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WELCOME ™ AAEE 2017
28™ AUSTRALASIAN ASSOCIATION 2% ENGINEERING EDUCATION (AAEE) ANNUAL CONFERENCE

WELCOME MESSAGE FROM THE GENERAL CHAIR OF AAEE 2017, PROFESSOR GRAHAM TOWN

On behalf of the Organising Committee, and Macquarie University’s School of Engineering, it is with great pleasure that |
welcome you to the 28" Annual Conference of the Australasian Association for Engineering Education.

Engineering is a discipline for the 21st century, combining a range of technical competencies and practical skills with a
systems approach to problem solving that enables engineers to shape not only technology, but also society.

The theme of this year's conference is “Integrated Engineering”. It refers not only to the combination of theory and
practice characteristic of engineering training, and encompasses more than the

well-balanced set of technical skills and professional attributes expected in
modern engineering graduates. The theme also refers to the need to train
engineers who are willing and able to share responsibility for guiding the
world in which they live through the major challenges facing society in the
21t century.

Engineering educators have an important role to play in ensuring
that engineers become more representative of, and more engaged
with, the diverse societies of which we are part - the influence
of the role models we provide and the patterns of behaviour
we encourage in our students continues long after their
graduation.

| trust that this year’s AAEE conference will again provide
a great forum for sharing ideas and provoking actions so
that we, as engineering educators, can ensure graduate
engineers are well integrated, in every sense of the word.

PROFESSOR GRAHAM TOWN
General Chair — AAEE 2017
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WELCOME

WELCOME FROM THE PROGRAM CHAIRS OF AAEE 2017

Greetings.

This year’s conference is an exciting event for us as Macquarie University is hosting this
conference for the first time in the 28 years of AAEE history. Macquarie Engineering

has experienced an accelerating growth in recent years and to continue its growth
in major engineering fields, the School of Engineering was launched recently.

We would like to express sincere gratitude to the
Faculty of Science and Engineering and the School
of Engineering for continuous support since the
beginning of this journey.

143 full papers are to be presented at this year’s
conference in 27 parallel sessions in addition
to 13 workshops, 3 keynote lectures,
one special guest lecture and one panel
discussion. All papers are varied on a range
topics based on the five sub-themes (C1, C2,
C3, C4 and C5) and three focus sessions (S1,
S2 and S3).

Thanks to the Program committee for reviewing
more than 200 abstracts and proposals. 14 abstracts
were rejected at the initial stage, and 5 were rejected
at full paper stage. About 20 papers were withdrawn. Thanks to the Technical
Program Committee for providing 283 reviews on about 150 full papers. Thanks to
all the authors, who put up with us and 4000 emails through Easychair.

All keynote lectures are very well aligned with the conference theme. And we are sure
the panel discussion on “Directions for Engineering Education: the Engineers of 2035”
will excite us all.

We would like to thank all the session chairs and focus session facilitators for their time
and effort in planning and delivering their respective sessions. We would like to express
our gratitude to the keynote speakers for taking valuable time off from their busy
schedule and attending this conference to share their valuable insights.

We hope the conference will be a memorable one and we look forward to meeting
you all at the AAEE 2017 at Novotel Manly in Sydney.

Sincerely,

DR NAZMUL HUDA (PROGRAM CHAIR)
DR DAVID INGLIS (TECHNICAL CHAIR)
DR NICHOLAS TSE (PROGRAM CO-CHAIR)

AAEE Conference 2017
School of Engineering, Macquarie University
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KEYNOTE SPEAKER ABSTRACTS

Integrative practice in the making of a 21st century graduate

LINDIE CLARK - Academic & Programs Director, Professional and Community Engagement,
Macquarie University

lindie.clark@mag.edu.au

Universities, graduates, industry and communities face complex challenges and opportunities in a
fast-paced, disruptive, globalized world. Increasingly precarious employment futures, profound digital
transformation, cultural and political fragmentation, and seemingly intractable environmental and social
challenges constitute the dynamic landscape that our students have to negotiate both during and beyond
their time at university. For us as educators, however, the key challenge we face in such circumstances
remains the age-old one: how best can we support students to develop the capabilities that will enable them
to lead meaningful, rewarding and socially productive lives? While the challenge remains the same, the means

through which we address it requires a fundamental rethink. In this Keynote Address | argue that a commitment to integrative practices — the
underlying theme of this 28th conference — must be at the heart of our collective response.

In what sense “integration”? There are a number of dimensions to consider. Universities operate on tripartite missions: research, teaching, and
public service (Furco 2010; Sachs & Clark 2017). Ramley (2014, p. 9) makes the case for the power of engagement — across and between
universities and communities — as ‘a strategy for linking scholarship and learning to the improvement of life in the community’. In other words,
university-community engagement is an integrative force that can unite the three dimensions of a university’s mission and link them to a
common purpose: addressing the multifarious wicked problems that our communities confront. Doing this, Ramley argues, implies a radical
change in the way in which (most) universities work: it requires higher education institutions, students and communities to forge boundary-
spanning relationships and work together in partnership. For us as educators, this in turn throws up multiple challenges for our curricular and
pedagogical strategies: How best can we (co-)create rich learning experiences that enable our students to develop both disciplinary depth and
the ability to work effectively across disciplinary and sectoral boundaries? How best can we enable and support our students to engage with,
value and integrate different knowledges; to draw on different perspectives and modalities; and to work effectively with others to collectively
define and address complex problems and harness opportunities? University-community engagement — as both a strategy for advancing our
raison d’etre as higher education institutions and as an engine of pedagogical change — is thus the first pillar of integrative practice that | would
like to consider today.

The second pillar is work-integrated learning. Universities across the world are responding to the expectations of governments, employers
and students for the curriculum to better prepare graduates for work through a fuller embrace of work-integrated learning (WIL). WIL is used
to describe a range of experiential education approaches that intentionally connect the education of students to the world of work through
university-workplace partnerships (McRae 2014). As Cooper, Orrell and Bowden (2010, p. 1) argue, the integrative element of WIL is significant
‘because the principal purpose is the nexus of work and learning; each informs and critiques the other’. In other words, WIL is not just our
students learning to work, they’re working to learn. WIL can be a transformative learning experience for students (and indeed community
partners) provided that it is embedded in a rigorous curriculum-enabled learning framework and grounded in tripartite relationships based on the
principles of reciprocity and mutual benefit (Cooper, et al 2010; Sachs & Clark 2017). Done well, WIL not only produces work-ready graduates
who can apply, integrate, consolidate, and challenge theoretical knowledge in practical settings, but (at least) equally importantly, well-rounded
and actively engaged citizens who can critically reflect on and advance the public purpose and social impact of their profession. WIL should
thus be integrative in every sense; in turn, ensuring WIL's integrity requires critical attention to, and integration of, its purpose and the processes
by which it is implemented (Hartley, Saltmarsh & Clayton 2010; Sachs & Clark 2017).

It was with these two integrative agendas in mind that, almost a decade ago, a major curriculum reform and renewal initiative was enacted at
Macquarie University. In this Address | elaborate how, as a research-intensive, comprehensive, metropolitan university, Macquarie responded
to global and local pressures and pedagogical imperatives to develop an undergraduate curriculum that aspires to be distinctive, challenging,
and transformative: one that meets the needs — personal and professional — of students as they transition into a world of complex social and
technological change. In particular | trace the path by which a central plank of the re-imagined curriculum, a community-engaged experiential
learning program called PACE (Professional and Community Engagement) was conceived and implemented across the institution. Founded
on the principles of reciprocity, the aspiration of PACE is for the students and faculty of the University to contribute more deeply and broadly to
the work of its community partners. In this Address | explore key dimensions of the PACE program, including challenges faced in embedding it
institution-wide, with particular attention to how PACE has impacted learning frameworks and experiences in the (now School of) Engineering
at Macquarie.

Some ten years down the track, all Macquarie undergraduates now participate in some form of community-engaged, work-integrated learning
experience through PACE as part of their study programs, but the integrative challenge facing the University is far from over. A range of
quantitative and qualitative evidence suggests that, while PACE has positively impacted the learning experience, engagement, outcomes,
career path trajectories and sense of life purpose of our students, for too many of them PACE comes too late in their degree. (Most PACE units
are taken in a student’s last year of undergraduate studies.) A common refrain from students is that an earlier encounter with practice would
have helped them clarify personal and professional purpose and goals, shaped their choice of major, and more deeply engaged them in their
studies to much greater effect. Similarly, feedback from many community partners suggests that earlier, longer, and repeated WIL engagements
would enable them to better align student placements with their own organizational mission and goals. Which brings me to the third and final
pillar of integration | wish to touch on today: the potential power of a truly practice-based approach to education.

What does it mean for a discipline — for a whole University — to embrace a practice-based approach to education? As Boud (2013) argues, too
often this term is loosely applied to all manner of practice-based activities (internships, service learning, practicums, co-op) without sufficient
critical attention to its three key components, ‘practice’, ‘based’ and ‘education’. “To be practice-based means more than just a course with
“added practice”, he observes (2013, p. 56). Boud argues that basing an education in practice requires a fundamental reconceptualization
of core disciplinary (and interdisciplinary) curriculum and pedagogical practice such that practice (rather than theory) is its central, organizing
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KEYNOTE SPEAKER ABSTRACTS (CONTINUED)

feature. Theory is still an integral part of student learning, to be sure, but that learning takes place in the context of theory’s application, not in
a separate academic domain. Adopting an ontology of practice informed by practice theorists such as Schatzki and Gherardi, Boud frames
a practice-based education as one that actively, systematically and ubiquitously engages students in learning that is embodied, materially
mediated, relational, situated, co-created and emergent. Right throughout their course: not just, as with PACE currently, in their final year.

As we look to the future of both PACE and Engineering at Macquarie, a key priority is to consider how we can more systematically embrace
such a practice-based approach to education in our program design and pedagogy. This aspiration is based on a firm, evidence-based belief
that such an approach will better prepare our students for their professional, personal and interpersonal lives. In doing so we seek to learn from
extant examples of integrative approaches to curricular and pedagogical reform that adopt a practice-based approach to education, many
of which are drawn from the field of engineering and a number of which will be discussed throughout this 28th Conference of Australasian
Engineering Educators. Trevelyan (2010, p. 175) has described the foundation of engineering practice as ‘distributed expertise enacted through
social interactions between people’. To me this phrase also speaks to the sorts of integrative capabilities and social practices that will enable
21st century graduates in (and beyond) any discipline to lead meaningful, rewarding and socially productive lives.

REFERENCES

e Boud, D. (2013). Problematising practice-based education. Practice-based education: Perspectives and strategies. J. Higgs, R. Barnett, S.
Billett, M. Hutchings and F. Trede, Springer Science & Business Media. 6: 55-68.

e Cooper, L., J. Orrell and M. Bowden (2010). Work integrated learning: A guide to effective practice. London, Routledge.

e Furco, A. (2010). “The Engaged Campus: Toward a Comprehensive Approach to Public Engagement.” British Journal of Educational Studies
58(4): 375-390.

e Hartley, M., J. Saltmarsh and P. Clayton (2010). “Is The Civic Engagement Movement Changing Higher Education?” British Journal of
Educational Studies 58(4): 391-406.

e McRae, N. (2014). Exploring Conditions for Transformative Learning in Work-Integrated Education A Dissertation Submitted in Partial
Fulfilment of the Requirements for the Degree of Doctor of Philosophy, University of Victoria.

e Ramley, J. A. (2014). “The changing role of higher education: Learning to deal with wicked problems.” Journal of Higher Education Outreach
and Engagement 18(3): 7-22.

e Sachs, J. and L. Clark (2017). Imagining a Curriculum for an Engaged University. Learning Through Community Engagement: Vision and
Practice in Higher Education. J. Sachs and L. Clark. Singapore, Springer Singapore: 81-97.

e Trevelyan, J. (2010). “Reconstructing engineering from practice.” Engineering Studies 2(3): 175-195.

SPEAKER BACKGROUND

Lindie Clark is the Academic and Programs Director of Macquarie University’s unique Professional and Community Engagement program
(PACE). PACE provides work integrated learning experiences to all undergraduate students at Macquarie as an integral part of their study
program. Prior to taking up this role she was the Director of the University’s Health Studies program, where she ran a PACE unit for many
years. With two other colleagues, she was awarded an Australian Learning and Teaching Council Citation for ‘Outstanding Contributions to
Student Learning’ for efforts in building Sustainable Work-Integrated-Learning programs in the Faculty of Science. Prior to joining Macquarie
University Lindie worked in a range of regulatory agencies in the health, employment and industrial relations fields. As a Harkness Fellow she
completed a Master of Public Administration at Harvard University’s Kennedy School of Government in the mid-1990s. Lindie is also a Trustee
of the Dusseldorp Skills Forum, a not-for-profit organisation that works to enhance the opportunities for education, skills and employment for all
young people, particularly those who don’t succeed in the ‘mainstream’. Seeing students apply their university learning in real world settings,
and in so doing realise the valuable contribution they can make to the broader community, is one of the most rewarding Learning and Teaching
experiences Lindie has had in her career. PACE extends such opportunities to all Macquarie students.

Collaborative evidence-based program improvement processes in
Engineering

BRIAN FRANK, NATALIE SIMPER, JAKE KAUPP - queen’s University

brian.frank@queensu.ca

Students learn by repeated cycles of completing well-designed tasks, receiving feedback, and reflecting
on both, where the tasks in the engineering context are often reports, case studies, assignments,
projects, and exams. Generally feedback tends to be both developmental, in the form of specific written
or oral comments for improvement, and evaluative in the form of marks or grades assigned to assessment
points. These assessments often drive student learning, and can be designed not only to provide feedback,
but if to provide evidence about how students are learning over time.

We are developing a collaborative approach to assessment provides quality feedback about learning, and assessment to inform program
improvement. We have been doing both research and development into effective approaches that will help departments develop collaborative
assessment processes that directly encourage instructors to think about their teaching, and also provide data to leaders to enable decisions
about program changes for improvement. We are a collaborator in first and second rounds of Ontario’s Learning Outcomes Assessment
Consortium, where recently completed a four year longitudinal study of student learning in critical thinking, problem solving, and written
communication using both standardized tests and non-standardized assessment of course work using generic rubrics. We are studying how

AAEE2017 10-13 DECEMBER 2017  NOVOTEL SYDNEY MANLY PACIFIC, NEW SOUTH WALES, AUSTRALIA

PT



P8

KEYNOTE SPEAKER ABSTRACTS (CONTINUED)

the assessment can encourage instructors and programs to think carefully about their goals and learning environment, and how data provided
to them about their own students can improve course delivery.

We have found that asking instructors to articulate how their assessment meets their own (sometimes unstated) learning goals leads to
very useful conversations, and often changes in delivery. The study has produced key principles for sustainable and usable program-wide
assessment, and a rich understanding of our own student development. We are able to measure student learning over a four year span, and
compare the cost and impact of several approaches.

We are using principles from the change management literature to build a community of practice around assessment, including assessment
facilitators who can work with specific sectors (science, social science, humanities, and engineering) in such a way that their key tasks
deliberately align with their learning goals and can provide data that can be aggregated across many courses and years to understand how
students are learning.

SPEAKER BACKGROUND

Dr. Brian Frank is the inaugural Associate Dean (Teaching and Learning) in the Faculty of Engineering and Applied Science. He received his B.Sc.
(1997), M.Sc. (1999) and Ph.D. (2002) degrees in electrical and computer engineering from Queen’s University in Kingston.

Dr. Frank joined Queen’s in 2001 as a Teaching Fellow in the Department of Electrical and Computer Engineering, progressing through the ranks to
Full Professor in 2016. From 2004-2006, Dr. Frank was an Educational Development Faculty Associate in the Instructional Development Centre,
now called the Centre for Teaching and Learning (CTL). In 2008, he was appointed Director (Program Development) in the Faculty of Engineering
and Applied Science, overseeing curriculum development, assessment and outcomes-related accreditation processes, and education technology.
Dr. Frank was awarded the endowed DuPont Canada Chair in Engineering Education Research and Development in 2010.

Dr. Frank is one of the co-founders of the Canadian Engineering Education Association and over the past five years has coordinated the Engineering
Graduate Attribute Development (EGAD) Project, working with the National Council of Deans of Engineering and Applied Science and the Canadian
Engineering Accreditation Board to develop national guidelines and resources for outcomes assessment in engineering education.

Dr. Frank has been recognized with several awards, including a nomination from Queen’s University for the 3M National Teaching Fellowship in
2016, the Chancellor A. Charles Baillie Teaching Award in 2011, and the 2010 Engineering Society’s Golden Pillar award.

Why do we do engineering?
JAMES TREVELYAN - University of Western Australia

james.trevelyan@uwa.edu.au

Why is it that students find it hard to explain the value of engineering?

Why do most engineers find it hard to explain the value of their work to employers and investors, even
governments? What's the social value contributed by engineers?

These are fundamental questions and students don’t learn answers in their studies.

Why not? A lack of theory makes it hard to teach answers.

Working with Bill Williams in Portugal, James set out to investigate value creation in the engineering enterprise

and together they discovered a major gap in business and economics literature. Engineering value creation has

been associated with innovation and entrepreneurs. However most engineers have few if any innovation opportunities so the means by which
they contribute value is unclear.

Using data from their research studies on engineers over 15 years several countries, they identified many ways in which engineers create and
protect existing value, without any innovation.

Many engineering projects fail because engineers don’t understand how much value is created and protected in seemingly mundane and boring
activities.

In this talk, James will explain their new theory that explains engineering value creation and how educators could make this a part of any normal
engineering coursework.

SPEAKER BACKGROUND

Emeritus Professor James Trevelyan is a practicing professional engineer, engineering educator and researcher with 45 years of experience and
has recently become a start-up entrepreneur. In 2002, he was elected a Fellow of the Institution of Engineers Australia.

He is best known internationally for pioneering research that resulted in sheep shearing robots from 1975 till 1993. He and his students
produced the first industrial robot that could be remotely operated via the internet in 1994.

From 1996 till 2002 he researched landmine clearance methods and since 2002 he has researched engineering practice and recently published
significant new findings in his book “The Making of an Expert Engineer” challenging many conventional assumptions among engineers and
educators. Using his research, James helped define the current professional competency standards used by Engineers Australia.

Professor Trevelyan’s web pages are at:
JamesPTrevelyan.com
www.closecomfort.com

www.mech.uwa.edu.au/jpt
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Multi-disciplinary based learning - Successes of the
Sydney Opera House MADE program

CHRIS ARKINS - steensen varming

chris.arkins@steensenvarming.com

The values of combining academic based learning with practical hands on experience particularly for
engineers is well known. The life lessons | was to learn while undertaking the sandwich course offered
by the University of Technology Sydney at the time, provided skills and experience which has underpinned
my career to date.

As a profession the industry has a responsibility to invest in the education and training of students in addition
to their tertiary based studies. Whilst industry based training is valued, for the Built Environment there are clear
benefits to be gained through a Multi-Disciplinary based experience.

The Sydney Opera House is a great example of what can be delivered by a design team from an idea to a monument of engineering and
architectural beauty. The collaborative spirit and pursuit of design excellence between engineers and architects is what provides the foundation
for the creation of great buildings.

Also known as the Multidisciplinary Australian Danish Exchange, MADE is an extra-curricular program established by the Sydney Opera House
in 2013 on their 40™ anniversary and is offered to Australian and Danish students of architecture, engineering and design,

The aims of MADE are to;
e Promote international and multidisciplinary interaction between students of architecture, engineering and design;
e Foster cultural relationships between Denmark and Australia; and
e Support the knowledge and understanding of Danish architect Jorn Utzon and the Utzon Design Principles

This presentation will provide an overview of the Sydney Opera House MADE program and the positive benefits and experiences we have seen
with the students in the three years the program has been running.

SPEAKER BACKGROUND

Chris is a Director of Steensen Varming, who enjoys the demands that accompany his role in developing and coordinating the delivery of
specialist low energy and sustainable design services across their global studios.

He has a driving passion for sustainable low energy design and introduces innovative solutions that provide the functionality and technical detail
that complement some of the best award winning architecture both in Australia and abroad.

He began his career at Steensen Varming initially as a mechanical engineer and developed his skills in sustainable design some 20 years ago.
Chris manages the regional operations for both Sydney and Hong Kong studios and leads and coordinates Steensen Varming’s commitment to
sustainable design and is a strong advocate to the company’s ethos of delivering designs that are intelligent, valuable and elegant.

Chris lectures at the University of Sydney and University of Technology Sydney and is a mentor and partner of the Sydney Opera House MADE
(Multidisciplinary Australian Danish Exchange) program.

Directions for Engineering Education: the Engineer of 2035

FACILITATOR: ROBIN KING - Australian Council of Engineering Deans
robin.king@uts.edu.au

CONTEXT

The 2035 graduate cohort will start school next year. School education will prepare them for good citizenship and further study and employment,
including in engineering. A 2015 report on Australia’s future workforce identified engineering professionals amongst the jobs “least likely to be
automated” and needing the largest additional proportion (11.7%) to meet Australia’s requirements as a competitive economy by 2035.

Such statements and other indicators should challenge thinking and promote action amongst Australia’s engineering profession and engineering
educators. We know that engineering work is both creating and using more and more automated tools and techniques, as well as developing
and using new (and old) materials and energy sources. Engineers — and others who are educated in engineering — are exercising expertise and
judgement in increasingly complex projects across a wide range of areas of the economy. Globalisation offers unprecedented opportunities for
engineering innovation and enterprise.

We also know that the employment rates for Australian engineering graduates have dropped in recent years while employers’ demand for
experienced engineers has increased. The proportion of engineering commencers in the first degree domestic total has not grown over the
last decade, and within the engineering cohort, the proportion of women has increased only slightly, to almost 16%. The numbers of Australian
engineering professionals taking up advanced technical studies (as opposed to courses in project management) is quite low.

