested that the incident could be either positive or
negative and might relate, for example, to issues or problems that arose in the areas mentioned above. Fifty
three incidents were randomly chosen from three hundred incidents, using the length of the written incident
as a randomizing factor. The incidents were then analysed to determine common themes and issues. In
Flanagan’s critical incident technique (1954) the key steps in using the technique are to define the general aim
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of the activity being investigated, specify the way in which the incidents are to be collected, and then categorize
and analyse the incidents according to a predetermined set of criteria. The results are presented in a report
that clarifies the research method and indicates any limitations that were imposed on it (Christie and Young,
1997).

Our general aim is best summed up by the title of this paper. We wanted to know what are some of the key
issues affecting the quality of project management at the supervisory level in the PhD process, a process that
we defined as a type of PjBL. In analysing the data we used the professional and personal attributes list from
the Stage One Competencies and Elements of Competencies developed by Engineers Australia as a way of
determining when an incident provided evidence of good versus poor project management. Our thesis is that
a good quality project manager or supervisor of the PhD process should ideally be able to display the six
behaviours in that list. We have numbered them again below using a C to show that they refer to a competency
or element of a competency. In our analysis of the incidents each narrative was read carefully to determine if
it related to any of the six competencies. Since the narratives could address both manager or student behaviour
and deem it as positive or negative we used the abbreviations MC and SC followed by a number and a plus
and/or minus sign to code the type of behaviour that occurred in each of the incidents. By using the list below
we were able to make a number of conclusions about the key issues that were of concern to 53 supervisors of
PhD students, who we argue, are engaged in a learning process that can be characterised as an extended
project based learning project. Those concerns relate to the following desirable attributes that professional
bodies of Engineers around the world expect that an engineering graduate, let alone a qualified and
experienced engineer who supervises engineering PhD students, should possess:

C1. Ethical conduct and professional accountability

C2. Effective oral and written communication in professional and lay domains
C3. Creative, innovative and pro-active demeanour

C4. Professional use and management of information

C5. Orderly management of self, and professional conduct

Cé6. Effective team membership and team leadership

The more the above criteria were addressed in a positive manner in an incident the higher it rated as an example
of quality management and vice versa. Naturally each incident had a specific focus and commonly related to
only one or two types of behaviour. The limitation in our methodology was that judging the categories
addressed in each incident was carried out by the authors alone. With more funding it would have been
possible to employ the Delphi Method whereby a panel of experts judged the incidents independently over
two rounds, thereby providing a more objective assessment of the categories evident in each incident. Even so
a certain degree of subjectivity is inevitable especially when incidents generally involve the behaviour of at
least one supervisor and one student but typically can include co-supervisors and more than one student
depending on the composition of the research team.

Judging the most relevant competency expressed in the incident is also difficult. For example one incident (no
31), told from a student perspective, dealt with how a mature student's positive progress in the PhD was
derailed by a difficult divorce. Because of the supervisor's active, intuitive and timely intervention the student
was able to regain focus and finish the PhD. The supervisor's management of this situation could be seen to
cover all six of the desirable professional and personal attributes mentioned above. However some might
question if it is the role of a supervisor to provide such support to a student whose problem is personal rather
than an academic while others could argue that because the student’'s divorce and its consequences was
adversely affecting the PhD process it was up to the supervisor to step in. It might have been enough to
recommend an expert counsellor rather than intervene. In another incident (no 34) a principal supervisor who
was very good at the job was promoted and did not have the time to supervise as well as was required. This
was never really acknowledged or communicated to the student. Again this situation demonstrated a lack of
many of the criteria mentioned above. In this instance we were guided by the narrator's own assessment of
the incident. Remembering this situation as a student the participant said: ‘| was not really angry about my
supervisor's “absence” — at least | had my co-supervisor and myself. What made me angry was that the
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supervisor never said that he hadn’t time to read the paper and that he was not well prepared for the meetings,
i.e., the main problem was the lack of open and clear communication’. Interestingly this negative experience
had a positive outcome. The narrator of the incident said that because of the principal supervisor’'s lack of
interest: 'l became a very good project manager even if the time for “real” research got more limited'.