Past reviews of engineering education in Australia have reported that the system delivers broadly fit-for-purpose entry-level graduates for
professional engineering practice. Over the past two decades Australian engineering education has been improved by having greater explicit
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outcomes-focus and using stronger student-centred pedagogies. At the same time, as noted earlier, low participation of women persists.
Relatively low levels of engagement with engineering practice in many programs probably contribute to employers’ concerns about graduates’
employability skills. Programs remain bound to traditional areas of practice, and offer limited opportunities for graduates to gain interdisciplinary
knowledge and perspectives sought by some employers and commentators. New educational technologies challenge current practices.

APPROACH

The Australian Council of Engineering Deans (ACED) is proposing to undertake a review to examine strategically the challenges and opportunities
for engineering education for “The Engineer of 2035”. This session of AAEE-2017 is a prequel to this review and will provide an opportunity for
Australia’s engineering educators to raise and discuss key issues of concern in shaping the future directions for engineering education.

The plenary session will commence with short statements from each member of a panel of four distinguished engineers, all with industry and
academic experience and high standing in the professional engineering community. This will be followed a Q and A session for conference
participants to raise key issues.

FACILITATOR'S BACKGROUND

Emeritus Professor Robin King is a consultant with the Australian Council of Engineering Deans. He previously served as ACED’s executive
officer and led several engineering education projects, including the 2007-8 review of engineering education. Robin is past chair of both
Engineers Australia’s Accreditation Board and the Sydney Accord. Robin practised communications engineering in industry and several
universities, and was PVC for IT, Engineering and the Environment at UniSA during 1997 to 2007. He has been involved with AAEE since 1989,
and is a Fellow of the Academy of Engineering and Technology (ATSE).

PANEL MEMBERS’ BACKGROUND

Professor lan Burnett has been Dean of the Faculty of Engineering and Information Technology at UTS since December 2014. Specialising
in signal processing engineering, he has worked at GEC-Marconi, Vodaphone and Motorola, and at the University of Wollongong and RMIT.
From 2003-2007, lan was Australian Head of Delegation at the ISO/IEC standardisation group MPEG, where he also chaired the Multimedia
Description Schemes subgroup. He continues to be actively involved in ISO/IEC SC29, the host committee for the MPEG and JPEG families of
standards. lan is Deputy President of ACED.

Professor Kourosh Kayvani is Managing Director — Design, Innovation and Eminence, Aurecon. In his 28 years in the industry, he has played
key roles in engineering of many award winning projects across the globe. In 2006, at 39 years of age, he won the prestigious IABSE Prize from
the International Association for Bridge and Structural Engineering for his work on long span structures worldwide. He was listed in Engineers
Australia’s Top 100 most influential engineers in 2009 and won the prestigious John Connell Gold Medal from EA’'s Structural College in 2016,
and was elected a Fellow of ATSE in 2017. Kourosh has held Professorial appointments at University of Sydney and UNSW for the last 10 years.

Mary-Anne Stuart is the Principal Electrical Engineer at H.l. Fraser. Her career has taken her all over Australia in Electrical, Chemical and
Mechanical Engineering and Management. She is passionate about supporting women in engineering throughout their lives and as the Engineers
Australia Women in Engineering Outreach coordinator, Mary-Anne runs the annual Experience It Student Conference for Girls in Years 9-11
with 8 universities in NSW and the ACT She also teaches Leadership and Ethics at UNSW and is a mentor to female undergraduates at UTS
and UNSW. Through EA WIE, she also mentors qualified engineers. She was recently elected a Fellow of Engineers Australia and is currently
studying a Masters of Engineering Science in Sustainable Systems at UNSW.

Emeritus Professor Elizabeth Taylor is a civil engineer with design and construction management experience. She worked in academe for
many years and presently is a consultant to Charles Sturt University and the Department of Defence. Elizabeth is Chair of RedRAustralia, a
humanitarian NGO, and RedRlInternational. She also chairs Engineers Australia’s Accreditation Board and is Deputy Chair of the Washington
Accord. In 2004 Elizabeth was appointed an Officer of the Order of Australia. She is an ATSE Fellow.
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Innovative education.
Pioneering research.
Visionary engineers.

DEVELOPING MODERN ENGINEERING SOLUTIONS
FOR THE CHALLENGES OF TOMORROW

GROUNDBREAKING LEARNING AND RESEARCH
Ambitious and talented engineers are invited to join
our innovative masters or PhD research programs.
Specialisations include:

Professor Darren Bagnall
DEAN, SCHOOL
OF ENGINEERING

- biomedical imaging and sensing
- future wireless networks
- optical and photonics engineering
power electronics and electrical engineering
- reconfigurable electronics and antennas
- sustainable energy systems engineering.

For information about research and study visit
ask.mq.edu.au

Engineering at Macquarie University OUR PARTNERSHIP. YOUR ADVANTAGE
Visit the new School of Engineering to see how your

Is entering a new era with the organisation, as an industry partner, can be at the
launch of the School of Engineering. forefront of engineering innovation. You’ll have access

Focused on cutti ng—edge programs to pioneering solutions, as well as the opportunity to
di tion in ed i collaborate with leading minds, to develop exceptional

anainn Ova. lonine gca lon, engineers and to facilitate world-class research.

the schoolis und erpinn ed by For information about industry partnerships

new state-of-the-art facilities. phone 02 9850 9148.

MACQUARIE
University
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— 5.30pm-7.00pm Pre-conference Registration Conference Foyer E
6.00pm-8.00pm Welcome Reception Conference Foyer

N /4 X o A A -

DAY 1: MONDAY 11™ DECEMBER 2017

Opens 8.30am conference registration and information desk Conference Foyer

. 2 Welcome to Country by Karen Smith The Grand Ballroom
$ g
\ =
A (<2

b > Welcome by Conference Chair - Professor Graham Town The Grand Ballroom
| 9.00am-9.40am ftzn

= ]
§ Opening by Professor S Bruce Dowton The Grand Ballroom

(vice Chancellor, Macquarie University)

Lindie Clark (Academic and Programs Director, PACE, Macquarie University) -
“Integrative practice in the making of a 21st century graduate” The Grand Ballroom
Chairperson - Professor Graham Town

.| 9.40am-10.25am

Keynote
presentation

10.25am-10.30am Delegate’s group photograph The Grand Ballroom

\ 10.30am-11.00am Morning Tea
Parallel sessions
Clarendom Room Norfolk Room Cutler Room Barton Room Clontarf Room /

Workshop 107: Sharing
_— Intro-Circuits Teaching
Cﬁgﬁu; gﬁﬁzltoannmsgle Experience for Innovative
Chair: L. Johns-Boast ’ Practice - David Lowe,
Roger Hadgraft and Xi Jin

Parallel session: M1A, Parallel session: M1B, Parallel session: M1C,
1.00am-12.30pm Theme: C1, Theme: C1, Theme: C2,
Chair: M. Symes Chair: A]. Hunter

12.30pm-1.30pm unch Break

Workshop 73:Planning
Engagement with
Parallel session: M2A, Parallel session: M2B, Parallel session: M2C, Parallel session: M2D, Professional Practice
1.30pm-3.00pm Theme: C1, Theme: C1, Theme: C2, Theme: C4, throughout the Program

Chair: M. ]ollands Chair:]. Swan Chair: M. Marcus Chair: C. Whittington - Sally Male, Doug

Hargreaves and David
. Pointing

3.00pm-3.30pm Afternoon Tea

Parallel session: M3A, Parallel session: M3B, Parallel session: M3C, Parallel session: M3D, WO”‘.S'?““ i Integrat|ng

Creativity Into Curriculum:

_ | 3.30pm-5.00pm Theme: C1, Theme: C1, Theme: C3, Theme: C4, Let Us Listen To Students

Chair: R. Goldsmith Chair: M. Al-Rawi Chair: G. Miao Chair: C. Kutay _ louri Belski

5.00pm-5.15pm Day1Closing

/ \ y /

/ X f
\ /
/ / . ; =

/
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DAY 2: TUESDAY 12™ DECEMBER 2017 =

Opens 8.30am Conference registration and information desk Conference Foyer

Professor Brian Frank (Queen’s University, Canada) - “Collaborative evidence-based .
program improvement processes in Engineering” g

Chairperson: Professor Darren Bagnall /

The Grand Ballroom H

9.00am-9.45am

Keynote
Presentation

Chris Arkins - “Multi-disciplinary based learning - Successes of the Sydney Opera
House MADE program”
Chairperson: Professor Darren Bagnall

9.45am-10.15am

Special
Guest
Lecture

The Grand Ballroom

10.15am-10.40am Morning Tea
Parallel sessions
Clarendom Room Norfolk Room Cutler Room Barton Room Clontarf Room

Workshop 90: Resources

Workshop 236: Integrating for developing a

sustainability into Management System for

engineering education via . S .
project based curricula: Paralﬁ?g;sg;n.ﬂﬁ, Focus session: T1S2, E{;,f;gg;”_”g;?gﬁ%&“
a national sustainability Chair | Si(inﬁer Chair: G. Cascini E TR e g

competition - Michele o i ¢

Rosanoa, Roger Tiffany Gill, Bouchra

Senadji and Elisa
Hadgraftb, and Sally Male Martinez Marroquin

Parallel session: T1A,
10.40am-12.10pm Theme: C1,
Chair: B. McBride

12.10pm-1.30pm Lunchin Conference Foyer and AAEE AGM in Cutler Room

Workshop 42: Integrating

Parallel session: T2A, Parallel session: T2B, Parallel session: T2C, FOCUS SEssion: 252 Community Engagement
1.30pm-3.00pm Theme: C1, Theme: C1, Theme: C5, Chair: P Livovtuv ' into Engineering Service-
Chair: D. Lowe Chair: T. Harris Chair: N.Tse o Learning - Jennifer Turner

and Jeremy Smith

3.00pm-3.30pm Afternoon Tea

Workshop 234:
Professional Performance Workshop 100: Adapt your
Parallel session: T3A, in University Education Parallel session: T3C, FOCUS Session: T3S2 teaching: Create Your
3.30pm-5.00pm Theme: C1, and Work Integrated Theme: C3, Chair:L Chechurin ' Own Interactive Adaptive
Chair: R. Eaton Learning - Ashley Brinson, Chair: S. Daniel o Tutorial - Heather
Brendyn Williams, John Weltman

Nurse

6.30pm-10.30pm CONFERENCE DINNER (The Grand Ballroom, Novotel Manly)

Day 2 Closing A
.’. .‘\.I.. .): -\...‘ f,"‘ \_\ / ¥ \\
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DAY 3: WEDNESDAY 13™ DECEMBER 2017

Opens 8.30am Conference registration and information desk Conference Foyer

Professor James Trevelyan (University of Western Australia) - “Why do we do
engineering?” The Grand Ballroom
Chairperson: Dr Nazmul Huda

9.00am-9.45am

Keynote
Presentation

Panel Discussion facilitated by Robin King on “Directions for Engineering Education:

the Engineer 0f 2035" The Grand Ballroom

9.45am-10.40am

10.40am-1110am Morning Tea

Parallel sessions
Clarendom Room Norfolk Room Cutler Room Barton Room Clontarf Room

Workshop 163: “It's Not all
technical ..": - A pragmatic Workshop 190: Assessing
Parallel session: WA, Parallel session: W1B, approach to ‘soft skills’ practical skills in
1110am-12.40pm Theme: C2, Theme: C2, development across a engineering - Siva
Chair: A. Goncher Chair:T. Goldfinch program - Nicholas Tse, Krishnan and Tiffany
Natalie Spence and Fiona Gunning

Jones

Focus session: W1S3,
Chair: Smith and Mazzurco

12.40pm-1.40pm Lunch Break

e Workshop 83: Another Step Workshop 191: How do
Mﬁ?ﬁgﬂi?ﬁ?ﬁd [IIE(:TSeIgtnii/neg Towards an Internationally- we integrate Indigenous
Parallel session: WeA, Inclusive Framework perspectivesin

140pm-2.50pm Theme: C5, tﬁr\lfssgzz[gg:]t%ﬁmé?nng Characterizing the Impact C;glcrugﬁtshsgrl\lllggzzﬁfco engineering education?
Chair: D. Inglis ' Juliana Kaya Prpic, Tom

. of Engineering Education
contract cheating - Hazel
Jones and Jo Devine Research - Anne Gardner Goldfinch and Jade

and Jeremi London Kennedy

2.50pm-3.10pm Afternoon Tea and preparing Grand Ballroom for conference closing

CONFERENCE CLOSING (G. Town)
3.10pm-3.40pm Presentation of Best Paper and Best Reviewer Awards
Closing Remarks and AAEE 2018 Handover

THEMES: the current program will consist of the following themed sessions:
conference Themes:

C1: Integration of theory and practice in the learning and teaching process

C2: Interdisciplinary and cross-disciplinary engineering programs and learning environments

C3: Integration of teaching and research in the engineering training process

C4:The role and impact of engineering students and educators in the wider community

C5: Systems perspectives on engineering education

Focus Sessions:

S$1: Is Integrated Engineering Education Necessary?
Moderators: Dawn Bennett (Curtin University) and Sally Male (The University of Western Australia)

$2: Educating the Edisons of the 21t Century: integrating thinking heuristics (including TRIZ) into the engineering curriculum.
»~—— Moderator: louri Belski (RMIT)

/ $3: Integrating Humanitarianism in Engineering Education
Moderators: Jeremy Smith (Australian National University) and Andrea Mazzurco (Swinburne University of Technology)

// \ / \“ A 7 \\

M4 AAEE 2017 © 28 AUSTRALASIAN ASSOCIATION R ENGINEERING EDUCATION < ANNUAL CONFERENCE

/ \ i Y \ \ /
\ / \ L \ V4 Lot /




PARALLEL SESSIONS

Time

paper #

Title and author

11.00am-11.10am

115

Aflipped classroom with low-stakes assessment to maintain student engagement and integrate theory and practice - Braden Phillips and Michael
Liebelt

1.10am-11.20am 1 Flipped learning not flopped learning - Cat Kutay, Anthony Kadi and John Canning
11.20am-11.30am 16 | Anew strategy for active learning to maximise performance in intensive courses - Mohammad Al-Rawi and Annette Lazonby
1.30am-11.40am 114 Laboratory Learning: Hands-on versus Simulated Experiments - Fabian Steger, Alexander Nitsche, Cayler Miley, Hans-Georg Schweiger and louri Belski
Tn.40am-150am | 213 i ingeri srgamnn 166
1.50am-12.00pm | 227 | Researching refiection in an engineering internship program - Alan Parr and Xi Jin
12.00pm-12.30pm Discussion
onaa ] DE
0 B, NOrfolk Roo A
ONno eory did pid v e 1ed 9 dlll ted g proce
Time Paper # | Title and author
1.00am-11.10am 60 Developing three-dimensional engineers through project-based learning - Sally Inchbold-Busby and Rosalie Goldsmith
1.10am-11.20am 70 Developing students’ employability in work placements - Margaret jollands, Wageeh Boles and ). Fiona Peterson
11.20am-11.30am 17 | Engineering Exposure to Professional Practice: Navigating the requirments - William McBride and Bernadette Foley
11.30am-11.40am 157 | eLearning initiatives - can their effectiveness really be measured? - Dahlia Han, Melissa Gunn and Rachel Chidlow
11.40am-11.50am 231 | AnlIntegrating Teaching Resource for Materials Science and Engineering -Claes Fredriksson and joel Galos
11.50am-12.00pm 33 | Mechanical engineering students’ perceptions of workplace mentoring: A case study at a South African University of Technology - Tiyamike Ngonda,
corrinne Shaw and Bruce Kloot
12.00pm-12.30pm Discussion
4 J
onaa ] DE
0 eI ROO 0 B0
1 ( 0 (] ! 0 9 Progrd dlll |1ed e 0
Time Paper # | Title and author
1.00am-11.10am 128 The engineering fundamentals are important...out what are they? - Emily Cook and Llewellyn Mann
1.10am-11.20am 126 Engineers learning about Entrepreneurship: The journey through the lens of an engineering academic - Helen Fairweather, Margarietha de Villiers
y Scheepers, Renee Barnes, Jane Taylor, Irene Visser and Katryna Starks
/ 1.20am-11.30am 13 Aninitial step towards developing techno-entrepreneurs in the engineering curriculum - Kourosh Dini and Aaron Blicblau
1.30am-11.40am 226 | STEAMpunk Girls Co-Design: Exploring a more Integrated Approach to STEM Engagement for Young Women - Sonia Saddiqui and Maya Marcus
N.40am-11.50am 25 Assessment of Self-Management Skills in a Project-Based Learning Paper - Jonathan Scott, Elaine Khoo, Michael Cree and Sinduja Seshadri
| 1.50am-12.00pm | 135 | Cultural Contexts of Learning Preferences: Relative Dominance of Self-Directed versus Other-Directed Learning Styles - Varghese Swamy, Vineetha

Kalavally, Ta Yeong Wu, Alena Tan and Jonathan Li

12.00pm-12.30pm

Discussion

// "
AAEE 2017
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PARALLEL SESSIONS (CONTINUED)

MONDAY 11™ DECEMBER

BN Session: M1S1, Barton Room, Chair: Bennet and Male

Theme:S1- IS Integrated Engineering Education Necessary?
Time Paper# |Title and author

\
\

( 1.00am-11.10am 40 Metacognition as a graduate attribute: Employability through the lens of self and career literacy - Dawn Bennett

\ | m.20am-1.30am 89 | Developing a Management System for Engineering Education (MaSEE) - Bernadette Foley, Tiffany Gill, Bouchra Senadji, Edward Palmer and Elisa
Martinez Marroquin

1.30am-11.40am 75 The Emerging Suite of Virtual Work Integrated Learning Modules for Engineering Students - Sally Male

3 1.40am-11.50am 21 Integrated Engineering may be necessary, but perhaps design would be taken more seriously? - Lynn Berry

\_ | m50am-1200pm | 141 | Student-Centred Curriculum Transformation - Roger Hadgraft, Rob Jarman, Justine Lawson and Beata Francis

12.00pm-12.30pm Discussion
v : y
-4 MONDAY 1™ DECEMBER
\\ Session: M2A, Clarendon Room, Chair: M. Jollands

\-\ Theme: C1- Integration of theory and practice in the learning and teaching process

' Time Paper # | Title and author J
1.30pm-1.40pm 9 The Warman - Looking Beyond 30 Years - Warren Smith, Craig Wheeler, Colin Burvill, Alex Churches and Tim Riley " A
1.40pm-1.50pm 9 A Study on Integrating Case-Based Learning into Engineering Curriculum - Eugene Tham and Lori Breslow \
1.50pm-2.00pm 32 | Characterising the learning dispositions of first year engineering students - Anne Gardner, Keith Willey and Thomas Goldfinch |
2.00pm-2.10pm 19 Implementation of Project-Oriented Design-Based Learning in a Second-Year Mechanical/Mechatronics Subject - John Long, Siva Chandrasekaran

and Michael Pereira

2.10pm-2.20pm 220 | Understanding Engineering Competencies in Practice and its Educational Implication - Xi Jin and Roger Hadgraft

2.20pm-2.30pm 46 | Implementing MUSIC Components to Enrich Engineering Capstone Projects: The Students’ Perspective and the Instructors’ Standpoint - S. Ali
Hadigheh and Daniel Dias-Da-Costa

2.30pm-3.00pm Discussion

MONDAY 11™ DECEMBER
session: M2B, Norfolk Room, Chair:]. Swan

Theme: C1- Integration of theory and practice in the learning and teaching process

Time Paper # | Title and author
1.30pm-1.40pm 225 | Running an Open MOOC on Learning in Laborataries - Alexander Kist, Hannah Campos Remon, Lindy Orwin, Andrew Maxwell, Ananda Maiti, Peter Albion
and Victoria Terry
1.40pm-1.50pm 213 The Importance of Student and Faculty Feedback in Development of Virtual Engineering Laboratories - Ali Altalbe and Neil Bergamnn
1.50pm-2.00pm 127 | Visualising Student Satisfaction - Samuel Cunningham-Nelson, Mahsa Baktashmotlagh and Wageeh Boles
2.00pm-210pm 94 Deviating from traditional lectures: Engineering students’ perception of active learning - Subeh Chowdhury
2.10pm-2.20pm 20 Designing and Using Self-Paced Tutorials: Lessons from the Pilot - Sasha Nikolic and Raad Raad
2.20pm-2.30pm 81 Students’ social and behavioural factors influencing the use of lecture capture technology and learning in engineering education - Anisur Rahman, |
Mohammad Aminur Rahman Shah and Sanaul Hug Chowdhury
2.30pm-3.00pm Discussion
Y ’,>‘ \ ,J' < /j ; ) X
/ 2 /’ / \ A
.-’r!r / A
/ 4 |
_..{"' / —= 2
r.’."' N ," ‘._,r'.
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PARALLEL SESSIONS (CONTINUED)

MONDAY 11™ DECEMBER
Session: M2C, Cutler Room, Chair: L.}shns-Boast M. Marcus
Theme: C2 -Interdisciplinary and cross-disciplinary engineering programs and learning environments N

Time Paper # | Title and author
1.30pm-1.40pm 168 Creating shared value: An industry project framework - Jennifer Turner and Liewellyn Mann /
1.40pm-1.50pm ne A Problem Shared is a Problem Halved: Benefits of Collaborative Online Engineering L&T Content Development - John Vulic, May Lim, Stefan Felder, AN

Shaun Chan, Jesse jones and Lorenzo Vigentini X
1.50pm-2.00pm 31 Enhancing Technical Writing Skills for Undergraduate Engineering Students - Beverly Coulter, Roslyn Petelin, Justine Gannon, KKate 0'Brien and Corrie i e

Macdonald
2.00pm-2.10pm 182 | The Immersive Learning Laboratory: employing virtual reality technology in teaching - Jacqueline Thomas, Kiran ljaz, Benjy Marks and Peter Gibbens /‘"
210pm-2.20pm 22 Making sense of Learning Management System’s quiz analytics in understanding students’ learning difficulties - Antonette Mendoza, Harald

Sondergaard and Anne Venables
2.20pm-3.00pm Discussion i

7 7 7 /

MONDAY 11™ DECEMBER

Session: M2D, Barton Room, Chair: C. Kutay
Theme: C4 -The role and impact of engineering students and educators in the wider community

Time Paper # | Title and author

1.30pm-1.40pm 167 | Grounded by values: An emergent engineering practice - Timothy Smith, Alicen Coddington, Jennifer Turner, Liewellyn Mann, Enda Crossin, Emily Cook,
Sivachandran Chandrasekaran and Andrea Mazzurco

1.40pm-1.50pm 185 Inclusive engineering education: making engineering degree work for more students - Marina Belkina
1.50pm-2.00pm 146 Engaging prospective students with Mechanical Engineering - Ashlee Pearson, Scott Wordley, Jiachun Huang, Stephanie Duggan and Christopher
Meikle
2.00pm-2.10pm 51 Moral Development of Students Entering the Civil Engineering Bachelor - Andrea Mazzurco, Homero Murzi and Ilje Pikaar
2.10pm-2.20pm 3 Aboriginal Engineering - technologies for an enduring civilisation - Cat Kutay and Elyssebeth Leigh
2.20pm-2.30pm 7 Towards integration of the Maori world view and engineering: A case study on student design projects for the Koukourarata community, Aotearoa/
New Zealand - Matthew Hughes, Ricardo Bello Mendoza, Manaia Cunningham, Kendra Sharp and Richard Manning
2.30pm-3.00pm Discussion
ONDA D BER \
\
0 A d (10N ROO ail: R. Gola \-.,
\k
oration o 0 dld prd d 0 dNna d 9 DI0
Time Paper # | Title and author
3.30pm-3.40pm 125 | The use of threshold exams ta change students learning culture and provide assurance of learning - Keith Willey and Anne Gardner &
3.40pm-3.50pm n Student Experiences of Threshold Capability Development in a Computational Fluid Dynamics Unit Delivered in Intensive Mode - Jeremy Leggoe and \
Sally Male b
| 3.50pm-4.00pm n Mapping the Integrated Research Landscape on Gender and Teamwork in Higher Education: 2000-2016 - Kacey Beddoes and Grace Panther
4.00pm-4.10pm 91 Role of Experiential Learning in PM Education - Louis Taborda, Li Liu and Lynn Crawford
410pm-4.20pm 80 Engineering as a “Thinkable” Career for Women - Bronwen Cowie, Margaret Paiti and Janis Swan
4.20pm-5.00pm Discussion
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PARALLEL SESSIONS (CONTINUED)

MONDAY 11™ DECEMBER

\
\

session: M3B, Norfolk Room, Chair: M. Al-Rawi
Theme: C1- Integration of theory and practice in the learning and teaching process

Time

Paper #

Title and author

3.30pm-3.40pm

82

Explicitly teaching teamwork and written communication within a problem based curriculum: Development of a generalised framework - David
Holmes and Michelle Lasen

3.40pm-3.50pm 31 Integrating Professional Practice in the Engineering Curriculum: BE/ME Chemical Engineering Students’ Experiences in Industry Placements -
Homero Murzi, Andrea Mazzurco and Beverly Coulter

3.50pm-4.00pm m Through the Looking Glass: Visualising Design Details with Augmented Reality - Nicholas Yee Kwang Tee, Hong Seng Gan, Andy Huynh, Veranica
Halupka and Jonathan Li

4.00pm-4.10pm 19 Transformation in Engineering Education - A Case Study of Remote Learning experiences in China - Van Thanh Huynh, Siva Chandrasekaran, John
Long, Yufei Guo and Ian Gibson

410pm-4.20pm 88 Intensive Mode Teaching for the delivery of engineering content to students at a Chinese university - Peter Doe, Seeta Jaikaran-Doe, Sarah Lyden,

Ming Liu, Bingzhong Ren, Peng Yang and Sally Male

4.20pm-5.00pm

Discussion

7

MONDAY 11™ DECEMBER

Session: M3C, Cutler Room, Chair: G. Miao

Theme: C3 - Integration of teaching and research in the engineering training process

MONDAY 11™ DECEMBER

Time Paper # |Title and author
3.30pm-3.40pm 92 Evaluation of a redesigned Engineering degree founded on project based learning - Mark Tunnicliffe and Nicola Brown
3.40pm-3.50pm 26 Integration of Applied Research in Polytechnic Engineering Education - Hossein Askarinejad and Matt Ramezanianpour
3.50pm-4.00pm 93 Ethics problems found challenging by research students - lain Skinner
4.00pm-4.10pm 68 Understanding Capacity in Creativity and Problem Analysis among Engineering Students - Dorothy Missingham, Antoni Blazewicz, David Strong, Mei
Cheong and Harry Lucas
410pm-4.20pm 10 Comparing Students and Practicing Engineers in Terms of How They Bound Their Knowledge - Grace Panther and Devlin Montfort
4.20pm-5.00pm Discussion

Session: M3D, Barton Room, Chair: C. Whittington
Theme: C4 - The role and impact of engineering students and educators in the wider community

Time Paper # | Title and author
3.30pm-3.40pm 224 | Integrated Pathways: Connecting the Disconnected - Trudy Harris, Johnny Gordon, Bandana Kumar and Paul Price
3.40pm-3.50pm 153 | History and Philosophy of Engineering - Rod Fiford
3.50pm-4.00pm 14 Changing Role of Modern Engineers and Social Responsibility - Sangeeta Karmokar
4.00pm-4.10pm 104 | STEM for Women and Ethnic Communities in Aotearoa (New Zealand) - Chris Whittington and Sangeeta Karmokar
410pm-4.20pm 49 STEM Intervention Strategies: Sowing the Seeds for More Women in STEM - Miranda Ge and Jonathan Li
4.20pm-5.00pm Discussion

/

/ \ / \
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PARALLEL SESSIONS (CONTINUED)

TUESDAY 12™ DECEMBER

_ Session: T1A, Chair: B. McBride
\ Theme: C1- Integration of theory and practice in the learning and teaching process .
Time Paper # | Title and author
10.40am-10.50am 96 Mixing Teaching Approaches to Maximise Student Learning Experiences - Charles Lemckert and Amir Etemad Shahidi //
10.50am-11.00am 105 | Towards an informed course design - Bill Collis, Chen Wang, Gerard Rowe, Elizabeth Rata and Graham McPhail Y

11.00am-11.10am 120 | Pointers to Conceptual Understanding - Samuel Cunningham-Nelson, Andrea Goncher, Michelle Mukherjee and Wageeh Boles

M.10am-11.20am 44 Tangible Teaching Tools: The Use of Physical Computing Hardware in Schools - Jarred Benham, Jonathan Li and Linda Mclver

1.20am-11.30am 219 | The Correlation between Practice Time and Student Improvement in Mathematics - Nigel Shepstone /[

11.30am-11.40am 53 | Refocusing Marking Practices to Enculturate Learning: Developing a Practice Architecture - Alison-Jane Hunter, Dorathy Missingham, Colin Kestell
and Linda Westphalen

1.40am-12.10pm Discussion /
TUESDAY 12™ DECEMBER »/
session: TIC, Chair: 1. Skinner
/'" Theme: C3 - Integration of teaching and research in the engineering training process
Time Paper # | Title and author
10.40am-10.50am | 74 Using Narrative Research Findings as Student Voice for Providing Insights into Transition Experiences in Engineering Education - Luke Alao and
Llewellyn Mann —
10.50am-11.00am | 95 We Built It and They Came: An Adaptive eLearning Experience - Heather Weltman, Furgan Hussain and Nadine Marcus
5 11.00am-1110am |23 What can we do to better support students in Thesis? - Guien Miao, Lynn Berry and David Lowe
N10am-1.20am | 66 Future-Proof Engineers with Transformative Calibres - Serene Lin-Stephens, Shaokoon Cheng and Agisilaos Kourmatzis
11.20am-11.30am | 106 Self and Peer Assessment of Teamwork Activities - Jiachun Huang, Scott Wordley and Ashlee Pearson
1.30am-11.40am | 198 Application of Research Skills Development Framework (RSDf) in Sustainable Engineering Teaching and Learning - Poovarasi Balan
1.40am-1210pm Discussion

TUESDAY 12™ DECEMBER
Session: T1S2, Chair: G. Cascini

Theme: S2 - Educating the Edisons of the 21st Century

Time Paper # | Title and author
L
10.40am-10.50am 218 Australian electrical engineering curricula and development of creativity skills: How do we rate? - Andrew Valentine, louri Belski, Margaret Hamilton
and Scott Adams
10.50am-11.00am 55 Modelling Innovation Process in Multidisciplinary Course in New Product Development and Inventive Problem Solving - Pavel Livotov
11.00am-11.10am 56 The Allocation of Time Spent in Different Stages of Problem Solving: Problem finding and the development of engineering expertise - Jennifer Harlim
and louri Belski '\\
~{ 1.10am-11.20am 4 International Student Online TRIZ (Teoriya Resheniya Izobretatelskikh Zadach) conferences: organizational experience and perspectives - Viktor
Berdonosov, Elena Redkolis and Won Young Song
1.20am-11.30am 131 First year engineering students problem solving in different scenarios. - Aaron Blicblau and Andrew Ang
1.30am-11.40am 65 Engineering Creativity - How To Measure It? - louri Belski
11.40am-12.10pm Discussion |
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PARALLEL SESSIONS (CONTINUED)

TUESDAY 12™ DECEMBER
session: T2A, Chair: D. Lowe

N\
\

Theme: C1- Integration of theory and practice in the learning and teaching process

Time Paper # |Title and author
1.30pm-1-40pm 166 | Inclusiveness-in-AustralianEnginesring Education-SimonCavensett Replaced with paper 176
1.40pm-1.50pm 212 | ANew Project Management regime - Michael Netherton, Lisa Nelson and Bill McBride
\ | 1.50pm-2.00pm 67 A new, common, experiential ‘Engineering Practice’ course - Dylan Cuskelly and William McBride

2.00pm-2.10pm 203 | A"MetroGnome” as a tool for supporting self-directed learning - Jim Morgan, Euan Lindsay and Kevin Sevilla

2.10pm-2.20pm 133 | Assessing the efficacy of embedding online laboratories in e-learning tutorials to enhance student engagement - James Theodosiadis, Steve Steyn
and Steve Mackay

2.20pm-2.30pm 140 | Quantitative Research Design to Evaluate Learning Platforms and Learning Methods for Cyber-security Courses - Kamanashis Biswas and Vallipuram
Muthukkumarasamy

2.30pm-3.00pm Discussion

\ \ - N w y X
TUESDAY 12™ DECEMBER

session: T2B, Chair: T. Harris

Theme: C1- Integration of theory and practice in the learning and teaching process
Time

Paper #

Title and author

1.30pm-140pm

16

Long term study of attendance rates in a civil engineering unit of study - Tim Wilkinson

/ b \
/ \ / \ y

y .‘\ ;

1.40pm-1.50pm 108 Redeveloping an introductory course in microcontrollers through the lens of educational theory - Bill Collis, Gerard Rowe and Claire Donald
1.50pm-2.00pm 79 | Offshore Students’ Perception of Intensive Engineering Subject Delivery: Case Study at an Indian University - Kali Prasad Nepal
2.00pm-2.10pm 184 Constructivist Simulations for Path Search Algorithms - Alan Blair, David Collien, Dwayne Ripley and Selena Griffith
2.10pm-2.20pm 84 Student Expectations: The effect of student background and experience - Brent Phillips, Trudy Harris and Lynette Johns-Boast
2.20pm-3.00pm Discussion

DA 1 BER

0

he on engineering educatio

Time Paper# |Title and author
1.30pm-1.40pm 165 | Defending interpretivist knowledge claims in engineering education research - Scott Daniel, Liewellyn Mann and Alexander Mazzolini
1.40pm-1.50pm 18 A systematic approach to teaching and learning development in engineering - Tiffany Gunning and Siva Krishnan
1.50pm-2.00pm 207 | Creativity in Mechanical Design: Exploring Suitable Methodologies for Better Practice - Paul Briozzo, Rodney Fiford and Peter Lok
2.00pm-2.10pm 136 | An Engineering Approach to Engineering Curriculum Design - Michael Liebelt, Stephanie Eglinton-Warner, Wen Soong, Brian Ng, Braden Phillips, Said

Al-Sarawi and Matthew Sorell
2.10pm-3.00pm Discussion
\ i X Vi L / \ 7 \
\ y /
3 = —
i
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PARALLEL SESSIUNS (CUNTINUED)

TUESDAY 12™ DECEMBER

session: T2S2, Chair: P. Livotov
Theme: S2 - Educating the Edisons of the 21st Century

Time Paper # | Title and author
1.30pm-1.40pm 45 Introducing TRIZ Heuristics to Students in NZ Diploma in Engineering - Konstantin Shukhmin and louri Belski //
1.40pm-1.50pm m What is easier to solve: open or closed problems? - Christoph Dobrusskin AN
1.50pm-2.00pm 216 | Can Idea Generation Techniques Impede Effective Ideation? - Andrew Valentine, louri Belski and Margaret Hamilton
2.00pm-2.10pm 21 TRIZ - Trans-disciplinary innovation methodology - Bohuslav Busov and Viadimir Dostal -
2.10pm-2.20pm 36 Teaching creativity creatively - luliia Shnai and Leonid Chechurin //’ld
2.20pm-2.30pm 69 | Prior Knowledge and Student Performance in Idea Generation - Gavin Buskes and louri Belski

2.30pm-3.00pm

Discussion

TUESDAY 12™ DECEMBER

session: T3A, Chair: R. Eaton

Theme: C1- Integration of theory and practice in the learning and teaching process

Time Paper # | Title and author

3.30pm-3.40pm 159 | The Self Directed Learning Styles Survey as a Predictor of Success in a Problem-Based Learning Environment - Kevin Sevilla, Andrea Goncher and Jim
Morgan

3.40pm-3.50pm 142 Improving Presentation Skills of First-Year Engineering Students using Active Video Watching - Antonija Mitrovic, Peter Gostomski, Alfred Alfred
Herritsch and Vania Dimitrova

3.50pm-4.00pm 214 | Worked Example Videos as a Valuable Blending Learning Resource in Undergraduate Engineering Units - Sarah Barns, Edmund Pickering and Les
Dawes

4.00pm-4.10pm 145 Educats: A Community of Practice - Jiachun Huang, Ashlee Pearson, Nathan Sherburn, Thanh Huynh Nguyen, Tony Vo and Veronica Halupka

410pm-4.20pm 160 | Mining students work experience reports - Dorian Hanaor, David Airey and Peter Café

4.20pm-5.00pm

Discussion

TUESDAY 12™ DECEMBER
Session: T3C, Chair: S. Daniel

Theme: C3 - Integration of teaching and research in the engineering training process

Time Paper# | Title and author
L
3.30pm-3.40pm 194 | Asystemic approach to improving tutor quality ina large unit - Peter 0°Shea and Philip Terrill
3.40pm-3.50pm 121 Staff competencies/capabilities required and challenges faced when delivering project based learning courses - Nicola Brown and Mark Tunnicliffe
3.50pm-4.00pm 169 Effective use of Zoom technology and instructional videos to improve engagement and success of distance students in Engineering. - Abu Shadat
Muhammad Sayem, Benjamin Taylor, Mitchell Mcclanachan and Umme Mumtahina
4.00pm-4.10pm 183 | Towards the development and delivery of sustainable assessment in foundation engineering studies - Benjamin Taylor, Lois Harris and Joanne \\
Dargusch
410pm-4.20pm 215 Case study based teaching of process economics in the context of Chemical Engineering - Meng Wai Woo
4.20pm-5.00pm Discussion
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PARALLEL SESSIONS (CONTINUED)

TUESDAY 12™ DECEMBER

\
\

session: T3S2, Chair: L. Chechurin
Theme: S2 - Educating the Edisons of the 21st Century

Time Paper # | Title and author
3.30pm-3.40pm 1o A scientific framework for testing creativity enhancing techniques - Niccolo Becattini and Gaetano Cascini
3.40pm-3.50pm 150 Developing student capacity for Start Up through integrating engaged, action and threshold learning models with a design thinking framework. -
Selena Griffith
3.50pm-4.00pm 223 | TRIZ Education in Mainland China - Lixin Wang
4.00pm-4.10pm 54 Developing a simulated Work-Integrated-Learning (WIL) program to improve problem solving skills of young engineers -
4.10pm-4.20pm 2n Analysis of Usage for Two Digital Format Ideation Templates - Andrew Valentine, louri Belski and Margaret Hamilton

4.20pm-5.00pm

Discussion

i g

A\

WEDNESDAY 13™ DECEMBER

session: W1A,, Chair: A. Goncher

Theme: C2 - Interdisciplinary and cross-disciplinary engineering programs and learning environments

Time

Paper #

Title and author

1.10am-11.20am

m

Generating an architectural brief for a twenty-first-century engineering education working and learning environment - Alicen Coddington and
Llewellyn Mann

1.20am-11.30am 129 In-Class and Asynchronous Student Response Systems: A Comparison of Student Participation and Perceived Effectiveness - Lokesh Padhye and
Marion Blumenstein

11.30am-11.40am 18 Embedding Authentic Practice Based Learning in Engineering Undergraduate Courses - Chris Whittington, Tim Anderson and Andy Conner

1.40am-11.50pm 151 Motivating diverse student cohorts with problem based learning in undergraduate control engineering - Felix H. Kong, Brian K.M. Lee and lan R.
Manchester

1.50am-12.00pm 15 Interdisciplinary Collaborative Teaching in Project-Based Learning Approach - Anna Lyza Felipe, Thanh Chi Pham, Minh Xuan Nguyen and Edouard

Amouroux

12.00pm-12.40pm

WEDNESDAY 13™ DECEMBER

Discussion

session: W1B, Chair: T. Goldfinch

Theme: C2 - Interdisciplinary and cross-disciplinary engineering programs and learning environments
Title and author

Time

Paper #

1.10am-11.20am

139

Attitudes Towards Software Engineering in Industry - Catherine Watson and Kelly Blincoe

1n.20am-11.30am 188 | Towards a framework for evaluating diversity in STEM outreach programs - Sam Cheah and Christopher Browne
1.30am-11.40am 235
Integrated Engineering - Implementation and Transition G. Town
N.40am-11.50pm 197 What Difference Do the Differences Make: Cultural Differences as Learning Resources in a Global Engineering Course - Yun Dai and Ang Liu
1.50am-12.00pm 230 | Teaching Advanced Computing Technologies to Managers, Engineers and Other Professionals - Ljiljana Brankovic, Stephan Chalup and Mark Wallis
12.00pm-12.40pm Discussion
\ / l\\ / \
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PARALLEL SESSIONS (CONTINUED)

WEDNESDAY 13™ DECEMBER
session: W1S3, Chair: Smith and Mazzurco

Theme: S3 - Integrating Humanitarianism in Engineering Education

Time Paper # | Title and author )
N.10am-11.20am 64 The Rise of Humanitarian Engineering Education in Australasia - Jeremy Smith, Nick Brown, Alison Stoakley, Jennifer Turner, Bianca Anderson and /
Alanta Colley i\
1.20am-11.30am 18 Evaluating Humanitarian Engineering Education Initiatives: A Preliminary Literature Review - Andrea Mazzurco and Homero Murzi
11.30am-11.40am 99 Making a difference: creating opportunities for undergraduate students to contribute to humanitarian engineering projects - Fiona Johnson, Stephen -
Foster, Carla Frankel, Sam Johnson, Stephen Moore, Richard Stuetz and Jacqueline Thomas
1.40am-11.50pm 186 Lessons learned from the design and delivery a new major in Humanitarian Engineering - Jacqueline Thomas, Petr Matous, Peter Cafe and Abbas /‘"'
El-Zein
11.50am-12.40pm Discussion

WEDNESDAY 13™ DECEMBER

Session: W2A, Chair: D. Inglis
Theme: C5 - Systems perspectives on engineering education

Time Paper # | Title and author
1.40pm-1.50pm 39 Engineering Student Use of Facebook as a Social Media ‘Third Space’ - Stuart Palmer and Tiffany Gunning
1.50pm-2.00pm 98 | Professors’ Discourses on Why Underrepresentation Matters - Kacey Beddoes
2.00pm-2.10pm 233 | Retentioninthe School of Engineering of the Universidad Pontificia Bolivariana Medellin-Colombia - Bibiana Arango and Ana Maria Tamayo Mejia
210pm-2.20pm 109 Does ‘just in time’ design thinking enhance student interest and appreciation of customer needs in the design of machine elements? - Huaizhong Li
and Sushila Chang
2.20pm-2.50pm Discussion

WEDNESDAY 13™ DECEMBER

Session: W2S3, Chair: Smith § Mazzurco

Theme: S3 - Integrating Humanitarianism in Engineering Education

Time Paper # | Title and author
1.40pm-1.50pm m Integrating Social Impact throughout an Engineering Curriculum - Scott Daniel and Liewellyn Mann \
1.50pm-2.00pm 81 The role of @ humanitarian focus in increasing gender diversity in engineering education - Alison Stoakley, Nick Brown and Sarah Matthee ‘\..
2.00pm-210pm 162 | Development of Global Competencies through Humanitarian Engineering Experiences - Andrea Goncher and Josh Devitt N
210pm-2.20pm 196 | What can be learned from the humanitarian successes and failures of Thomas Edison - Peter 0'Shea
2.20pm-2.50pm Discussion
— . » < 7 \\‘ ” \\ ”
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CONFERENCE SPONSORS

The Organising Committee wish to acknowledge the following sponsors for their support:

PRINCIPAL SPONSOR: MACQUARIE UNIVERSITY FACULTY OF SCIENCE AND ENGINEERING

MACQUARIE
University

FACULTY OF SCIENCE
AND ENGINEERING

CONFERENCE SPONSOR: NSW GOVERNMENT

Wik
NSW

GOVERNMENT

AAEE2017 10-13 DECEMBER 2017  NOVOTEL SYDNEY MANLY PACIFIC, NEW SOUTH WALES, AUSTRALIA P25



EXHIBITION

The exhibition is located The Gilberts Room on the first floor of the Novotel

EMONA INSTRUMENTS Sydney Manly Pacific.