When the participants wrote incidents from a supervisor's point of view their memory of the incident was fairly
recent. When they, on the other hand, wrote an incident from their time as a PhD student, there is a greater
chance that the story has been rehearsed in their mind and that details have been lost or altered. This is a not
a problem if we maintain, as we do, that the incidents are individual perceptions of what occurred rather than
an objectively recorded event that endeavours to capture an historical truth.

4 Results

The results of the analysis are given in the table 2 below:

Table 2. Incident number, description and the competencies, both positive and negative, demonstrated by the incident.

No of Incident

Description and coded competencies

Incident 1

Incident 2

Incident 3

Incident 4

Incident 5

Incident 6

Incident 7

Incident 8

Incident 9

Incident 10

Incident 11
Incident 12
Incident 13
Incident 14
Incident 15
Incident 16
Incident 17

Incident 18
Incident 19

Giving and receiving feedback on presentations. Defensive and offensive student
response to constructive feedback on presentation. SC4-

Giving and receiving feedback on writing. Being aware of one’s body language and
how students can be sensitive to it in critiquing their work. MC2+, MC5+

Creative criticism. Breaking a negative cycle in the collaborative writing of a
publication (co-supervisor, supervisor plus 3 students). MC3+

Co-supervision and cooperation. Male student picks male co-supervisor’'s plan over
female co-supervisor's. Female supervisor wonders why. MC5+, MC6-

Freedom to research. External funding and need for results means co-supervisor does
work while student on parental leave. MC1-, MC2-

Forced student collaboration. Creative solution to problems in paired project. MC3+
Misunderstandings about a co-supervisor's desire to be involved with the student’s
PhD research - student concern about the first author ‘problem’. No early or clear
communication about the problem. MC2-/SC2-, MC5-/SC5+

One-way communication in a vital introductory discussion concerning a PhD project.
Body language being misinterpreted. MC2-/SC2-

The supervisor's need for a balance between being directive or letting the student
decide key issues. Advice not taken. A gender issue? MC2-/SC2-

The supervisor's responsibility to ensure that the PhD student’s work is original. The
promising Diploma work is not so promising as an extended work and original paper
because of previous publications that come to light. MC2-, MC4-

Failing to get through to a student. Student blames himself and refuses help. SC2-,
MC5+

Credit for work done. The first author dilemma. MC1-/SC1-, MC2-/SC2-

Publishing pacts. MC1-, MC5-

Winning the confidence of one’s PhD student in an unstable environment. MC5+,
SC2-

Keeping secrets to protect ‘the innocent’. What do students need to know about
inappropriate behaviour on the part of supervisors. MC1+/-, MC5+/-,

Two types of PhD student motivation and ways of enhancing them: a) an interest in
the field (quality) and b) generating results (quantity) MC3+, MC6+

Answering questions on behalf of less experienced co-workers. MC2+,MC6+

The danger of bending rules. Losing one's temper. MC1-. MC5-

The importance of careful recruitment and early intervention when things go wrong
with a PhD candidature. SC1-, SC5-
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Incident 20
Incident 21
Incident 22
Incident 23

Incident 24
Incident 25

Incident 26
Incident 27

Incident 28
Incident 29
Incident 30
Incident 31
Incident 32
Incident 33
Incident 34
Incident 35

Incident 36
Incident 37

Incident 38
Incident 39

Incident 40
Incident 41
Incident 42
Incident 43

Incident 44

Incident 45
Incident 46

Incident 47

Incident 48
Incident 49

Incident 50

Incident 51
Incident 52

“ME,

Walk a mile in the PhD’s shoes. Changing demands of the PhD. MC2-/SC2-, MC3-
/SC3-

Who should help the inexperienced supervisor understand her/his role and how to
do it best? SC3-, SC5-

Negotiating and accommodating different supervisor and student ‘research
horizons'. MC4+, MC6+

Early intervention can alleviate disputes over research ideas and authorship of articles.
MC1-, MC5-, MC6-

Not reading early drafts well enough. MC5-, MC6-

Being aware of the complexities of supervising interdisciplinary research without
being too frightened to attempt it. MC4-, MC6-

Making sure you listen to all sides of the student story M&SC2-, MC6-

When communication gets difficult between supervisor and student a neutral
observer can help. MC2+, MC5+, MC6+

Student perspective on disagreement among supervisors. Co supervisor was right
about inappropriate topic. MC6-