EXHIBITION OPERATING HOURS:

Emona supplies Australia’s most comprehensive
range of engineering teaching and research equipment SUNDAY 10 DECEMBER 2017 1800 — 2000
from the world’s leading manufacturers, including Armfield,

Amatrol, Terco, Feedback, Quanser and SMC. Also, suppliers MONDAY 11 DECEMBER 2017 09001730
of 3D printing and additive manufacturing solutions including 3D TUESDAY 12 DECEMBER 2017 0900 — 1700
PCB printing, carbon fibre composites, thermoplastics, SLS plastics,
as well as metal printing, hybrid metal, electronics and biologics. WEDNESDAY 13 DECEMBER 2017 0830 — 1530
EDUTECHNICS

E M 0 N ﬁ —
EduTechnics is a division of Australian-owned

and operated Duff and Macintosh Pty Ltd. Duff and
Macintosh Pty Ltd have been in the process instrumentation
market for nearly 90 years.

Representing companies for teaching laboratories, including
TecQuipment, Elettronica Veneta, PHYWE, Elabo Training Systems,
Wesemann Laboratory Services Systems, Exago and Schneider Didactic,
we can supply everthing “within the walls”. From Laboratory furniture and
ceiling-mounted services, fume cupboards, to experiments in Engineering and

ELSEVIER the Sciences.

Elsevier is a global information analytics company % Ed L,I-l-EChI"]ICS

that helps institutions and professionals progress A
science, advance healthcare and improve performance
for the benefit of humanity. Elsevier provides digital solutions
\\ and tools in the areas of strategic research management, R&D
performance, clinical decision support, and professional education;
including ScienceDirect, Scopus, ClinicalKey and Sherpath. Elsevier

publishes over 2,500 digitized journals, including The Lancet and Cell, more L
than 35,000 e-book titles, and many iconic reference works, including Gray's A 7
Anatomy. Elsevier is part of RELX Group, a global provider of information and
analytics for professionals and business customers across industries. > FACULTY OF SCIENCE &
. www.elsevier.com / ENGINEERING, MACQUARIE
AN ] i/ UNIVERSITY

: From research into wi-fi and robots to wearable antennas for
ﬁ i medical applications and next-generation cellular systems, the
L School of Engineering at Macquarie University is where innovation

ELSEVIER A comes to life.

MACQUARIE

| : -8 University
\ / & FACULTY OF SCIENCE D—(
7 / AND ENGINEERING /
/’ \ ; // \“-,.\ // N o \
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MATHWORKS

MathWorks is the leading developer of mathematical
computing software. Engineers and scientists worldwide
rely on its products to accelerate the pace of discovery,
innovation, and development.

We strive to be the leading developer and supplier of technical
computing software. Our business activities are characterized by
quality, innovation, and timeliness; competitive awareness; ethical business
practices; and outstanding service to our customers.

CENGAGE
sugTH 4\ MathWorks
Cengage is the education and technology company Accelerating the pace of engineering and science

built for learners. Confident students are successful
learners, so we design tools that keep them moving toward
their goals.

We develop transformational, cutting-edge teaching and learning
tools that promote analysis, evaluation, synthesis and application.

LIQUID INSTRUMENTS
«N
' BOOTHS
‘ W Liquid Instruments makes Moku:Lab, a new breed of
all-in-one devices for test and measurement. Moku:Lab
C E N G A G E combines reconfigurable hardware and advanced signal /
processing with a revolutionary user interface to enhance /
student engagement. Come and talk to us about how Moku:Lab
/ is improving educational outcomes in undergraduate laboratories
throughout Australia.
/ O\ , , —
i
ENGINEERS AUSTRALIA

,

Engineers Australia is the trusted voice of the
profession, embracing all disciplines of the engineering
team, and offering Knowledge, Recognition and a Voice to
our 100,000+ member community. EA's Tertiary team support L I Q U ' D

student engineers and academics to develop their knowledge, \ IN STRU M ENTS

grow their professional networks, and advance their careers.

ENGINEERS

' AUSTRALIA
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SOCIAL PROGRAM

WELCOME RECEPTION

Renew old friendships and make new acquaintances as we welcome
you to Manly in Sydney, New South Wales.

Canapés and drinks will be served in the AAEE 2017 Exhibition at
the Novotel Sydney Manly Pacific.

DATE: SUNDAY 10 DECEMBER 2017
TIME: 18:00 - 20:00

VENUE: NOVOTEL SYDNEY MANLY PACIFIC
DRESS: BUSINESS CASUAL

ADDITIONAL TICKETS: AS73.00
CHILDREN'S TICKETS: $59.00

Please note that the Welcome Reception is included in the
registration fee. Please visit the Registration Desk for additional ticket
purchases.

CONFERENCE DINNER

Don’t miss out on your opportunity to network and dine with colleagues

and friends at the Conference Dinner. Whilst immersed in breathtak-

ing views of the Manly Beach by night, guests will enjoy a sit-down
dinner and drinks.

DATE: TUESDAY 12 DECEMBER 2017
TIME: 18:30 - 22:30, DOORS OPEN AT 19:00
VENUE: NOVOTEL SYDNEY MANLY PACIFIC
DRESS: BUSINESS CASUAL
ADDITIONAL TICKETS: $120.00 PER PERSON
CHILDREN'S TICKETS: $35.00 PER PERSON

e Please note that the Conference Dinner is included in the registration
" gt = > fee. Please visit the Registration Desk for additional ticket purchases.
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GENERAL INFORMATION

CONFERENCE VENUE

Novotel Sydney Manly Pacific

55 North Steyne, Manly, New South Wales 2095 AUSTRALIA
Ph: +61 2 9977 7666

WIRELESS FACILITIES

The Novotel Sydney Manly Pacific offers free Wi-
Fi services. Coverage extends throughout the venue.
The complimentary service is suitable for email, social

media and basic internet browsing. This is not suitable
for streaming video such as Skype. Maximum bandwidth of

PARKING

Parking is available at the Novotel Sydney Manly
Pacific. The hotel car park can be accessed via
Francis Lane and offers secure underground parking

with direct lift access to the hotel, lobby, restaurant

and Conference rooms. Self-parking and valet
parking is available at the hotel for day delegates and
in-house guests, charges apply. All parking is subject

to availability. Alternatively, local council car parks offer
1200 underground parking spaces, most of which offer
2-hour free parking. The closest car park is located on
Central Avenue, adjacent to the hotel.

MESSAGES

All messages received during the Conference will be placed on
the Message Board in the registration area. To collect or leave
messages please visit the registration desk.

MOBILE PHONES

As a courtesy to fellow delegates and speakers, please ensure your
mobile phones are switched off during the Conference sessions.

NAME BADGES

Each delegate registered for the Conference will receive a name
badge at the registration desk. This badge will be your official
pass and must be worn to obtain entry to all sessions and social
functions.

REGISTRATION

The registration desk is located in the Foyer on the
first floor of the Novotel Sydney Manly Pacific.

REGISTRATION OPERATING HOURS:

2MBps per user, and limited to one device per individual. The
actual bandwidth will be affected by the number and location of users.

INTERNET CODE: AAEET7

CONNECT T0: 'NOVOTEL PUBLIC’ OR ‘NOVOTEL CONFERENCE' ON YOUR DEVICE

The browser will then direct you to the log in page where you can enter
your code. After you have successfully logged in with your code, you
will have access to Wi-Fi thoughout the hotel.

Should delegates wish to utilise the special internet code from
their accommodation rooms, it is very important that you
log in first from the Conference floor for this to work.

U~
>

PHOTOGRAPHY

Please be advised that no photography or recording of
presentations is permitted.

PRIVACY

Australia introduced the Privacy amendment (Private Sector)
Act 2000 in 2001. The Conference Managers comply with such
legislation which is designed to protect the right of the individual
to privacy of their information. Information collected in respect
of proposed participation in any aspect of the Conference
will be used for the purposes of planning and conduct of the
Conference and may also be provided to the organising body or
to the organisers of future Australasian Association of Engineering
Education Conferences. All those participants included in the
delegate list, which will be circulated post-Conference, provided
their permission upon registration.

REFRESHMENTS/MEAL BREAKS

Morning and afternoon coffee breaks, as well as all
lunches, will be served in the Gilberts Room located on

SUNDAY 10 DECEMBER 2017 1700 - 1900 the first floor. Please refer to the program for break
times.
MONDAY 11 DECEMBER 2017 0800 -1730
SPECIAL DIETARY REQUIREMENTS
TUESDAY 12 DECEMBER 2017 0800 - 1700 If you have notified the Conference Managers of any
special dietary requirements, please take note that this
WEDNESDAY 13 DECEMBER 2017 0830-1530 information has been supplied to the Conference venue

AAEE2017 10-13 DECEMBER 2017

and catering will be provided to meet your requirements. All
catering will be labelled accordingly.

CONFERENCE ACCOMMODATION
Novotel Sydney Manly Pacific
55 North Steyne, Manly, New South Wales 2095 AUSTRALIA
Ph: +61 2 9977 7666

NOVOTEL SYDNEY MANLY PACIFIC, NEW SOUTH WALES, AUSTRALIA
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VENUE MAP
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Aboriginal Engineering for an enduring civilisation

Cat Kutay, Elyssebeth Leigh
University of Technology, Sydney
cat.kutay@uts.edu.au, elyssebeth.leigh@icloud.com

SESSION C4: The role and impact of engineers and the engineering profession in the wider
community

CONTEXT Engineering is a set of practices and principles evidenced in the artefacts of
human cultures. In the 21st century there is growing understanding of the implications of this
for supporting innovation and sustainable practices. This paper specifically considers how
Aboriginal cultures employed engineering principles prior to European arrival. Taking into
account this combination of engineering principles, this paper introduces the next steps
towards a framework for integrating Indigenous knowledge into the engineering curriculum.
The aim is to provide a guide for engineering educators towards establishing and/or
strengthening their engagement with local community knowledge holders to explore the
principles and practices as well as teaching strategies of Indigenous technical knowledge.

PURPOSE Provide guidance in what is involved in developing processes for integrating
Aboriginal/Indigenous engineering knowledge into engineering education, including provision
of resources to contribute to revising our knowledge of Australia’s technological history.

APPROACH Various approaches are being used to integrate indigenous and non-
Indigenous engineering knowledges. These include locally sourced projects and
encouragement of Indigenous students to become engineers. Integration of indigenous
knowledge, frameworks and protocols into engineering education is increasing our
understanding of the impact of engineering designed for specific cultures and values. This
work provides engineering educators with an exploration of Indigenous engineering practices
in pre-European times; and introductory work on assisting collaborative efforts between
communities and engineering educators through:
* exploring how engineering education might be enhanced by incorporating knowledge
about the civilisation occupying this continent prior to European arrival
* identifying sources of evidence for Aboriginal engineering, and relating this to
engineering education to develop cultural sensitivity and sustainability knowledge in
engineering education
e considering how such evidence as located in artefacts, concepts and physical
contexts, can be used to expand the scope of engineering education programs
across different disciplines

RESULTS These include protocols for engagement with Indigenous communities and
suggestions for understanding Indigenous knowledge relating to Engineering and IT topics.
We are in the process of developing an app to provide information to universities using
location-based information. We also envisage this may also help tourist groups wishing to
study aspects of indigenous knowledge and technology.

CONCLUSIONS Indigenous and non-indigenous engineering have many features in
common, but until recently Indigenous knowledge has been ignored or denigrated.
Developing ways to link awareness of similarities across engineering practices will provide
practical and enjoyable experiences for students and educators, enabling them to expand
their awareness of issues concerning sustainability, communication and cultural
understanding in a diverse world.

Keywords Indigenous engineering, Sustainability, Community projects
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Introduction

The tasks involved in integrating Indigenous engineering knowledge into engineering
education are slowly being developed in a number of contexts: In-community projects; case
studies in class; and indigenous approaches in teaching. Also the process of engaging
Indigenous people in engineering studies includes: establishing scholarships for Aboriginal
students; collecting archival and research material re-examining our knowledge of Australia’s
technological history; and exploration of protocols to connect with local communities on the
basis of sharing knowledge as equals.

In particular the latter activity is integrating indigenous and non-Indigenous engineering
knowledges, including locally sourced projects and encouragement of Indigenous students to
become engineers. Such projects build on community collaboration, while also introducing
and developing the concept of appropriate technologies. Integration of indigenous
knowledge, frameworks and protocols into engineering is providing an opportunity to
examine the impacts of engineering artefacts on various social and environmental conditions
for which they were not designed.

The aim of the enduring Engineering project is to support engineers acquiring knowledge of
Indigenous technology ether at university or through further study, with an app-based
resource. This will, over time, link to indigenous community stories, records of local
engineering knowledge, exploration of Indigenous engineering practices in pre-European
times, and a framework for assisting collaborative efforts between communities, engineers
and educators.

Background and Motivation

It is a troubling fact that many Australian government policies are based on a deficit view of
Aboriginal civilisation, such as ‘Closing the Gap’ and the BasicCard to remove the control of
finances. A direct impact of such positioning is to ignore the depth and scope of knowledge
and capabilities embedded in the fabric of Aboriginal society and culture. This denies the
longevity and complexity of the engineering history of Australia. Rather than considering
knowledge as an opportunity for equal exchange and a meeting of minds, the deficit model is
rooted in a belief that cultures occur as a hierarchy positioning some cultures as innately
superior to others. Thus researchers position indigenous people as less than themselves
(Craven et al, 2016) or than societies which developed the use of metals( Powell, 2008)

To redress the errors of such a belief involves establishing more valid method of
engagement with Aboriginal knowledges. We consider in this paper some examples of what
can be learned by adding Aboriginal perspectives to teaching and designing within the
discipline of engineering. Valuing Aboriginal perspectives, and replacing out-dated
perceptions of cultural inequity with a deeply respectful curiosity, positions Aboriginal
knowledges as equal with, and simultaneously different from, other engineering knowledges,
based on the observational processes used in knowledge gathering (Kutay, 2017).

Enacting this changed perspective helps to reveal that a key cause of the perception
informing that deficit view, is a lack of knowledge exchange between Aboriginal and non-
Aboriginal cultures. It resides in a general ignorance of Aboriginal beliefs and values, as well
as a widespread lack of understanding of the practices, knowledges and principles
underlying Aboriginal Australia’s enduring civilization (Pascoe 2014, Gammage, 2011). One
way to change this limiting perspective is to acknowledge the omission of Aboriginal
engineering knowledge from current teaching practices, alongside the comparative absence
of Aboriginal and Torres Strait Islander students from Engineering classrooms. One method
for achieving sustained change in perspectives will be well informed learning strategies. It is
clear that 17th century Aboriginal engineering knowledge paralleled the engineering known
to Europeans in 1770, and that it was practiced across the entire continent in diverse, yet
fundamentally similar, ways.
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Enduring Engineering

What is now better understand is that when members of one culture are witnessing another
culture in action, their interpretation of the actor’s culture will be based on assumptions
embedded in the observer’s own culture. There can be no neutral analysis of what is being
observed. It is in the moment of interpretation, when an author begins to interpret their
observations, that tacit assumptions about superiority/inferiority begin to taint the description.
Consider Pascoe’s (p17, 2014) use of the following passage, written by a European observer
in the late 1800’s:

As soon as the water began to run back to the river the blacks used to make a fence
across these channels of thin sticks stuck upright, and close enough to prevent the
fish going through, but leaving a space at one side, however, so that when the fish
found they could not get through the fence, they naturally made for the opening. A
black would sit near the opening and just behind him a tough stick about ten feet long
was stuck in the ground with the thick end down. To the thin end of this rod was
attached a line with a noose at the other end; a wooden peg was fixed under the
water at the opening in the fence to which this noose was caught, and when the fish
made a dart to go through the opening he was caught by the gills, his force undid the
loop from the peg, and the spring of the stick threw the fish over the head of the
black, who would then in a most lazy manner reach back his hand, undo the fish, and
set the loop again on the peg.

I have often heard of the indolence of the blacks and soon came to the conclusion
after watching a blackfellow catch fish in such a lazy way, that what | had heard was
perfectly true

In the 21st century more observant and enlightened thinking reveals the range of engineering
concepts in action in what is being described. However the assumptions of this observer,
presented here as accepted truth, demonstrate the absence of any comprehension of
engineering principles. The constant repetition of such ideas helps explain the absence of
more relevant and explicit records about, and respect for, Aboriginal engineering in
Australian history.

Another, equally compelling reason for the low level of recognition of Aboriginal knowledges
of engineering lies in the hardship facing Aboriginal communities in the face of loss of access
to their country. Over time the knowledge went underground, and knowledge holders, those
surviving disease or conflict, found it harder to ensure that what they knew could be safely
passed on to future generations. People found many different ways of avoiding the demise of
their vital knowledges (Skuthorpe and Sveiby, 2006), as Aboriginal Australia was a
knowledge society long before the west recognised such a concept.

Available artefacts demonstrate clearly that the knowledge held in custody by generations of
Aboriginal engineers was diverse, extensive and detailed. It was appropriate to the land and
to the social structure and principles of the knowledge holders. Social and environmental
conditions in Australia have changed with European settlement but this knowledge still can
be applied as it is rooted in a deep understanding of how this country works. For instance
when carp took over the Murray-Darling basin, it was Aborignal people who proposed the fish
could be used as fertiliser (Duncan, 2017, pers. comm. October 6 2017)

Equal representation of ways of knowing

Bringing this enduring knowledge to general consciousness and achieving acceptance is
clearly going to be a complex process. This paper is considering implications, suggested by
the research summarised in Figure 1, of the overlapping segments in the Venn diagram,
within which knowledge is common to various components. For example the overlap
between the two forms of engineering - Aboriginal and Western (dominant) - proposes a
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shared set of relationships in regard to engineering principles and practices. Both forms of
engineering created buildings, constructed roads,
excavating mines (DPI, 2007) and all the other visible
and conceptual outcomes of technical processes that
we employ, occupy and see around us today. While
Western engineering examples are readily
identifiable, Aboriginal engineered buildings,
structures, transport routes and processes, designed
on the principle of sufficiency and collective
processes, are similar in function while quite unlike
the products of Western thinking.

All human societies emerge from specific constructs
having their roots in beliefs and values which created
cultures and behavioural frameworks of immense
variety and specificity. While conventional Australian
history tells us a great deal about western principles
and practices there is much less written about
Aboriginal history and even less about the .
engineering. We are identifying and explicating Figure 1 Aboriginal and non-
Aboriginal engineering knowledge, to understand how APoriginal knowledge intersect with
this can have a minimal impact on both land and engineering. Leigh et al 2015.
people at all times.

Representing this way of knowing, is not simple given the current broad social expectation
that individuals can own and control property without any consideration of the long term
effects on the surroundings. Consider, for example, the loss of water flow in the Snowy River
and consequent damage to the land east of the dividing Range; and the current controversy
and bitterness over efforts to manage the Murray-Darling basin to satisfy land owners who
have different needs and priorities along the course of those rivers.

Knowledge Sharing Process

For student groups to work with community to design technology, we need to consider
knowledge sharing processes and the kinds of engagement that is appropriate. If we want to
share technology with Aboriginal people, we have to share the knowledge with the culture
that is embedded (Mesthene, 1969). Either we are asking the community to enter the culture
that created the technology, or we use engagement in design to change that technology to
suit the culture. The first route involves assimilation and implies that cultural hierarchy of
deficits of knowledge. The second route supports embedding of cultural knowledge in the
new technology, and as the knowledge becomes part of the artefact, so will Aboriginal
people begin to feel affinity with the product.

The protocols of knowledge sharing arise from the relationship between the researcher and
the community. The procedures used in Aboriginal oral knowledge sharing reduce the
potential for incorrect information being inserted into stories. The western concept of open
format sharing of mainstream knowledge, too often creates the experience of invalid
information being shared. Conversely, in functioning Aboriginal societies, information that
should be private will not be shared publicly, and information that belongs to one person is
rarely shared by another as claims of authority must be substantiated.

We need to understand the nature of traditional culture and how its processes remain
relevant to today’s values. To introduce students to this culture requires consideration of how
and why processes will differ. What was each/any culture aiming to preserve and to create
within the scope of its civilisation, and what is its understanding of the social and physical
environment and how to live in it?
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Aboriginal culture is based on an observational approach to science which makes full use of
intuition and ‘gut feeling’ to gather information and understand the world. We consider how
did such a knowledge gathering process maintains its integrity and what influenced and
shapes those processes such that they remained constant and consistent, not changing at
the whim of someone’s vision or personal experience. That is, what ensured that the great
range of such stories was worked into a coherent whole. Understanding these processes are
crucial to understanding Aboriginal knowledge and how it is shared

What knowledge is valued

If western science tried to explain fire, the ripples and motion, where it will travel at any time,
how much it will burn, how hot it will get, this would involve more non-linear equations than
our present computer power could manage. An approach which operates by breaking
science down into component parts and then build this up again into models of the whole
system, tends to loose the picture of how things work. Use of the metaphors of clockwork
mechanisms versus living organisms can help to explain the distinction between western and
Aboriginal engineering.

When confronted with a complex problem, western trained engineers will approximate,
reduce the variables, simplify the equations. The aim of such a process is to extract the
patterns in the system, identify the main features and map how things generally interact. It in
in this pattern matching that we start to approach the holistic methods used by Aboriginal
teaching. This approach integrates sustainability from the start of any design or project
(Kutay, 2017). If something is to be altered in any major way, the stories and knowledge
sharing practises allow a long term consideration of consequences for everything involved,
the people, land, flora and fauna.

Clearly if an Aboriginal approach had been applied to consideration of building coal-fired
power stations in Australia, the outcome would have focused on developing clean energy
and the present crisis in energy generation could well have been avoided. Aboriginal
engineering values working with nature, the environment and the people.

How knowledge is taught

Aboriginal people used song cycles to provide contexts within which to remember and
reinforce the knowledge that needs to be told in community meetings. Hence when sharing
knowledge a very general moral story can be used for a context in perpetuity, but the
individual aspects and histories that are provided within this theme will be those that apply to
the present situation (e.g. the season) or the topic chosen (e.g. history at one place). These
stories also retain a link to narratives that are not relevant in the present context, but will
have to be re-told in the future as conditions change. By using existing Aboriginal stories and
relating them to modern themes within the projects being developed with students, we
provide more relevance to the information shared (Bodkin-Andrews et al, 2015).

When and by whom can knowledge be shared

In many Aboriginal languages there are 4th or 5th person pronouns, so if | talk about what
we (you and | did) that is a different authority to talking about what we did (myself and
someone else) or they did (when | did not witness). It is a way of expressing authority over
the knowledge given. So when this knowledge comes over the internet, or on an app, whose
is it and what is the relation to the source? The experience of Aborignal people online
questions a lot of our assumptions about knowledge curation.

Who owns the knowledge

Aboriginal culture is based on relationships, to talk to someone you have to establish how
you relate to them first. When you have a place in the knowledge network, the stories that
relate to this position, such as relating to your totem, can be shared with you, while other
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stories cannot be shared, since you are not positioned to be a recipient. This is a form of
‘need to know’ sharing, that ensures that information is not misinterpreted.

What will be told to you

Technology co-design activities with communities require knowledge be passed on to
researchers. The experience in developing these projects with community has been that
researchers would be told information based on what they able to understand. However,
sometimes they would be also be told information simply because this provides an
opportunity for its preservation, by passing it on to someone outside the community with no
responsibility and links to the community, allow it to survive until the people are ready again
to use it.

However, in general, sharing knowledge openly for all time is not considered suitable, and
yet this is how modern teaching methods operate, meaning that information could be shared
without assuring that pre-requisites have been covered. This is a concern not only in relation
to Intellectual Property issues and Open Data, but also in relation to having a suitable
process for sharing that also preserves the integrity of the knowledge.

How will knowledge come

An understanding of matters relating to a culture other than one’s own, comes through
experience, and through listening, which takes time. Asking a question can imply a demand
to access knowledge that you may not be ready for, or lead to a person answering risking
error by giving an incorrect/inadequate answer to another’s question.

This process is understandable in light of the fact that traditional societies could not afford to
have knowledge holders make errors - food could be missed when throwing a spear or lives
lost when navigating to a new area. There is great shame attached to failures of knowledge

application. Trust comes when these points are respected by researchers.

Protocols

There are existing protocols for research in Aboriginal knowledge (AIATSIS 2012), and the
fair and equitable sharing of benefits arising from the utilization of genetic resources
(Biological Protocol, 2016), These are especially relevant to knowledge sharing where the
financial benefits of innovation are still unknown.

Before starting a research project with Aboriginal or Torres Strait Islander organisations,
there are important issues to consider.. The process of creation of a product is as important
as the final product (see Leigh et al, 2015). Research conducted at Wollongong University as
part of an OLT grant developed and documented clear ideas about how to conceive of, and
plan for, cross-cultural work with Aboriginal communities (Goldfinch et al. 2016)

The 5Rights© protocols include the need to find and develop contacts with the Right People
in the community who can inform and champion the project without becoming overworked by
these demands. These people must be from the Right Place, that is their country must
include the place where the project is based, so that they have authority to speak about it.
Then there is use of the Right Language to avoid offence and convey respect for the
importance of oral history and the perspectives of the community. Then there is the Right
Time as having a community understand the relative importance of new issues that arise
take longer than planned, while other commitments can slow progress. Finally the Right Way
involves incorporating these previous four ideas into a relevant, and appropriately scoped,
project design and implementation plan.

To start this process we also need to prepare academics for teaching the new material in
terms of the experiential, cognitive, affective and conative components of their attitudes to
Indigenous knowledges and cultures (see Goldfinch et al 2017).
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Findings for Future Work

We provide here examples of projects to engage with traditional technology and modern
applications of traditional concepts. These projects have developed out of training engineers
at university and in organisations.

Water engineering

The existing engineering artefacts around fish traps both on rivers (eg Budj Bim and
Brewarrina) and on the ocean (eg Mystery Bay presented by Uncle Max Harrison, 2017)
provide a physical experience of the vastness of the canals and rock constructions that were
developed thousands of years ago in Australia. Information on these sites will be available on
the Enduring Engineering mobile app with links to the community members who can speak
on how the traps work. This process allows engineers and the general populace to
understand how the structures functioned and link this with present engineering
understanding of water and construction techniques. However there are many resources
needed in the early research, rejuvenation and reconstruction phase of these sites. For these
the local community should be included to ensure the knowledge is strengthened locally.

Construction

Sandon Point in the lllawarra region of NSW, is the site of an on-going protest against
development on sacred land. The University of Wollongong ran a project with student
engineers, who consulted with the community and developed designs for a number of
relevant site needs including an artefact storage space that respected the people’s request
not to break the ground. The community is concerned about damage being done to the
environment and the storage of artefacts that are being uncovered in the area.

The lllawarra Lands Council is now working with the University to consider designs for future
development on the lands they own in the area. Engineers Without Borders is being
approached to provide a resource to link these projects with students at University to ensure
that the correct protocols are managed and that students are prepared for and supported
during these projects.

Sustainability

Through the support of the Royal Society of the Arts (Australia and New Zealand) a
workshop was held at Ausgrid with Benjamin Lange, an Aboriginal Engineer whose research
into the acoustics of the didgeridoo has been used to expand knowledge of the vocal tract.
The workshop explained the type of Aboriginal knowledge that existed before invasion and
how this could be used by Ausgrid to deal with their community liaison issues in the present.

These talks are part of an ongoing series that the RSA A+NZ are running to raise community
awareness of the engineering aspects and allow community knowledge holders to present to
a wider audience. It is hoped that this support can be extended to a community run on-site
exploration of a specific fish traps site, to both explore what might be found out about the
site, and to develop repeatable processes for conducting future research projects.

IT development

At UTS software development workshop, students have been engaged in developing
software for Aboriginal clients and for providing resources for students learning about
Aboriginal Engineering. The apps are designed as a point of contact to link community
experts with interested students or academics to share these projects through traditional
forms of knowledge sharing. Tourists can also search for places to go for traditional
knowledge. The development process has involved students in discussion with clients about
the history of the knowledge, why the apps are now being developed, the market focus for
such products and the social aspects relating to their use.
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There are also various indigenous led IT projects such as the Indigital App which integrates
digital technology and art by enabling users to scan an art work and link to videos etc. about
the artist and the story of the art work allowing storytellers to reach a wider audience.

Conclusion

Indigenous and non-Indigenous engineering have many features in common, but until
recently Indigenous knowledge about engineering has been ignored or denigrated.
Developing ways to link awareness of similarities across engineering practices will provide
practical and enjoyable experiences for students and educators, enabling them to expand
their awareness of issues concerning sustainability, communication and cultural
understanding in a diverse world.
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SESSION C1: Integration of theory and practice in the learning and teaching process

Context Introducing Flipped Learning across the University of Technology Sydney (UTS)
was trialled through the Faculty of Engineering and IT (FEIT). It raised concerns on how to
implement such a teaching program in skill-based subjects that had strong elements of core
competencies centred on communication, understanding and critical analysis. Rather than
revert to conventional teaching when half a class fails to prepare, an alternative approach for
motivating students to read and study the material was needed. We had to demonstrate to
students an advantage in preparing for class if active engagement was to take place. This
may include peer assessing of each other’s work, presentations by expert staff on alternative
perspectives, or application of the content being taught beyond the assessable items

Purpose In order to encourage intrinsic motivation in study we wish to allow students to
manage their own study and engage with material in their own time. This experience will
increase their confidence to approach problems themselves if they receive timely feedback.
One of the aspects of Flipped Learning that academics consider the most difficult is to
enforce preparation for class work. We describe here some more conducive approaches to
encourage students to engage with preparation material, including pre-submitting work for
sharing in the tutorial. We provide some case studies of strategies, from those doing face-to-
face courses ,to engage their students. We wish to show that there are a variety of ways to
provide this added benefit for students,

Approach The paper provides case studies from approaches that have been shared
amongst staff during staff development workshops run by Teaching and Learning in FEIT at
the UTS. Some strategies to engage students who have prepared for a class, and hence
provide intrinsic motivation for preparation, are:

1. Provide immediate feedback as they go through the preparation material; e.g. a quiz
designed to cement concepts learnt in the lectures provided before the class.

2. Provide practical examples for the student to undertake and upload online a report.
Students use this material to peer assess each other using an assessment rubric also
online. This process allows them to engage with the rubric to learn how it applies to
such a submission as well as engage in group discussion with their peer about their
work.

3. Present material from a different perspective that is not part of the course, but bonus
work, such as stories of the use of the skill in the workplace, an alternative use of the
theory in another sector not related to course, and so on.

4. Develop a narrative approach where the experience of the lecturer in industry is used
to make the material more engaging, and where the industry in this case can be cross
cultural experience such as Aboriginal community infrastructure and appropriate
technology.

Results In the first and second example, the changes to the preparation strategy has

achieved a nearly 20% increase in success rate on a significant assessment, the writing

of a resume to fit industry standards and ensure students achieve an internship job. The
third examples has provided mixed students feedback partially due to different student
learning expectations.

Keywords: Flipped learning, Student activities, Student engagement
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Introduction

From a teaching perspective, flipped learning provides the time and space within the
conventional university class format to allow active learning. It is supported by research that
indicates students can experience significant learning gains compared to passive lectures
(Freeman et al.,, 2014; Biggs, 1999; Pathen & Schunn, 2015). However, functional
implementation for staff is often challenging particularly when it comes to encouraging
student preparation for, and participation in, class. We describe, through examples,
conducive approaches trialled to encourage student engagement with preparation material,
including pre-submitting work for sharing in the class.

The first course examined here is preparing students for their work internship, a process the
university guides them through with various modules. It is highly vocationally oriented to
reflect practical engagement with industry and will therefore change as the nature of the
internships available changes, reflecting changes in industry. Changes to the preparation
strategy have achieved an increase in success rate on a significant assessment: the writing
of a resume to fit industry standards and ensure students achieve an internship job.

The second course is a Transmission Systems subject recently taken over by Canning. This
is a postgraduate course for International Masters students the majority of whose primary
motivations are to access Australian residency and employment. The third example is a
series of modules being developed to integrate into different subjects and provide a new
perspective on the course content.

There are a variety of ways to engage students with the material that provides added benefit
for them and engage the lecturer or students in more in-depth explanations to avoid forced
learning. Some are more intensive to implement than others and an assessment of their
value is necessary. This paper looks at the four strategies listed above and some results
supporting these changes are provided. However, the model chosen by lectures will often
match their preferred teaching strategies, hence a range of options with their motivations is
discussed.

Background

There are various issues to deal with when teaching Engineering and IT. We are dealing with
a cohort of students from many countries, sometimes mature age with experience in industry,
often working full time and those who grew up with online learning. At UTS, these learning
issues have influenced the implementation of flipped learning, and the approaches taken in
different courses.

With flipping, classroom lecturers are often simply providing a static method of knowledge
transmission via videos that have to be updated regularly and cannot be tailored to the
individuals. However, we have added to this process other tools such as peer review prior to
classes and it is in the classroom that we can provide active learning and motivate a diversity
of students. This diversity can create challenges.

Motivation of International Cohort

To undertake the courses, the students often pay significant fees and sometimes work more
than 20 hours per week. It is evident that many are struggling with the workload with one
student falling asleep during laboratory work raising sifnificant OHS concerns. The strong
connection with political and economic migration make Australian international students
prone to the vagaries of immigration policy. Other reasons that enhance challenges include
sometimes lower standards of preparation from their home institution, lack of support to
transition from face-to-face teaching to online learning (Kember, 2000), including a feeling of
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isolation, low communication skills in English, a lack of genuine independence of learning
strategies, and a focus almost exclusively on employment outcomes.

The success of future teaching will rely more on tailored and customized adaption of courses
to students, particularly moving towards individualised and active learning becomes more
popular. This will need to focus on the difference in motivation towards competition or
achieving as an important dimension for Australian students, and an equally potent
motivating factor for Asian students of social approval and intrinsic factors (Niles, 1995). To
cater for group differences we need to rely on providing a variety of activities and
assessment.

It is worth noting that the motivation for overseas students have been researched and can be
quite unlike the stereotypes, as for Hong Kong students:

“Courses which provide good career preparation are a source of motivation but it is
not an extrinsic form of motivation which depresses intrinsic motivation. There are
high levels of achieving motive, but it frequently has a collective nature rather than
being individual and competitive” (p. 99 Kember, 2000)

Learning Strategies across Cultures

What we need to consider is the instructional and environmental preferences of students and
what are the range of styles we need to cater for in course design. Rather than try and
classify our students each session, we would benefit more from catering for the expected
range of learning strategies we might have in the class, and encourage students to broaden
their strategies. While Hofstede’s (1986) work has been criticised for over-simplifying, to
provide some idea of the options for cultural variation around teaching and learning, we can
use his dimensions to look at activities that suit students from different cultures:

* the effectiveness of group learning and how to structure these (collectivism);

e forms of questioning in instructional groups (uncertainty avoidance);

* the expected authority, knowledge and role of the instructor (power distance);

e the use of academic or plain and emotive language by the instructor (femininity); and

e the use of praise by the instructor (indulgence).

By varying these we can provide activities that suit different student’s learning approaches.
We give examples of subject themes under these topics under strategies below.

Flipped for Engineering and IT

Concern over the practise of flipping the classroom has often arisen from the approach of
transferring the lectures to videos to view at home as a substitute for a live teacher’s
instruction, which is not considered useful (Bernard, 2015). However, there are advantages
in this approach in overcoming imbalances arising within traditional teaching. Students at the
back of the lecture theatre will not be as active or engaged as students at the front and
different personalities interact more (Freeman et al., 2014; Stumm & Furnham, 2012). This
imbalance results in approaches to learning that directly correlate with the undergraduate
students performance at graduation (Chamorro-Premuzic & Furnham, 2009). Further, videos
provide the option of repeated watching to overcome the short time span focus of most
students in lectures.

Flipped learning ultimately has to also deal with competing online courses. A motivated
student can possibly learn a university level course outside of the university system. Notably,
the emphasis on continuing education for life is increasingly adopted by professional
employees as a way to stay ahead of technological change. Flipped learning buys into the
online aspect of such learning and needs to provide added incentives and engagements for
students to ensure they benefit from the online material and learn to motivate themselves.

In skill-based courses knowledge content does need to be presented before the class in such
lectures. However, a flipped classroom requires a strategy to integrate collaborative group
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activities and meaningful, online individual instruction (Zappe et al., 2009). Some lecturers
provide assigned readings before class and offer incentives (e.g. quizzes with bonus points)
to encourage student to complete pre-work (Bates & Galloway, 2012). The difficulty is that,
as Love et al. (2014) concluded, “There is no single model for implementing the flipped
classroom approach, ... and our review of the literature indicates that the approach is still in
a stage of innovation” (p. 319). The most dramatic impact of online teaching that reflects this
niche class approach is the swelling of preparation times required to continually adapt and
monitor these flipped courses.

Strategies

The aim of this paper is to provide clear examples of strategies used at FEIT in the UTS
across various Engineering programs with some outcomes in terms of students’ results or
feedback. These examples highlight particular challenges and can assist those teachers who
wish to innovate in their subjects. It is an attempt to put into a greater context the notion of
flipped learning. We look at providing: feedback to students working on pre-class material;
encouraging student verbal interaction through peer review; providing alternative applications
of the skill in class to extend the pre-work; posing questions for post-work that encourage
non-verbal students to engage more; and narrative teaching to help students develop a
cultural context for their learning

Assessing the Flipped — the role of quiz

Providing online content before class means many students work alone whilst a small cohort
may work together. There are limited options for synchronous feedback to address this, so
self-assessment through quizzes highlight the significant concepts covered in the lecture.
Students begin thinking about the material as well as receive feedback on understanding
concepts but there are concerns that this process is isolating and unsettling for many
students. It can be partly addressed through group activities. For Transmission Systems,
group quizzes and peer assessment follow individual quizzes.

Quizzes can begin the lengthy process of teaching personal responsibility, offering a gauge
for students and their peers to monitor against. Working with others teaches team work and
communication, in turn demanding responsibility from all group members. A group variant of
traditional paper quizzes is now being done for students online.

In class peer review

Research (Patchan and Schunn, 2015) shows peer review of other’'s submitted work has
been fundamental to growth, taking assessment out of the hands of (often casual) teachers
and putting it back in the hands of the students. Peer review has the advantage of generating
student interactions, and providing an opportunity to quantify and teach teamwork. Learning
grows from relative assessment against one’s peers,

The context of peer review learning was described previously (Figueroa et al.,, 2014). The
subject focuses on preparation for industrial work through learning about transferrable skills
such as communication, ethics, OH&S, industrial relations and dive. Students attend tutorials
of up to 20 students to discuss and compare their work. A repeated theme of each tutorial is
students learning through reflection.

Rust et al. (2005) describe the process of peer review which can be used to enable students
to construct their own understanding of the assessment criteria, helping to understand what
they and the instructor is aiming to achieve in their reports. The activities in the tutorial help
develop a common understanding of the rubric enabling the students to develop their own
professional and relative assessment of their work. The tutorial process involves:

1. Introducing the concept of professional self-assessment and the exercises enabling this,
2. Have them pre-submit the work and in the tutorial those who have not done so sit out,

3. Provide the rubric and set up groups of pairs to assess each other’s work,
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4. Mark the students’ work that is submitted after rework based on peer feedback to provide
further reinforcement of the rubric approach.

In the results section, we will discuss the benchmarking exercise and its results in assessing
improvements in the students’ learning.

Tutors need to be strongly engaged in this process so that they are sufficiently prepared on
the material to use it without reverting to repeat-teaching it in class. To manage the course,
the mostly casual tutors are trained in a similar manner to students. After marking some
samples, the subject coordinator meets with tutors to discuss the marks and/or sections that
differ greatly. The rubric is reworded to match what the tutors and course coordinator
understanding of the words until a near-shared meaning is achieved. This results in the
spread in marks on each test assignment across an acceptable level, clearly an exhaustive
process if it is to be successful.

A second example was carried out in Transmission Systems. This subject allows students to
engage with the rubric to learn how it applies to a submission as well as engage in group
discussion with their peers about their work, developing a shared understanding of the task.

Redo the content in a new format or context

Much of the aim of this teaching method is to inspire students to use critical thinking to see
beyond economic drivers to the wonders of science, engineering and technology. This
aspect of what is essentially research intensive thinking is becoming fundamentally essential
in the workplace and needs to be reinstated as a primary objective of any teaching. The
Transmission Systems subject is particularly amenable because transmission systems
hardware and signal processing are underpinning societal change in the way
communications is viewed and in the way the community will function. For example in one
tutorial, we highlighted the internet of things (IoT), where a consumer fridge could have many
sensors monitored online. This emphasised how much we rely on core transmission systems
as well as highlighted how end-user directions will shape the next generation technologies.

Although purely introductory and not put into the online lectures, the aim was to point out that
the course lectures are a comprehensive backbone that remains essentially relevant in the
new language of loT, where many graduates will be expected to be participating in, not
simply in traditional telecommunications jobs. This opens up the student to a new landscape
in employment opportunities. We feel this opportunity to contemporize the course in the
tutorials without sacrificing the solid online foundations is a critical step to motivating students
and to demonstrate that the future may not be the simple economic one they began with.

We introduce scholarly pursuit to students as driving deeper technological solutions, more so
than economic factors. Examples are:

. When discussing noise in transmission, the online content was about the reduction of
noise in signals. The face-to-face discussion was opened with instead sensing noise: noise
external to the fibre is registered as distortion in the signal reflection as the features of the
fibre material changes. Hence, noise analysis from the fibre can be used to extract voice and
other signals from the area around the fibre, a potential cyber security concern.

. To demonstrate the expansive nature of the loT, several novel examples were
provided. One example was an experiment Canning was involved in, where in-line optical
fibre filters (known as fibre Bragg gratings) were used to monitor strain in the hooves of a
competitive Brazilian Creole horse and through an optical fibre cable the data uploaded as
the horse was put under standard training with a professional trainer. The training rope was
replaced with an industrial optical fibre cable collecting the data from the sensors onto
computer and online in the farm (Martelli et al. 2017). What was found was that the horse
trotting was synchronised with the heart rate of the horse. The compressible hooves were
acting as a distributed heart for the horse effectively giving the horse a five heart organ and
any misalignment of synchronisation can trigger arrhythmia. From the transmitted data an
equivalent cardiogram was possible to extract.