Scientific cultural differences among supervisors — from a student perspective. MC6-
Troubles with a sick supervisor who seems to lack academic judgement. MC5-, MC6-
Support from the research group in hard times. The importance of solidarity among
the team. MC6+

Seeking advice in planning the direction of cross disciplinary research. MC6+

How not to supervise a PhD — minimal and negative supervisor input. MC6-

Learning from the mistakes of others. Engaging your students so that they do not
suffer the sort of neglect you experienced as a PhD student. M&SC2-, MC6-

Lack of supervision and the failure to communicate that there would be little time to
read papers or supervise. MC2-, MC5+, MC6-

Communication breakdown between supervisor and PhD student. MC2-/SC2-

Using colleagues and fellow students to overcome difficulties as a PhD student.
MC6+, MC5+/SC5+, MC2+

The importance of collegial communication when recruiting new students. MC2-
The importance of supervisor-student communication when submitting the PhD
thesis. MCé6-

The first author problem - tradition and power versus ethics. MC1-, MC2-

Who has the responsibility for deciding who should be first author? MC1-, MC2-
Being assertive as a PhD student when a supervisor acts inappropriately. MC1-, MC3-
, MC5-

Appropriate and inappropriate ways to give feedback. A supervisor's power is to be
used (wisely) not abused. MC2-, MC6-

Being ready to call in outside expertise when a difficult supervision situation calls for
it. MC3+, MC4+

Standing up to one’s supervisor on the issue of authorship. MC1-

The importance of encouraging student initiatives, and in particular, those that help
build a collaborative spirit within the research group. SC3+, MC6-

The art of finding good problems to solve. Should PhD students be trained for this?
SC3+, SC4+, MCe6-

The responsibility of giving constructive, timely feedback on drafts of the thesis. MC2-
The importance of building rather than undermining the self confidence of students.
MC5+

The importance of supervisors providing genuine academic critique of their students’
work. MC3-, MC6+

The need to encourage students to be self critical about their own work. MC2-, MC6-
How not to manage and supervise an industry related project MC3-, MC5-, MC6-
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Incident 53 Consistency in supervision even when you happen to be promoted. MC5-, MC6-

Sinclair's report (2004) argues that in Australian universities at least supervision in the natural sciences appears
to be more successful than in the Social Sciences and the Humanities. He uses completion figures to support
his argument. He also points out that Postdoctoral positions are more common in the Sciences and that this
leads to more experienced younger supervisors in the natural sciences. He goes on to argue that competent
young co-supervisors and a teamwork ethos can partially explain the 25% difference in completion rates
(Sinclair, 2004, 24). Although our research cannot be compared with Sinclair’s large survey it does suggest that
there might be a less positive sides to supervision in the natural sciences. Younger supervisors are often more
active because the team leader (generally a Professor and, on paper, the principal supervisor) is too busy
seeking funding and building networks and as a consequence may not have time left over for hands-on
supervision or laboratory work (Christie and Garrote, 2013).

This is borne out by a number of incidents in our study that revolved around the fact that senior supervisors
did not give sufficient support, knew little about the specific areas that individual students were working on,
or, in the worse cases, ignored students except when they wanted their name, or a friend’'s name, on a
publication (incidents 3, 13, 21, 22, 23, 30, 33, 37, 39, 40, 53). This project was initiated in order to improve the
conduct of a course in supervision and, hopefully, disseminate research results that could help others improve
similar courses. The authors were interested to find out to what extent supervisors felt that the quality of
project management or supervision matched the specified competencies for professional and personal
attributes as laid out in the Stage One Competencies and Elements of Competencies of Engineers Australia
(2005 & 2011). Table 3 below provides a summary of issues that concerned the participants both as supervisors
and former PhD students.

Table 3. Quantitative summary of competencies revealed in the incidents.