Proceedings, AAEE2017 Conference
Manly, Sydney, Australia 5

AAEE-2017_Full_Paper_Submission_007

18



. The growing dominance of photonics in transmission systems and the massive
problem of latency, driven initially by gaming and other interactive activities and identified as
looming challenge for ubiquitous sensing with the IoT. Given the speed of light is finite and
ultimately sets an upper limit classical mitigation of latency, what will solve the coming
latency roadblock as sensors are scaled through the internet? The students were asked to
think about this problem based on what they have been studying, and when reaching an
impasse, later the idea of quantum communications was introduced as the only viable
solution at present.

Re-present knowledge with existential angst

The final example was developed at a previous university appointment by Kutay. The classes
were activities around team formation, team building and scenarios not directly relating to,
but supporting, the assessable work. The aim of the course was to provide a situation where
the students are dealing with the required knowledge in a totally different cultural context,

The lecturer comes from a background of Appropriate Technology development in Aboriginal
communities around Australia and has been involved in technical projects in urban, rural and
remote areas. This has enabled them to understand how Aboriginal people relate to
technology and engineering concepts, which makes for some interesting narratives for
teaching and some confronting scenarios on the cultural bias in technology. The main aim of
the course is to understand how culture and society effect an engineering design.

The series of topics can be considered in light of the first four Hofstede dimensions above as

providing examples of cultural variation:

* Team development using an analogy with Aboriginal Kinship system of relationships

* Tacit knowledge sharing using story telling rather than the Socratic style

* Organisational governance and flat management where the learners are encouraged to
manage the classroom

e Sustainability and scientific expression of concepts from an observational perspective

Some of the class time involves a lecturing format, but much of the time is student discussion
of concepts relating to their experience so that students have an opportunity to unravel their
own assumptions. We are expanding this work to modules that include assessment by video
story telling and reflective journals.

Results

The aim of the paper is to provide some strategies for providing active learning for students,
through flipping the classroom. However, the aim is also to verify the success of each
strategy before recommending the approach to other lectures. The approach is to encourage
critical thinking and analysis supported by enthusiasm and genuine interest, yet this is hard
to assess. We can only assess changes in content learning outcomes within these new
environments, or students expressed motivation.

Peer Reviews and Quizes

The work done on flipping the workplace preparation course involved flipping the lectures,
running quizzes on these and providing in class peer review of student's work. After
reviewing the lecture material at home, the students were involved in peer discussion over
their activities and used the analytical rubric themselves to assess others work. This ensures
not only that the students read the rubric, but engage in active learning of the rubric
concepts, enabling them to not only assess their own work before submission but consider
why specific aspects are valued and what is being sought in the assessment. (Jackson &
Larkin 2002).

The outcome of the new mode of learning, compared to the previous session’s subject
(which was not flipped) was an 23% improvement in the initial assessment based on pre-
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study and quiz; and an 18% improvement based on learning from peer-review, with a
satisfactory mark set at 11/20 for Resume 2. The rest of the cohort had to resubmit.

Table 1 Results for the Resume assessments across the two formats

Pre-flipping Post Flipping
Resume 1

Resume 1 Resume 2 after quiz Resume 2
Total mark /5 /20 /5 /20
No Students 218 222 124 122
Average 2.28 11:23 2:59 12
Std 0.91 3.63 1.05 3
Min 0 0 0 4
Max 5 19 5 17
No Satisfactory 84 135 77 96
% Satisfactory 39% 61% 62% 79%

Redo the content in a new format or context

The student open response to the feedback survey (SFS) results for the Transmission
Systems subject are shown in Table 2. Reflecting the disparate variation in expectations for
the flipped postgraduate course, are comments 7-6 and 7-8. These appear often and are
probably unavoidable. They reflect the earlier discussion around the background of the
students, many of whom were inadequately prepared for post-graduate study. It was for
many their first exposure to online learning of this nature. Rather than simply being
diametrically opposed, both comments clearly reflect a different level of maturity around
learning responsibility. This tends to reflect that some aspects discussed in this paper did
achieve some of the critical elements we aspire to in presenting such courses.

After a session of lectures where students were exposed to new topics and research in the
area being discussed, we were delighted to see that in general the student feedback surveys
were positive. The first comment 7-1 recognises the effort that was put in. We believe this is
a fundamental re-evaluation of motivation and inspiration needed in all teaching.

Table 2: Results on Student Feedback Survey for Transmission Systems
7 What did you particularly like in this subject? 8 Open question 17.78

Most of the topics covered could be related to the real world applications. Professor helped us to think of what we
7-1 study and how to apply innovative ideas to the existing technology. This is very important to me. Transforming what we
have to something new would be great.

7-2 The content.
7-3 Overall good..however it may be better if subject focus on less content more deeply rather than more contents.
7-4 All the subject content is best and understandable videos make it simpler.

7-5 interest showed by the instructor during the tutorial sessions

7-6 | like the structure of the subject. The lecture videos is also great. There are very clear and not boring.
7-7 i liked the level of details in each chapter.

7-8 | don't like learning this subject just by watching the video.

Re-present knowledge with existential angst

The cross-cultural material was presented as part of larger subjects, to take a fresh
perspective on relevant topics, and often the knowledge provided in class was not the
assessable material, but simply a way to engage students more in the process or critique the
approach proposed by the course content. The move to include Indigenous knowledge into
the assessment across Engineering subjects will enable the class to engage more fully in
cross cultural material relevant to their employment and engagement in Australian
technological development.

Conclusion

A range of customising approaches to enhance student engagement in flipped classrooms
has been analysed. Their applicability and success may depend on the lecturer or specific
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aspects of the student cohort, but the examples provide some evidence for the application of
various novel approaches in teaching. These are examples where flipping the classroom
gives the lecturer and the students much greater scope for learning concepts of knowledge
creation, analysis, problem solving and cross-cultural understanding.
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SESSION: C1 Integration of theory and practice in the learning and teaching process

CONTEXT Republic Polytechnic in Singapore uses a range of lesson delivery pedagogies,
namely: Problem-Based Learning, Interactive Seminar, Cognitive Apprenticeship and
Project-Based Learning. Republic Polytechnic, School of Engineering has an interest in
exploring methods to enhance students’ learning in engineering modules. One idea is to
explore the use of a topic-focused Case Study Paper that would span across a few lessons
in an engineering module.

PURPOSE The purpose of the study is explore the usage of a Case Study Paper in a
practical module for the school to enhance the student learning experience.

APPROACH This randomized experimental study involved engineering students who were
taking Microcontroller Systems module in academic year 2016-2017 . A topic-focused Case
Study Paper was added to the required student delivery of the module for this experimental
study. A small group of 30 participants were randomly chosen from the cohort taking the
module, and their Case Study Papers were analysed. The analysis performed were analysis
using scoring rubric and Content analysis to categorize the students’ work according to
themes.

RESULTS Results from the scoring rubrics revealed that students needed help to improve
on technical depth of the paper and clarity of presented diagrams. It also revealed students
are good at transferring knowledge from other modules or from content learnt from
Microcontroller Systems module to the Case Study Paper. Content analysis helped to
answer these two questions:

. What are the applications that students proposed in their Case Study Paper that has
a microcontroller?

. When students describe the applications, did they describe the major electronic
components?

CONCLUSIONS While the results from the analysis of the Case Study Paper for the
Microcontroller Systems module in this study has been quite positive, its effectiveness in
improving students’ learning is not conclusive due to the limitations of the study.

KEYWORDS Case-Based Learning, Case Study Method, STEM, Engineering Case Study.
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Introduction

A polytechnic in Singapore adopts a range of pedagogies, namely: Problem-Based Learning
(PBL), Interactive Seminar (IS), Cognitive Apprenticeship (CA) and Project-Based Learning
(PjBL). The School of Engineering in the polytechnic has an interest in exploring methods to
enhance students’ learning in engineering modules. One idea is to explore the use of the
Case Study Method that would span across a few lessons in a module.

Objectives of Study

The purpose of the study is to focus on exploring the usage of the Case Study Method in a
hands-on practical module for the school to enhance the student learning experience. This
randomized control trial study involved engineering students who were taking Microcontroller
Systems module. A topic-focused Case Study Paper was added to the lesson plan of the
module for this experimental study with institutional ethical approval.

Case studies are stories that are used as a teaching tool to show the application of a theory
or concept to real situations. Cases can be fact-driven and deductive where there is a
correct answer, or they can be context driven where multiple solutions are possible. Case
studies have been widely used as a teaching tool in various disciplines and educational
institutions. The use of case study method dates back to 1870, when Harvard Law School
newly appointed dean, Christopher Columbus Langdell, introduced law-based case studies
in the school. (Garvin, Sept-Oct 2003)

Methods

Participants of this study included second year students from the School of Engineering in
the polytechnic in the academic year 2016-2017, taking the Microcontroller Systems module.
This module was conducted using the polytechnic’'s Problem-Based Learning (PBL)
pedagogy. Table 1 shows the typical daily routine for a student in the polytechnic using the
Problem-Based Learning pedagogy. The starting time for the day’s lesson for students of
different years varies to avoid congestion in the canteens during break hours. There is an
assigned lecturer and about 25 students per class. Individual students are required to submit
a reflection at the end of each day’s lesson, which is called a ‘reflection journal’ at the
polytechnic.

However, in this experiment an assignment was added to write a Case Study Paper. The
lecturer introduced the assignment to the students, and the topic for the paper was released
in the first lesson in the Microcontroller Systems module. The students were to write the
paper about an application of microcontroller(s) they had encountered in their daily life. The
Case Study Paper included:

. Student’s idea about the application

. Description and functionality of the system

. Input and Output(s) list

. Student’s idea about a block diagram of the system

Scaffolding for this assignment was provided during the first four lessons of the module.
Instructional scaffolding provides students with support to allow them to complete their tasks.
Benson (1997) describes scaffolding as a bridge used to build upon what students already
know to reach a new concept. Specifically, scaffolding came in the form of the reflection
journals and guidance from the lecturer. For lessons one to three, there were specific
reflection journal questions that helped students answer a part of the Case Study Paper. In
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lesson four, Learning Phase Three was used to help students finalize the Case Study Paper
for submission.

Table 1: Lesson Routine in the Polytechnic’s Problem-Based Learning Pedagogy

Students receive a problem as a trigger for learning. With the help of
the lecturer, the students examine the problem and clarify what it is
they know and do not know and formulate possible hypotheses.
Each group identifies learning issues they will investigate. Groups
employ research strategies to collect relevant information. Students
collect different Information so that their knowledge may diverge at
this point.”

Lecturer leaves the class. Groups are on their own to continue to do
their work or go for break.

The groups of five meet individually with the lecturer to discuss their
Learning progress. Students continue in their group of five to review resource

Learning

60mins Phase 1

45mins Break

90mins Phase 2 materials and peer teach what it is they have learnt from their
research. Information convergence? should take place.
. Study Lecturer leaves the class. Groups are on their own to arrange for
90mins ) ;
Period lunch break and prepare for presentation.
Learnin Each team presents its findings to the other groups. Groups discuss,
120mins Phase 3? defend and justify their outcomes. Lecturer presents recommended

answer to the problem.

Out of 164 students who submitted their Case Study Papers, 30 students were randomly
selected for the study with their consent. Analysis was performed on these selected Case
Study Papers. The analysis was separated into three parts:

* Analysis using scoring rubrics (Table 2)
» Content analysis to categorize the students’ work according to themes
» Comparison of the quality of Case Study Paper to the quality of the reflection journals

The Valid Assessment of Learning in Undergraduate Education (VALUE) rubrics, developed
by Association of American Colleges and Universities’ (AAC&U) Liberal Education and
America’s Promise (LEAP) initiative, were referenced when creating the customized scoring
rubrics in Table 2. Moskal (2000) states that by developing a pre-defined scheme for the
evaluation process, the subjectivity involved in evaluating a student work product (she was
discussing an essay, specifically) becomes more objective.

" From the Problem Statement, student work out what they know, what they do not know, and what they need to
find out. The initial search for information is divergent and not all information will lead to the solution. This is
encouraged in learning phase 1 to inculcate brainstorming and creative thinking.

2 The lecturer work with each team to help them combine the information they had collected individually to lead to
a possible solution for the problem of the day.
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Table 2: Scoring Rubrics for Case Study Paper

CATEGORY Excellent (4) Very Good (3) Satisfactory (2) Weak (1) Unsatisfactory (0)
Components of Case |All required elements |All required elements |One required element |Several required All required elements
Study Paper are present and are present. is missing, but elements are missing. |are missing.

additional elements additional elements

that add to the report that add to the report

(e.g., thoughtful (e.g., thoughtful

comments, graphics) comments, graphics)

have been added. have been added.
Amount of All subtopics are All subtopics are All subtopics are One or more subtopics |All subtopics are
Information addressed with at addressed with at addressed with at are addressed with addressed with less

least 100 words each
(except diagrams
sections).

least 80 words each
(except diagrams
sections).

least 50 words each
(except diagrams
sections).

less than 50 words
(except diagrams
sections).

than 50 words (except
diagrams sections).

Quality of Information

Information clearly
relates to the main
topic. Itincludes three
or more supporting
details/examples.

Information clearly
relates to the main
topic. It provides at
least two supporting
details/examples.

Information clearly
relates to the main
topic. It provides at
least one supporting
detail/example.

Information clearly
relates to the main
topic. No supporting
details/examples are
given.

Information has little
or nothing to do with
the main topic.

Explanation of

Explanation is clear.

Explanation is clear.

Explanation is a little

Explanation is difficult

No Explanation given.

Application There is technical difficult to understand, |to understand and is
depth in the but includes major missing several
explanation. components of the components of the
proposed application. |[proposed application.
Diagrams & Diagrams and Diagrams and Diagrams and Diagrams and No diagram and
lllustrations illustrations are neat, |[illustrations are illustrations are illustrations are not illustration.

accurate and add to
the reader's
understanding of the
topic.

accurate and add to
the reader's
understanding of the
topic.

accurate and
sometimes add to the
reader's
understanding of the
topic.

accurate OR do not
add to the reader's
understanding of the
topic.

Application of
Transfer

More than two clear
applications of
knowledge and skills
from previous learning
(from current module
or from previous
modules).

At least two clear
applications of
knowledge and skills
from previous learning
(from current module
or from previous
modules).

At least one clear
application of
knowledge and skills
from previous learning
(from current module
or from previous
modules).

At least one vague
application of
knowledge and skills
from previous learning
(from current module
or from previous
modules).

No application of
knowledge and skills
from previous
learning.

As Tedds and Brady (2009) write one of the limitations of an analysis based on scoring
rubrics is that it can be highly interpretive, making it difficult to generalize the results.
Content analysis is performed for this study to address the limitation of scoring by using a
rubric. Two questions that the content analysis can help to answer are:

. What are the applications that students proposed in their Case Study Paper that has
a microcontroller?

. When students describe the applications, did they describe the significant electronic
components?

To answer the first question, major categories of applications were identified and their
occurrence counted. The answer to this question can help to identify what are the easier
categories for students to propose. To answer the second question, significant electronic
components were identified and their occurrence counted. Collectively, these data can help
to identify gaps in what students should include in their application descriptions.

Because the reflection journal in lessons one to three are used to provide scaffolding for
students to complete their Case Study Paper, we hypothesize: (1) the content of the journals
and the Case Study Paper should not deviate too far, and (2) the quality of the Case Study
Paper should be better than the quality of the journals. Lessons one and two journals are
used for the comparison analysis. Lesson three journals were not used as they were done
offline on paper and not submitted for analysis for this study.
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Results

Using the scoring rubrics, the Case Study Papers of the 30 students were rated. For each
student, the final rubric score was computed from the average scores of the six categories
that composed the rubric. From those average scores, the mean, median, and standard
deviation were computed based on the students’ average scores and tabulated. The
histogram in Figure 1 shows that the distribution closely resembles the bell curve, with a
steeper slope on the right side of the mean. It can also be observed that the distribution is all
on the right side of the graph, with lowest score being 1.83.

Histogram
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£ Lowest 183
o4 Mean 311
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Figure 1: Histogram, Mean, Median, and S.D of Students' Average Scores

The mean score for each of the six rubrics category was computed and shown in Figure 2.
The ‘quality of information’ category had the highest mean of 3.67, followed closely by the
‘application of transfer’ category and ‘components’ category with means of 3.6 and 3.5,
respectively. The means for the ‘explanation of application’ category, as well as the
‘diagrams and illustrations’ category, are lower than the overall rubrics mean of 3.11, scoring
2.63 and 2.27 respectively. The students’ average continual assessment grade is about 2.2
to 2.5 for Microcontroller Systems module. A rubric mean above this value can be considered
as above average.

Rubric Category Mean
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Figure 2: Students’ Rubric Category Mean
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Content analysis identified four types of applications the students wrote about: Household
Equipment, Entertainment Devices, Office Equipment, and Miscellaneous. The distribution
of the applications by categories is shown in Table 3. The application categories are mutually
exclusive so there was a total of 30 applications.

Table 3: Student Identified Application Categories of the Case Study Paper Submissions

Categories Occurrence
Household Equipment 15
Entertainment Devices 9
Office Equipment 2
Miscellaneous 4
Total 30

Further content analysis revealed that 29 out of 30 students described electronic
components and wrote about their use. Among the electronics components mentioned in the
papers, LEDs (Light Emitting Diodes), buttons, switches, keypads, sensors, buzzers and
speakers were most prevalent. The applications proposed by the students are also examined
to identify if these components should be included. LEDs should be included in 27
applications. Fourteen out of these 27 applications mentioned and described the use of
LEDs. Buzzers and speakers should be included in 10 applications. All 10 of these
applications described the use of buzzers and speakers. All 30 applications should include
the description of buttons, switches or keypads, and 23 applications do mention and describe
them. Sensors should be included in 25 applications, and 20 applications described them.
The electric motor should be included in 19 applications, and it was included in 10
applications.

The students’ Case Study Papers were compared to their reflection journals for lesson one
and lesson two. The correlations between the reflection journals and the Case Study Paper
were analyzed. The students would fall into one of the six mutually exclusive categories
depending on how similar the entries in their reflection journals were to the sections of their
Case Study Paper:

» Category One: Students with both lessons one and two reflection journals identical,
almost identical, or identical subset (this means part of the RJ and the related section
of the CSP contains exactly the same information in the same wordings.) to the
application and system functionality description sections of their Case Study Paper.

» Category Two: Students with both lessons one and two reflection journals related to
the application and system functionality description sections of their Case Study
Paper.

» Category Three: Students with lesson one reflection journal related to the application
section of their Case Study Paper and lesson two reflection journal identical, almost
identical, or identical subset to the system functionality description section of their
Case Study Paper.

» Category Four: Students with lesson one reflection journal identical, almost identical,
or identical to the application section of their Case Study Paper, and lesson two
reflection journal related to the system functionality description section of their Case
Study Paper.

» Category Five: Students with lesson one not related to their Case Study Paper, and
lesson two reflection journal related to the system functionality description section of
their Case Study Paper.
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+ Category Six: Students with both lessons one and two reflection journal not related to
their Case Study Paper.

Table 4 summarizes shows the number of students in each category when we correlate the
similarity in quality of the entries in the reflection journals to the overall rubric scores on the
Case Study Paper. For each category, the average rubric scores of all students in the
category is shown.

Table 4: Summary of Six Categories Average CSP Rubric Score

Average CSP Rubric Score| Number of Students
Category One 3.11 12
Category Two 2.93 10
Category Three 3.08 4
Category Four 3.67 1
Category Five 3.67 p
Category Six 3.33 1

Discussion

Referring to Figure 1, the overall scoring mean for the Case Study Paper is 3.11. This
suggests that students performed above average for the Case Study Paper. Looking more
deeply into the separate categories of the scoring rubrics, it can be observed that students
performed better in some categories than in others. This analysis seems to suggest students
are best at providing quality information and applying transfer of knowledge. Students are not
very good at providing technical depth as reflected in the lower score for explanation of
application category. The worst category is diagrams and illustrations category, which
indicates that students need help to improve in this ability. One of the possible reason for the
low mean score of 2.27 for this category is that the system functionality description and the
block diagram were done in lessons two and three respectively. Most students probably did
not visualize a block diagram in lesson two when explaining how their proposed application
functions. In lesson three, these students probably did not refer back to their written
functional description in lesson two while drawing the block diagram for their system. In
lesson four, when the Case Study Paper is due for submission, a review to check for
consistency between the system functional description and the block diagram was probably
not done either.

The content analysis findings summarized in Table 3 revealed two major categories of
applications described by students: Household Equipment and Entertainment Devices. This
suggests that it is easy for students to relate to equipment commonly found in the home or
systems used for entertainment as examples of microcontroller applications. This familiarity
with certain types of equipment can be used to the instructor’'s advantage as he/she can
discuss these applications in class, and the students will understand the reference. The
content analysis findings also indicate that 29 out of 30 students described at least one
electronic component in their papers. This shows that most students are able to apply prior
knowledge and skills from the Microcontroller Systems module and from other modules like
Engineering Design and Digital Electronics. Closer analysis indicated that while most
students included buzzers in their applications, many omitted the LEDs, sensors, switches,
or motors in their system. This suggests that we need to help students better understand the
complexity of the systems we want them to be familiar with.

Referring to Table 4, it can be observed that Category One has a higher average rubric score
compared to Category Two. This means that students whose reflection journals in both
lessons one and two were identical, almost identical, or identical to the sections in those
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students’ Case Study Paper performed better than students whose reflection journals were
only somewhat related to the sections of their Case Study Paper. This suggests that the
strategy of using what had been written in reflection journals to write complete sections of the
Case Study Paper is an effective one, which can also help the instructor guide the students
in writing a Case Study Paper. Although there were only four students in Categories Four,
Five, and Six, we do note those students had higher averages than the students in Category
One. This suggests that a few students are strengthening what they wrote in their reflection
journals to develop sections of their Case Study Papers. We need to think about how
instructors can further encourage this kind of improvement.

Limitations of the Study

While the study provides new insights into the use of the case study method for the
polytechnic and other engineering schools, there are some unavoidable limitations of this
study. First, as this is an individual thesis work, the Principal Investigator is the only analyst
of the study. Having at least two people rate both the RJs and Case Study Papers would
allow for inter-rater reliability, which strengthens the rigor of the findings. Second, due to time
constraints, this study was conducted with only 30 randomly selected students from the
cohort of students taking the Microcontroller Systems module. Lastly, the results of the
Microcontroller Systems module examinations for the cohort of students who wrote the Case
Study Paper should be compared to the exam scores of the cohort of students who did not
do the Case Study Paper. This can help reveal if the Case Study Paper helped students
improve their performance in the module. However, prior Microcontroller Systems module
examinations do not have any questions related to Case Study Paper. While the Mid Term
Assessment (MSA, similar to a mid-term exam) for this cohort includes a question related to
the Case Study Paper, there is no comparison from past results.

Recommendations

This study has shown the Case Study Paper has promise as an assignment in the
Microcontroller Systems module. However, the analysis in this study has helped to identify
some issues with the implementation of the Case Study Paper. These issues, however, can
be resolved with more stringent requirements and better facilitation in future
implementations. Instructors implementing the Case Study Paper in the Microcontroller
Systems module in the future should consider these recommendations:

e The assignment should add a requirement that emphasizes technical depth.

e The lecturer(s) should provide more guidance to students on how to produce papers with
more technical depth.

e The lecturer(s) should provide more guidance to the students on drawing and explaining
block diagrams.

e The students should be directed to use a platform (e.g., DrawlO) that allows for the
standardization of the block diagrams.

e The lecturer(s) can recommend that the students use household equipment or
entertainment devices for their applications since these seem easier for the students to
comprehend.

e The lessons on the usage of LEDs in microcontroller applications should be reviewed to
create a better awareness among students about how LEDs are used in micro controller
applications.

e The usage of motors should be reviewed in the other engineering modules.
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e The lecturer(s) should recommend the students use the RJs to scaffold complete
sections of the Case Study Paper; this seems to result in better submissions.

e A full-day lesson should be implemented on writing the Case Study paper in the lesson
the Case Study Paper is due. This would allow students more time to review, edit, and
add information to their Case Study Paper. The lecturer(s) would also have more time for
guiding students.

e The Case Study Paper should be implemented in later lessons in the Microcontroller
Systems module instead of lessons one to four. All basic I/Os can be covered prior to the
Case Study Paper, and students would be better equipped with microcontroller
knowledge and skills.

Conclusion

While the results from the analysis of the Case Study Paper for the Microcontroller Systems
module in this study has been positive, its effectiveness in improving students’ learning is not
conclusive due to the limitations of the study. More analyses should be done by a team. For
now, it is recommended that the Case Study Paper be implemented for a few more runs in
the Microcontroller Systems module to collect more data for future studies.
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CONTEXT

Research in conceptual understanding has shown that students are not developing the
foundational knowledge necessary that will assist them later on in their academic and
professional career. Additionally, when the knowledge is categorized as closely related to
important and real problems, students are more likely to be motivated and have a greater
ability to learn. Many educational problems are intentionally decontextualized, meaning that
students are often learning in contexts that are not important or relatable to students which
could influence how that knowledge is categorized. Understanding how students categorize
knowledge can provide insight about their ability to apply knowledge in different contexts and
how it impacts their preparation for engineering practice.

PURPOSE

The purpose of this paper is to compare how practicing engineers and students organize
their knowledge into categories and realms of knowledge when working on or presented with
an open-ended, multidisciplinary engineering problem.

APPROACH

Phenomenological interviews were conducted with 19 practicing engineers who worked on
two different multi-disciplinary engineering projects. Practicing engineers were asked about
their role in the project and their responsibilities. Semi-structured clinical interviews were
conducted with 42 senior-level engineering students from a large university and a technical
college. Sampling was conducted through email solicitations sent by the instructors of the
senior-level courses. Engineering disciplines represented in the sample include Biological,
Chemical, Civil, Computer, Electrical, Environmental, Embedded Systems, Industrial,
Mechanical, Nuclear, Renewable Energy and Software engineering. During the interviews,
students were presented with one of the real-world multidisciplinary engineering problems
and were asked to discuss how they would complete a portion of the design that most closely
related to their area of expertise.

RESULTS

Students were found to categorize knowledge differently compared to practicing engineers. A

majority of the students referred to the interfaces between project roles as fixed and well-

defined while practicing engineers spoke about these interfaces as dynamic and ill-defined.
CONCLUSIONS

The results presented here further emphasize the importance of utilizing real-world
engineering examples to motivate students and assist them in developing foundational
conceptual knowledge. Understanding how students categorize knowledge has provided
insight into how differences between the contexts of engineering education and engineering
practice could affect students’ preparation to enter the workplace. Possible implications
include what courses engineers are required to take and how to better design foundational
courses such as physics and math to help students rehearse key skills and make
connections to their own success as engineers so that key concepts relate to important and
real-problems to help motivate students to learn.

KEYWORDS
Multidisciplinary, Categorization of Knowledge, Epistemology
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Introduction

Research in conceptual understanding has shown that students are not developing the
foundational knowledge necessary that will assist them later on in their academic and
professional career (Hake 1998, Streveler, Litzinger, Miller, and Steif 2008, Streveler, Brown,
Herman and Montfort 2014). But it is expected that students develop conceptual
understanding as required by accreditation agencies (ABET, 2016; Engineers Australia,
2016). How and to what extent students are able to build fundamental and flexible knowledge
that can be applied to a range of circumstances is dependent on how the knowledge is
categorized (Bransford, Brown and Cocking 1999, Brown, Collins and Duguid 1989).
Categorization of knowledge depends on the links students make between concepts and the
circumstances in which they apply (Saljé 1999, diSessa 2002, Ivarsson, Schoultz and Saljo
2002). But research has shown that students often struggle with the actual categorization
process (Chi and Roscoe 2002, Chi 2005). To alleviate this issue, researchers suggest that
problems should be closely related to important and real problems to aid in categorization,
increase motivation, and enhance the ability to learn. (Pintrich, Marx, and Boyle 1993,
Sinatra 2005). Therefore, the research presented here utilizes real-world engineering
problems to gain a better understanding of how students expect to categorize knowledge
compared to practicing engineers. Understanding how students and practicing engineers
categorize knowledge can provide insight about how they learn and how that learning
impacts their preparation for engineering practice.

Purpose

The purpose of this paper is to better understand how students predict and engineers
organize their knowledge into categories and realms of knowledge when discussing an open-
ended, multidisciplinary engineering problem.

Methods

We identified and utilized two real-world engineering problems for our research with the
assumption that meaning and knowledge is constructed through experiences. Selecting two
real-world engineering problems occurred with the assistance of engineering faculty who
teach senior design courses and drew upon their industry contacts. The problems had to
meet the following criteria in order to be considered for our study: 1) an engineering project
that involved multiple disciplines in which individuals worked across disciplines throughout
the project, 2) represent different types of common engineering work, and 3) at least 3
engineers on the project willing to participate in a 50-minute interview. This resulted in the
selection of two engineering projects that were significantly different. The projects differed in
innovativeness — Project A required the development of innovative technology and
components and their application in largely unknown environments, while the Project B
utilized well established best practices to maximize efficiency in solving a familiar problem in
a new location. In total, 19 engineers volunteered to participate in phenomenological
interviews lasting approximately 50 minutes each — 12 from Project A and 7 from Project B.
The interview questions were designed to elicit insight about knowledge domains through
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questions such as “What were you responsible for designing and creating?” and “How do you
know the work you complete is correct?” All participants were offered compensation but only
participants from Project B accepted.

Once the practicing engineer interviews were completed, engineering students were
recruited. Recruitment of engineering students occurred at both a large public university (>
20,000 students) and a technical college (< 5,000 students) by contacting senior design
course instructors that corresponded to the disciplines represented in the real-world
engineering projects. Senior design course instructors either emailed the recruitment
solicitation directly to their class or posted it on their classroom management software (ex.
Canvas). Interested students emailed the researcher directly and coordinated a time for a 50-
minute interview. A total of 13 students were recruited from the technical college spanning
five engineering disciplines: Civil, Mechanical, Software, Embedded Systems, and
Renewable Energy. From the large university, 29 students participated spanning eight
disciplines: Civil, Mechanical, Computer, Biological, Nuclear, Environmental, Chemical, and
Electrical.

Student interviews were based on clinical interviews designed to elicit student reasoning with
the help of the interviewer. The interviews utilized a simplified project description of Project A
and Project B. Students only responded to questions about one of the projects, which was
dependent upon their discipline. During the interviews, students first read the project
description and selected a role they felt most comfortable and prepared to talk about. For
example, a civil engineering student read Project B and selected the area surrounding the
building (parking, run-off, etc) before being asked what they think they would be responsible
for designing or creating. The students were asked to focus on a singular role when
responding to questions in order to provide focus to the interview and to gain an
understanding of how students categorized their knowledge relative to a specific project role.

All of the interviews were recorded and transcribed before data analysis occurred. Data
analysis began with a read-thru of all of the raw text with a broad research question in mind:
“how does the interviewee divide their knowledge into categories?” (Auerbach and Silverstein
2003). In pursuit of this question, the analysis focused on discussions about responsibilities,
design decisions, and interactions between engineers working on the same project. Next, we
coded the data for repeating ideas which resulted in a theme about how students and
engineers bound their knowledge. Within this theme, we analysed student responses to one
question: “Are there aspects that you think you have to rely on other people to assist you
with?” For comparison purposes, we analysed practicing engineer responses to a similar
question “Are there certain areas that you’ve had to rely on others to assist you with?” This
question was purposefully left open-ended to allow students and practicing engineers to
answer it as they saw fit. Next, we created finer grain codes that identified the ways students
and practicing engineers bound their knowledge which are presented in the following section.
Comparing students to engineers in this manner provides insight about where students are
currently in their organization of knowledge compared to how engineers actually practice.
Comparing the two therefore is important in understanding in what ways engineering
education can be improved.

Results and Discussion

Our findings show that students mostly referred to the interfaces between knowledge
domains as fixed and well-defined compared to engineers who saw these interfaces as
dynamic and ill-defined. In other words, students treated these interfaces as consistent,
predictable and easily perceived. Students viewed their interactions with the interfaces in
terms of receiving facts and figures, while the practicing engineers treated the interfaces as a
fuzzy grey area that required them to interpret and negotiate.
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For example, many students said something similar to this quote:

As long as | had all the information [l could do my design]. [Student]

The information the student was referencing is the information necessary to complete their
design and signifies that the student sees a clear divide at the interface between what they
know and what others know, and a fairly simple process of communicating the necessary
knowledge across the interface. This is in contrast to how the practicing engineers spoke
about the grey area that exists at interfaces which is seen in the following example.

The design manager has kind of the ability to give input over the different
disciplines and make decisions when we may wanna to go one way or the
other. [Practicing Engineer]

Like many of the engineers, this participant’s response focused on the circumstances where
two disciplines have a conflicting idea about a design component. This response takes for
granted that there are multiple solutions from different perspectives, and moves on from that
assumption to discuss details of how to manage the interface between project roles and
disciplines.

We build on the previous idea of students seeing interfaces as a simple communication
process by showing that students often view communication at interfaces as one-directional.

Yeah, I'd definitely be relying on other people for information like air space
and how much liquid | can bring on the actual trip, how much weight | can
take up, and all that stuff. [Student]

Here, the student speaks about receiving design parameters — like weight — from “other
people” showing that the student sees a division between what they know and what others
know. This quote makes it clear that the student is treating this interdisciplinary information
as design parameters and constraints, without acknowledging their own role in providing
information or negotiating constraints across those boundaries. While this reflects typical
practices in an academic setting, the student fails to recognize that there is room for
negotiating these parameters with a well-formed and supported argument. Unlike the
students who speak about receiving knowledge in a one-directional path, the practicing
engineers’ discussions at the interfaces occur on a bi-directional path or in a circular motion.

And | have relied on their input on whether or not the wall thicknesses are
appropriate. Especially whether or not it is manufacturable, is it something
they can actually build reasonably. And particularly strength and what kind
of inserts will work for the threaded screws and all that sort of stuff. | have
been able to go back and forth with them on some of that. [Engineer]

The mechanical engineer in this example was trying to determine if the designed
polycarbonate manifold that is thermally fused together could be produced and how it could
integrate with other components of the design. The key words in this quote are “input” and
“go back and forth” indicating that the engineer sees knowledge at the interface as
negotiable. Additionally, the phrase “is it something they can actually build reasonably”
shows awareness by the engineer that while his design might fit the given parameters, it may
not be manufacturable revealing that a grey area exists at interfaces in engineering. This
quote is a prime example of how engineers do not see a clear divide in knowledge but
instead negotiate and re-synthesize information as design progresses.

In the next examples we show how students and practicing engineers refer to interfaces
relative to the process of engineering design.

Proceedings, AAEE2017 Conference
Manly, Sydney, Australia 4

AAEE-2017_Full_Paper_Submission_010

34



Like, gathering information there's gonna be a lot of outside communication
and then the design work | think happens like more within me and then
within my department.[Student]

The student is focused on gathering information through communication with others on the
project and says “...the design work | think happens like more within me...” suggesting that
design occurs in solitude once parameters are defined by an authority. Again, this
exemplifies the idea that students treat interfaces as unambiguous and straightforward. On
the other hand, practicing engineers see these interfaces as ambiguous which can be seen
in the following example about one discipline asking another for an adjustment.

...they may come to me and ask for an adjustment and then I've got to
coordinate that with everybody else, structural and everybody to make sure
that it's not going to be a problem. [Engineer]

Here, we see how one engineer asked for an adjustment which caused a ripple effect in the
design by other engineers. This shows how design parameters are often fluid and changing
and open for negotiation.

Conclusion and Next Steps

In sum, a majority of students defined interfaces (and thus knowledge boundaries) as fixed
and well-defined unlike the practicing engineers who spoke about these interfaces as
dynamic and ill-defined. This supports findings from similar studies that show students
struggle bridging the divide between what they learn in class and the “real” world (Elby 2001,
Hammer and Elby 2003, Lising and Elby 2005). This finding adds to the literature by better
understanding specific locations where students struggle to bridge the divide between the
academic setting and the workplace.

Understanding how students categorize knowledge at interfaces has provided insight about
how students’ categorizations differ from practicing engineers. This echoes previous
research that suggests that students’ development of knowledge is likely to be bound in an
academic or classroom context (Brown et al. 1989). The research presented here adds to the
body of existing literature by suggesting a shift from understanding personal epistemology to
understanding epistemic practices. Additionally, our findings suggest the need to incorporate
epistemic practices found in engineering practice early on in the educational experience so
that students are prepared to enter engineering practice. For example, by providing students
more opportunities to work on open-ended and ill-structured problems that have multiple
“correct” solutions.

Next steps include a more in-depth analysis comparing the students with practicing
engineers. By doing so, we hope to uncover additional dimensions of epistemic practices in
which students and engineers differ. Additionally, we plan on proposing modifications to
teaching practices that could expose students to the epistemic practices commonly found in
engineering practice.
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CONTEXT

Employers and education researchers alike increasingly advocate teamwork as a means of
developing skills that engineering graduates need, and accreditation bodies consider the
ability to both lead and function on teams as an important outcome for engineering
graduates. At the same time, we know that teamwork can be a site for the manifestation of
gender biases. The literature is full of conflicting findings on how teamwork can promote
and/or hinder diversity in education, and those conflicting findings need to be made sense of
so that best practices can be implemented. To that end, we are conducting an integrated
literature review of higher education research on gender and teamwork. This paper builds on
and advances other meso-level analyses of gender in engineering education research that
have been published over the past decade.

PURPOSE

The purpose of this paper is to analyse the higher education research landscape related to
gender and teamwork with the aim of identifying how it should inform engineering educators’
practices, and how it should inform future engineering education research.

APPROACH

This paper is a meso-level analyses of higher education journal articles published between
2000 and 2016. An international dataset of 54 articles about gender and teamwork, primarily
from engineering and business fields, was analysed. As a first step in mapping that body of
literature, this paper presents findings on geographic and disciplinary origins, methods
utilized, topics studied, and gaps that future research should address.

RESULTS

The leading topics investigated were: effects of team composition; student perceptions
and/or experiences; self and/or peer evaluation; and learning styles. Across the board,
findings were mixed, such that it is hard to draw conclusions related to any facet of teamwork
based on this integrated, multidisciplinary dataset. Similar to prior meso-level analyses in
engineering education, we found that almost all articles utilized quantitative methods and
very few engaged gender theories.

CONCLUSIONS

Several limitations of the research landscape are important to highlight: 1) dominant research
designs and questions may not be the best for capturing the experiences of minority groups
or understanding gender in teamwork; 2) important findings from books and conference
papers are not yet reflected in the articles; and 3) use of ill-supported concepts, such as
learning styles and Myers-Briggs, instead of gender theories is problematic, and future
research should more deeply engage gender theories. If possible, a systematic metaanalysis
of this dataset would be useful, and, given the mixed results present in the dataset,
researchers should be cautious about claiming teamwork is inherently good for diversity.

KEYWORDS
Gender, teamwork, PBL
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Mapping the Integrated Research Landscape on Gender
and Teamwork in Higher Education: 2000-2016

Introduction

Teamwork is increasingly seen as an important component of engineering education
programs (Borrego, Karlin, McNair, & Beddoes, 2013; Male, Bush, & Chapman, 2010, 2011;
Paretti, Cross, & Matusovich, 2014; Purzer, 2011). Employers and education researchers
alike advocate teamwork as a means of developing skills that engineering graduates need
(Purzer, 2011), and Engineers Australia considers the ability to lead and function on teams
as an important outcome for engineering graduates (Engineers Australia, 2016). However,
“despite the clear emphasis on teamwork in engineering and the increasing use of student
team projects, our understanding of how best to cultivate and assess these learning
outcomes in engineering students is sorely underdeveloped (McGourty et al., 2002; Shuman,
Besterfield-Sacre, & McGourty, 2005)” (Borrego, Karlin, McNair, Beddoes, 2013, p. 473).

One aspect in which this is particularly true is understanding how to best cultivate and assess
the inclusivity of teamwork, and understanding the ways in which teamwork does and does
not support diversity in engineering. In order to advance discussions on those topics and
synthesize the dispersed body of research on gender and teamwork in higher education, we
are conducting a meso-level literature review of articles published between 2000 and 2016.
This paper is a first step in mapping that body of literature. Where does it comes from? What
methods are being used to answer what questions? What kinds of questions and topics are
being explored and which are not? What theories are being engaged? What gaps can be
identified? By providing an integrated analysis of the higher education research landscape,
this paper joins other meso-level analyses of the gender and engineering education research
and responds to calls for more such analyses (Beddoes, Borrego, & Jesiek, 2009; Jesiek &
Beddoes, 2013; Pawley, Schimpf, & Nelson, 2016.) Meso-level analyses are midway
between purely quantitative and purely qualitative publication analyses, combining aspects of
both.

Methods

EBSCO host, which includes multiple databases such as Academic Search Premier,
Educational Research Complete and ERIC, was searched for articles about gender and
teamwork. Most engineering education journals and higher education journals were all found
within EBSCO host, though often the most recent one to one and a half years of articles were
unavailable. With that in mind, European Journal of Engineering Education (EJEE), Journal
of Engineering Education (JEE), Journal of Higher Education, Studies in Higher Education,
and Research in Higher Education were individually searched for any missing articles from
recent years. Originally, only publications that referred to engineering were included, but due
to the limited amount of research found in engineering, the scope was expanded to STEM
contexts, and subsequently even further to all post-secondary contexts. Expanding the
search to all post-secondary contexts was done in order to provide readers with a
comprehensive review of relevant issues. An extensive list of search words and word
combinations was utilized, including the terms gender, female, women, education, STEM,
team work, group work, and sex. The combinations of terms are specified in Table 1 and
Table 2. In order to yield a manageable dataset of the most relevant journal articles, the
scope was limited to articles published between 2000 and 2016 and to research articles
directly related to higher education contexts. Limiting the search to traditional higher
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education contexts excluded articles related to health care professionals, primary education
(K-12) contexts, and online courses (due to their different considerations). Our search also
excluded certain types of publications that were not strictly research articles (e.g., panel
summaries, teacher reflections, and descriptions of implementation activities).

Table 1. EBSCO host search

Terms Combined with
Education, gender and e Team/s
Education, women and Teamwork/team work
Education, female and *  Groupwork/group work
Education, gender, STEM and e PBL
Education, women, STEM and
Education, female, STEM and

Table 2. Individual journal searches

Terms Combined with
Team/teamwork/team work and e Gender
Group/Groupwork/group work and e Sex
PBL and e Women

After the exclusion criteria were applied, the dataset yielded 54 articles for analysis. Fifty-one
of those are accounted for in the Findings below. The remaining three will be included in our
systematic literature review, but are of a different sort than the rest of the dataset, e.g. a
metaanalysis or report. As with any dataset, there are limitations to note. In order to scope a
manageable dataset, we were not able to include non-English language articles, books, or
conference papers.