A: From a Manager/Supervisor (M) perspective

Competency C1 C2 C3 C4 C5 Cé
MC+ 1 4 2 2 6 4
SC+ 0 0 0 0 1 0
MC- 6 7 1 3 4 6
SC- 2 8 2 1 2 0
Subtotal A 9 19 5 6 13 10
B: From a PhD Student (S) perspective

MC+ 0 4 3 3 2 5
SC+ 0 0 2 1 1 0
MC- 4 13 4 3 7 12
SC- 0 9 1 1 0 0
Subtotal B 4 26 10 8 10 17
Subtotal A 9 19 5 6 13 10
Total 13 45 15 14 23 27

5 Conclusions

This project was initiated in order to improve the conduct of a course in supervision and, hopefully, disseminate
research results that could help others improve similar courses. Our research showed that an analysis of the 53
incidents revealed that the most common issues in terms of positive and negative managerial/supervisory
competencies were in the area of communication(45), with effective team membership and team leadership
being the second most common (27). A clear third related to the orderly management of self and professional
conduct (23) with the other three competencies, namely, creative, innovative and pro-active demeanour (15),
professional use and management of information (14) and ethical conduct and professional accountability (13)
being almost of equal importance. Unfortunately there were more examples of negative than positive
behaviour in relation to the six competencies. In the case of ethical and professional behaviour (C1) there were
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12 negative versus 1 positive example; for effective oral and written communication in professional and lay
domains (C2) there were 37 versus 8; in the area of creative, innovative and pro-active demeanour (C3) there
were 8 versus 7; for professional use and management of information (C4) there were 8 versus 6; in the area of
orderly management of self, and professional conduct (C5) there were 13 versus 10; and, for the last
competency of effective team membership and team leadership (C6) there were 18 versus 9. What is significant
in the case of first competency is that almost all of the incidents that dealt with unethical and unprofessional
behaviour were connected to disputes over authorship of papers. Finally there were some clear differences
between the incidents told from a current supervisor perspective and those that were remembered from the
time when the supervisors had been PhD students themselves. The most obvious was that issues relating to
the competencies of effective oral and written communication (C2) appeared in incidents told from a student
perspective 26 times versus 19 from a supervisor perspective, and, in the case of effective team membership
and team leadership (C6) there were 17 versus 10 references. Since the repercussions for poor communication
and team leadership are most likely to adversely affect students more than supervisors it is understandable
that students desire both clear communication and good team leadership on the part of those who manage
their project based learning.

This case study has shone light on a wide variety of issues that need to be addressed in the PhD process if it is
to function as an effective form of Project Based Leaning. Given that the relationship between project managers
or supervisors and their PhDs is meant to be collegial, at least in the European tradition, it was surprising to
see a large number of incidents that were related to power issues between co supervisors, between students
and their supervisors and among the students themselves. In some of the incidents issues of sexism arose as
well as cultural differences, both in terms of one’s discipline and ethnic background. Many incidents revolved
around a lack of support for the PhD student. It would be useful if future research on this topic obtained critical
incidents from current PhD students who are at different stages of their candidature since not only do different
types of students need different sorts of support but also the level of support can change depending on the
stage of the PhD. A comparison between the number and type of incidents from current students and
supervisors, as opposed to incidents that are remembered by supervisors from their own time as students,
would also improve any future study. A very satisfying aspect of this study was that it not only gave us new
insights into the engineering PhD as a form of project based learning but it was also efficacious for those who
participated in the research. The discussions that followed the narration of the incidents in both the small
groups and the subsequent plenary sessions were robust, informative and, according to the participants
themselves, extremely helpful as a professional development exercise.
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Abstract

Chalmers University of Technology (Chalmers) has joined the MOOCs movement and is from 2014 a partner of the edX
platform. The first MOOC that Chalmers offered (2015) was a course about the material graphene “Graphene science
technology”. The second MOOC offered at Chalmers was the MOOC “Sustainability in everyday life” (2015). This year 2016
Chalmers University of Technology is offering a MOOC “Sensing the planet”. This MOOC is an energy and earth science
course in two parts which aims at answering questions like What do your senses tell you about planet Earth? and Do we
know enough about our planet? The aim of this paper is to report from Chalmers experiences of, and research on MOOCs
and to discuss how MOOCs can be used to support active learning in engineering education. If we think of active learning
as an approach to instruction in which students engage the material they study through reading, watching, listening,
writing, discussing and reflecting it is natural to think of a MOOC as a valuable resource for active learning. Chalmers’
research regarding MOOCs is presented and discussed. Chalmers conducts a strategic venture with MOOCs, opening for
enhanced cooperation with other universities to achieve high quality in online web-based education, both on campus and
at a distance. Chalmers basic assumption is that MOOCs of good quality, pedagogically well-planned and with engaging
learning resources should have the potential to support active learning in engineering education. Several other universities
in Sweden and the Nordic countries are now offering MOOCs and explore the opportunities and challenges with MOOCs.
A conference "MOOCs in Scandinavia" was arranged in Stockholm 11 - 12 June 2015 (Karolinska Institutet, 2015). The 2nd
MOOCs in Scandinavia Conference, June 9-10th 2016, is arranged by Chalmers University of Technology in Gothenburg.

Keywords: Active Learning; Engineering Education; MOOCs; blended learning; ICT.

1 Introduction

For a number of years higher education institutions in many countries have been offering open online courses
that are freely available on the Internet, known as Massive Open Online Courses, MOOCs. Anyone with access
to a computer connected to the Internet can take part in these courses. The international pace of development
and interest in MOOCs is substantial. The number of MOOCs has increased dramatically in recent years (Open
Culture, 2016; Open Education Europa, 2016; Bates, 2015). MOOCs of today deliver high quality content from
some of the world’s best universities for free to anyone with a computer and an Internet connection.

A MOOQOC is open with no barriers to entry or leave and there is no limitations in number of students. A MOOC
is flexible in time, place and resources. It gives the participant possibility to choose between learning resources
and to make own choices how to learn and engage. A MOOC is often organized with video lectures, quizzes,
dialogue, interactivity through questions and discussion forums. MOOCs has also been reported as interesting
for research communication, continuing education, lifelong learning among people, for increasing visibility,
marketing and recruitment. Additional aspects on the impact of MOOCs is the possibility to support
international collaborations and cross-cultural issues.

In several countries, as in Sweden, higher education is provided free of charge and Internet-based distance
teaching and learning has been an established phenomenon for many years. In Sweden higher education offers
a wide range of freestanding courses which can be studied in the context of lifelong learning. Continual
professional development and other forms of continuing education therefore form part of the normal higher
education system in Sweden and are, according to the legislation, free of charge. Higher education in Sweden
is thus already relatively open and flexible.
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Chalmers has joined the MOOCs movement and is from 2014 a partner of the edX platform (edX, 2016)
Chalmers offered two MOOCs in 2015 and is offering two new MOOCs during 2016 and another new MOOC
is planned to be released autumn 2017. The hypothesis is that MOOCs of good quality, pedagogically well-
planned and with engaging learning resources have the potential to foster active learning.

This paper reports from and discusses the Chalmers experiences, challenges and future plans for using MOOCs
to support active learning. Chalmers University conducts a strategic venture with MOOCs to gain further
experience in developing, implementing and evaluating methods for teaching and learning within the MOOC
format. At Chalmers there is an expressed need to focus even more on quality and modernization that meets
expectations of individualized education and to develop the pedagogy in existing courses using modern
educational technology and Internet in MOQCs, blended learning, flipped classroom and other innovative
forms of education. Chalmers has a desire to, in a greater extent than today to become a modern edge cutting
technical university with a global view on education and opening for enhanced cooperation with other
universities to achieve high quality in online web-based education.

From a higher education perspective - pedagogical perspective - there are clear benefits for universities to
work with the MOOCs concept. Spread of knowledge and marketing MOOCs contribute to the development
of pedagogy for online education and teachers involved will learn and improve skills for educational
development and blended learning. Knowledge of how students learn will increase from studies on students’
learning online which can be used in research on web-based teaching and learning. MOOCs also contribute to
the development of technology in education. The technology level in a MOOC must be relatively high
compared to conventional online courses enabling technological and methodological development. The
underlying web-based technology contributes to the development of pedagogical methods of on-campus
education and in blended learning (Bates, 2015). This is in consistency with other studies for example Garrison
(Garrison, 2004) who concludes that blended learning is consistent with the values of traditional higher
education institutions and has the proven potential to enhance both the effectiveness and efficiency of
meaningful learning experiences.

The research question is how MOOCs — but also other web-based forms for teaching and learning; blended
learning, flipped classroom etc — can foster active learning. Pedagogical aspects on the use of MOOCs are
discussed and the paper tells about ongoing development and research at Chalmers regarding web-
based/online teaching and learning including MOOCs and blended learning.

2 MOOCs at Chalmers University of Technology

The 1st MOOC that Chalmers offered (2015) was a course about the material graphene “Introduction to
Graphene Science and Technology”. The background to developing this first Chalmers MOOC offered globally
is that Chalmers is the coordinator of the Graphene Flagship in EUs huge research init