Findings and Discussion

Ouir first research question concerned the origins of the research, both in the geographic and
disciplinary sense. Table 3 presents the geographic origins of the dataset, showing that the
vast majority came from the United States, with Europe and Australia contributing the second
and third highest numbers, respectively. There was only one international collaboration
present in the dataset; it was between Qatar and the United States.

Table 3. Geographic origins

Country Number

United States

Australia

United Kingdom

Denmark

The Netherlands

Turkey

ENESIINIINIENISIEN

Qatar and United States

Belgium, Canada, China, France, India, Malaysia, Norway, South Africa, South 1 each
Korea, Spain, United Arab Emirates

Table 4 presents the disciplinary origins of the dataset. Discipline was assigned based on the
setting in which the study was conducted, not necessarily the researchers’ fields. Business
includes business, economics, organizational behaviour and management articles. Sciences
includes physical and health sciences. Multiple disciplines included articles with more than
four disciplines represented, usually with engineering and business among them.
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Table 4. Disciplinary origins

Discipline Number
Engineering 17
Business 11
Sciences 5
Multiple disciplines 5
Computer science and information systems 3
Science and Engineering 2
Education 2
Psychology 2
Education and Marketing 1
Hospitality, Geography, Music 1 each

As summarized in Table 5, the vast majority (80%) of the dataset was quantitative studies,
either purely quantitative data or quantification of qualitative data. Even in the mixed methods
studies, the quantitative data was prioritized, with qualitative data being secondary. This
finding further confirms the dominance of quantitative research documented in other studies
of gender research in engineering education (Beddoes, 2012; Pawley, Schimpf & Nelson,
2016). The quantitative data was primarily from student surveys. Self and peer evaluations,
or, to a lesser extent, student surveys combined with course marks/grades. Over the course
of 16 years, only 4 qualitative articles were found. That is striking and important to note
because quantitative methods, and student surveys in particular, may not be the ways to
identify and explore problems. Indeed, recent research shows that engineering professors
recognize that peer evaluations are not likely to capture instances of gender bias or
discrimination if they occur (Beddoes & Panther, 2017).

Table 5. Methods utilized

Methods Number
Quantitative 38
Mixed quantitative and qualitative 6
Qualitative 4
Quantification of qualitative data 3

The leading topics being investigated in the dataset were students’ perceptions, experiences,
and attitudes related to teamwork; the effects of different team compositions; self and/or peer
evaluations, and learning styles. Other topics included evaluation of women’s contributions
and expertise and comparison of lecture to teamwork. Across the board, findings on these
topics were mixed, and often contradictory, such that it is hard to draw conclusions related to
any facet of teamwork based on this integrated, multidisciplinary dataset. The research in the
dataset does not build on prior work or present a trajectory of comprehensive development in
any way. This lack of systematic development limits the ability to draw conclusions or make
recommendations for best practices because there is not sufficient research on any one
topic. For example, the “team composition” category included studies that examined the
effects of team composition on: motivation, team quality, cognitive complexity, class
performance, final report, interactions, satisfaction, diversity management skills, self-efficacy,
learning, idea variety, and innovation, to name just a few. Thus, there are a small number of
studies on a larger number of topics, rather than systematic development of knowledge
related to a core set of questions.

In addition to the systematic lack of development, the lack of engagement with gender
studies or theories was striking. Although there were several notable exceptions, instead of
engagement with gender studies research, it was more common to see authors utilizing ill-
supported concepts, such as learning styles and Myers-Briggs, to frame their studies.
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Conclusion and Next Steps

This meso-level analysis identified several limitations of the higher education research
landscape related to gender and teamwork. First, the dominant research designs and
approaches may not be the best for capturing the experiences of minority groups or
understanding gender in teamwork. Similar to prior meso-level analyses in engineering
education, we found that almost all articles utilized quantitative methods. Second, important
findings on gender biases in teamwork from books and conference papers are not being built
upon. While this may be understandable in the case of some conference papers which have
come out in recent years (see Meiksins et al., 2016 and 2017), it is a problem in the case of
books such as On The Outskirts of Engineering, which was published in 2007 (Tonso, 2007).
Third, the use of ill-supported concepts, such as learning styles and Myers-Briggs, instead of
gender theories is problematic, and future research should more deeply engage with gender
theories. Fourth, the lack of consensus in the dataset, combined with the lack of systematic
development, makes it difficult to draw conclusions or make recommendations. What can be
recommended is that researchers should stop making unqualified claims that teamwork
necessarily or automatically supports diversity or helps women. Many studies in the dataset
(as well as others not in the dataset) do not support such claims. Those interested in
advocating teamwork should equally account for the studies that do not support their aims.
Otherwise, we risk implementing pedagogical practices that perpetuate the very problem they
were intended to solve. By including our dataset as an appendix at the end of this paper, we
hope to make that more feasible for others.

In sum, much more research is needed, and that research will be most useful if a research
agenda for gender and teamwork in higher education was developed and followed. If the
community developed a list of questions and then set about to systematically investigate
them, instead of one or two articles about 35 different topics, we could begin to
systematically develop evidence across contexts that would eventually allow a sufficient body
of knowledge upon which to make claims and draw recommendations. With or without such
an agenda, future research should include greater use of qualitative methods, feminist
methodologies, and gender theories.

For our part, our next steps, we will be adding 2017 articles to the dataset, analysing in
greater depth the theory and findings in the dataset, and writing a systematic literature
review.
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SESSION
C2: Interdisciplinary and cross-disciplinary engineering programs and learning environments
CONTEXT

Innovation and creativity are essential and related to entrepreneurial learning, skills,
knowledge and mindset. Previous research specified requirements for engineering
educational programs to boost students’ creative skills in engineering. In order to enhance
creative thinking among engineering students, our teaching team has developed an
interdisciplinary subject integrating entrepreneurship components into a traditional
operational management perspective. Our teaching team endeavoured to build capabilities
that allow future engineer graduates to engage in a creative process to solve a problem or to
design and make a new artefact and become techno-entrepreneurs. Our works analysed
whether a major assessment within a subject in third year engineering curricula — a team
project to develop a business plan based on a new idea — help students to implement their
learning into tangible outcomes and develop their creative sKkills.

PURPOSE

The main research question in this paper is whether students utilize or implement the lecture
content in their group projects to learn effectively and enhance their learning.

APPROACH

Researchers in this paper analysed students’ projects, which were submitted as group
assignments during three years between 2014 and 2016 in regards to how students applied
the lecture content and tutorial activities in their projects. Focusing on creativity and
innovation as the main elements of selecting a new idea for the project, we evaluated
whether the teaching and learning process helped students to learn and apply concepts of
creativity and innovation in a practical project. In addition, we were looking to classify types
of ideas and areas of businesses that engineering students have been interested in.

RESULTS

The findings showed that majority of engineering students were focusing on new
technologies to introduce new products and develop new services. On the other hand,
although the concepts of creativity and innovation are necessary for their projects, students
mainly followed up the current trends in technologies that pioneered by large corporations in
high tech industries. In these circumstances, it seems students followed the type of
innovation known as “incremental innovation” or steady improvements based on sustained
technologies.

CONCLUSIONS

Students paid attention to the concept of creativity and incremental innovations in their
projects as part of the lecture content and learning objectives, but often they did not try
radical innovations or fundamental rethink based on disruptive technologies. This evidence
encouraged our teaching team to modify the requirements of projects, give more values and
marks regarding radical innovation in assessment rubrics and at the same time, take more
emphases in lectures and tutorials to encourage students to try radical innovations.

KEYWORDS Creativity, entrepreneurial mindset, innovation, engineering students
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Introduction

In the article written by Jack McGourty (2009) for Journal of Engineering Education, he
reviewed a recent study of engaging peer-engineering schools in entrepreneurship
educational programs for their engineering students. McGourty (2009) raised a question why
there is a growing educational focus on entrepreneurship in higher education. Then, he
responded that the world’s attention concentrated on the global economic crises. He
continued that while Fortune 500 companies are making public announcements in regards to
job losses on a daily basis, entrepreneurs are generating millions of new jobs. For instance,
in 2007, small and medium firms managed just below one million new employments. There is
another evidence, which Robert Waters (2010) restated and referred to the analysis of the
US Census data from 1976 to 2005. The results illustrated that each year, new firms created
approximately two-thirds of new occupations in the US and the technology sector established
significant portions of these jobs. In regards to engineering education, McGourty (2009)
believed that while business schools host the majority of entrepreneurship programs,
engineering schools are recognising that entrepreneurship is a vital area of study for
engineers and applied scientists. Waters (2010) viewed this matter too and mentioned that
although there are an estimated 600 engineering schools in the US, only around 23
engineering programs propose formal technological entrepreneurship education. One of
interesting observations by Waters (2010) in his article is that while he reviewed the
entrepreneurship programs in different universities he also focused on whether there is
entrepreneurship education in engineering management programs. His findings showed that
entrepreneurship education has not penetrated into more engineering management
programs. There are some reasons such as: the dominance of the business schools in the
field of entrepreneurship or with declining university budget, some executive deans may
hesitate to fund new activities or courses that they do not consider “real” engineering.

Our work outlines the learning process within a particular subject in our institute’s third year
engineering curricula. The teaching staff in this subject teaches concepts of operational
management; however, in order to address Engineers Australia’s suggestions, we teach
some business aspects such as: Finance and Accounting, some Legal concepts that
engineers should know (e.g. elements of Contract Laws, aspects regarding Intellectual
Property — IP) and also teach basic entrepreneurship skills to engineering students. Students
have to form a group with their peers in tutorial class and work on an entrepreneurial
business plan as part of their research project.

Literature Review

In the era of rising market competiveness and business forces, there is an essential need for
engineers with entrepreneurial knowledge and skills. Among these skills, we can focus on
abilities that have links to creativity and innovation. Although many scholars defined creativity
and innovation, we use definition by Byers, Dorf and Nelson (2015, pg. 164) as “Creativity is
ability to use the imagination to develop new ideas, new things or new solutions.” They also
defined Innovation as invention that has produced economic value in the marketplace. In
regards to engineering education, Rodrigues and her co-authors (2015) mentioned that the
traditional engineering curriculum often does not offer students an entrepreneurial education.
Tom Byers and his colleagues (2013) believed that ongoing innovation is required to address
pressing problems and helped firms to survive in high global competitive environments and
engineering is the foundation of much of that innovation. Rodrigues and her peer researchers
(2015) pointed out those students from any discipline or program with entrepreneurial training
can contribute valuable skills to the workplace. In the same context, another group of
professionals led by Byers (2013) focused on engineers and said that in additional to their
technical and analytical expertise, engineers need to be creative and have ability to
recognise and capture opportunities. All of these skills as well as being able to cooperate
effectively as leaders, in teams, and with their peers can and should be taught to engineers
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as part of their formal education. In other words, some researchers such as Rodrigues and
her team (2015) figured out that engineering schools and institutes should teach engineers
how to manage interdisciplinary teams, think critically, understand business basics,
communicate effectively, and solve open-ended problems. Referring to the above comments
from different researchers and professionals, engineering educators should understand that
they have responsibilities to enhance the above skills in their engineering students and
enable them to be more innovative and entrepreneurial. To support the above points,
Remeikiene and her research partners (2013) explained the results of a study conducting
among students in two different programs, Economics and Mechanical engineering, at
Kaunas University of Technology in Lithuania. They concluded that programs in higher
education institutions should develop entrepreneurial capacities and especially those
programs designed for the students with technical specialization should have subjects
enabling students to practice entrepreneurial knowledge and skills. Nelson and Byers (cited
in Byers et al. 2013) believed that for engineers, who completed formal entrepreneurship
programs; the above skills and knowledge give them solid experience in market analysis,
product design and development, prototyping, and understanding technology trends.

One of the skills that almost all entrepreneurship programs focus on is enhancing creative
thinking and being innovative. According to Daly, Mosyjowski and Seifert (2014) a university
course can improve students’ creative skills by supporting course content, training materials
and components, assignments and tests. In another words by developing the environment
towards creativity-focused learning goal, universities can enhance students’ creative skills.
They reviewed many research outcomes and restated that students can develop and foster
their creative skills by focusing on training on cognitive skills, which are necessary active
components in enhancements on students’ creativity skills. Researchers such as Daly,
Mosyjowski and Seifert (2014) described creativity as a type of novel thinking, where in the
field of engineering, this emphasizes on the need to meet functional requirements in a novel
way. Concerning the definition of cognitive processes in creativity, Fink, Ward and Smith
(cited in Daly et al. 2014) pointed out that thinking patterns including problem finding,
information gathering, idea generation, and idea evaluation are main parts of cognitive
processes, which guide students to creative tasks.

Reviewing literature illustrated that a common instructional approach in engineering
education in relation to enhancing creativity skills is open-ended projects, where instructors
will not define the target product in order to allow students to search for creative
opportunities. Most of times students work on teams in their projects to generate solutions
and instructors also allow students to choose their own project topics. From instructors’
points of view, they often offer students different tools to guide students to either consider
important aspects of a problem or help them to generate ideas and new designed products
or services.

The specific research question in this paper is that:

Do students utilize or implement the lecture content in their group projects to learn effectively
and enhance their learning?

In the next stage of this paper, we summarise the main contents of a particular subject in our
institute. This also provides information in regards to how our teaching team through a wide
range of lectures and tutorial activities teach basic entrepreneurship skills and combine the
concept of operational management with developing a new business plan for a start-up firm.

Particular subject unit and its contents

This subject is part of our institute’s third year engineering curricula and several engineering
programs such as Mechanical, Civil, Product Design, and Robotics and Mechatronics
engineering programs offer this subject in their curricula. Figure 1 shows the main concepts
that our teaching team addresses during 12 weeks lectures.
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The contents of this subject are including of operational management focusing on technical
aspects used by managers of firms and some basic knowledge of business fields that
engineers should learn.

Business Law & Legal
operations Concepts

Entrepreneurship

. . Production &
Marketing Finance

Processing

Figure 1: The main concepts which be taught during 12 weeks lectures

This subject is part of engineering curriculum, and therefore, our teaching team focuses on
different aspects of “Production and Processing” during 7 weeks of semester. In Figure 2,
more details are available regarding “Production and Processing”, and we link different
aspects from “Operation Strategy” to “Operation Management”.

Operation Strategy
PRODUCTS . 1 PROCESSES
Gmfds = { Sﬂft'iffb ( Manufacturing y : Scr}-icu
Design

Technology & Design

Operation Management

Figure 2: The pathway from “Operation Strategy” and its components to “Operation
Management” within the section “Production and Processing

Figure 3 shows that the teaching team looks at other related aspects to operation
management. For those new operational activities, the teaching team also looks at the
concept of project management.

In addition to 12 weeks considering 3 hours lecture per week, students have to attend 2
hours tutorial classes during 9 weeks. There is no tutorial in weeks 1, 5, and 8 of semester.
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Operation M nent Project Management

Planning & Control Supply Chain & Resource

Management

Capacity & Inventory
Management

Quality Management
&

Performance Measurements

Figure 3: The components related to the concept of operation management, which be taught
during semester period

Part of student’'s assessments, there is a research project that students should work as a
team and based on a new idea. Students need to complete their business plan for
establishing a new venture by the end of week 10 of the semester and present their plan
either in week 11 or week 12. The value of research project is 34% of total final mark for
students and there are four stages that teaching team evaluates students’ research projects.
In week 5, instructors evaluate stage one followed by week 8 as stage two. The last two
stages are final report in week 10 and presentation in weeks either 11 or 12.

In their research projects, which we consider as a business plan for establishing new
venture, students need to introduce a new idea either as a product or as a service or even
combined product and service. They need to provide market and customer analysis, define
target market, address technical process requirements including design process and
requirements, quality control process and requirements and inventory management and
supply chain management.

Students must address some legal and financial aspects in their business plan and there are
guest lecturers who teach these concepts during semester. Meanwhile, instructors also
provide some guidelines to students and provide feedback to students during semester in
different stages.

Methodology

This paper reflects on teaching activities in one particular subject in our institute’s
engineering curricula. In this paper, researchers paid attention to three aspects of lecture
content, which are creativity, innovation and entrepreneurship. The focus was on whether
students try to think creatively and develop a new idea to solve a problem, develop a new
service or product and establish a new venture. For this purpose, in each semester, the
lecturer spend one hour of lecture in week one on the concept of creativity, innovation and
entrepreneurship and distribute a document as a guideline for encouraging students to think
about new problems, trends, ideas and compare products/services and technologies, new
and old. Then, following up of that particular lecture, teaching team in week two during two
hours tutorial encourages students within a team to come up with a new idea to establish a
business. Teaching team uses some slides and notes to help students in their process of
developing new ideas such as Figure 4.
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Or perhaps, out of blue and from imagination

A

Figure 4 — Concept tree approach to help students find an idea

Focusing on creativity and innovation as the main elements of selecting a new idea for the
projects/business plans, we evaluated whether the teaching and learning process helped
students to learn and apply concepts of creativity and innovation in a practical manner. We
analysed students’ projects submitted as group assignments during three years from 2014 to
2016. We obtained data from final reports of students’ projects (as group projects) and we
collected data via Blackboard (LMS) system as students needed to upload their projects into
Blackboard. We reviewed the contents of reports and based on classification showed in
Figure 4, we identified whether students were looking to create new services or make a new
product. Then, by studying students’ reports in details, we identified how students decided to
work on new ideas and develop a business plan based on the ideas. We have undertaken
further work to check the reliability of findings.

It is worthy to consider that students can choose either a product or a service. According to a
guideline provided to students during tutorials, students can also choose ideas based on
their previous work experience as a full time or part time employee, their hobbies and
interests, family and cultural background and even based on just their imagination and out of
blue. The Figure 4 shows student can choose the topic using concept tree approach.

In addition to the above, we were looking to classify types of ideas and areas of businesses
that engineering students have been interested in.

Findings and discussion

During one hour lecture in week one every semester the lecturer of this particular subject
explains two different types of innovation. One is “incremental innovations”, which are mainly
about steady improvements and based on sustained technologies, e.g. improving smart
phones. Byers, Dorf and Nelson (2015) mentioned that people could categorize incremental
innovations as quicker, improved, and/or low-priced version of existing products. Another one
is “radical innovations”, which are mainly about fundamental rethink and based on disruptive
technologies, e.g. developing iPod by Apple Corporation or as Byers, Dorf and Nelson (2015)
mentioned that 3D printing is an example of radical innovation because radical innovation
could transform the relationship between customers and suppliers, restructure the markets
by creating new product categories. We believe that in real world practices, only few very
smart and creative minded people pursue radical innovation and we should call most of other
innovations as incremental innovations. Therefore, in order to classify different ideas, we
proposed in our context that while students were using the contents of their final year
research projects as the basis of their new ideas, they might be able to rethink of the usage
of technologies radically. This approach will allow authors of this paper to classify those
projects as attempt to have “radical innovation” - because those students’ projects would not
be ready for the real world. Without any doubt, we have strong opinions that behind those
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high tech devices that changed the lives of people around the world, and can call them as
‘radical innovation”, there were technological experts that created new products and
services. On the other hand, if students only used their engineering knowledge and
developed new ideas, we classified students’ ideas as “incremental innovation”.

From 2014 to 2016, students within a group of three to five have submitted 288 business
plans as part of students’ projects in this particular subject. We looked at what type of ideas
students used as a new approach to providing a service or producing products. The teaching
team asked students to come with new ideas and being creative/innovative and write a
business plan based on new ideas.

After reviewing the ideas behind groups’ projects, in regards to providing services, we found
that majority of students in groups used engineering and knowledge-based contents for basis
of new ideas for their research projects (business plans) in each semester during a period of
2014 to 2016. We considered these types of innovation as “incremental innovations” (39 out
of 87 — 44.8%). In regards to providing services, we considered only very few projects as
“‘radical innovations” (5 out of 87 — 5.7%) due to use final year research project as a basis of
their ideas. The Figure 5 shows distributions of projects based on source of ideas, which
focus on providing services.

In regards to producing goods and making tangible products, engineering students showed
their passion to focus on manufacturing and technical knowledge for their ideas for business
plans. In fact, the total number of business plans focusing on producing goods is more than
double of those focusing on providing services (201 research projects/business plans
compared to 87).

Projects with focusing on providing services

o

9

8

7

6

5

4

3

: I
1

& II II | IIII II |

IT

Engineering Previous Based on Family &
Classificatio & Interest & work Final Year Traditional/ From
ns/Online Knowledge Hobbies Research Cultural Imagination

3 experience 5
services based P Project Knowledge

o

number of projects

I Sem 1 2014 o 7 1 o o o o
= Sem 2 2014 2 6 a4 o 1 o o
W Sem 1 2015 2 - 2 o 1 o o
mSem 2 2015 7 = 5 o 1 o 1
=m|mSem 1 2016 = 5 a o 2 2 o
mSem 2 2016 3 8 = 1 o 1 o

classifications of sources of ideas

= Sem 1 2014 mSem 2 2014 mSem 1 2015 mSem 2 2015 mSem 1 2016 m Sem 2 2016

Figure 5 — Classification of sources of ideas in projects focusing on services

It also showed that engineering students used more their final year research projects as
sources of ideas for making products than providing services (16 ideas compared to five
ideas respectively). While 137 groups of students (68.2%) looked at their engineering
knowledge for sources of new ideas for producing goods and tangible products and we
considered their approaches as “incremental innovations”, only 8% of students groups (16
research projects/business plans) tried to approach as “radical innovations” based on their
final year research projects. The Figure 6 illustrates the types of sources for new ideas to
develop tangible products and producing goods.

We understand that other types of sources might provide opportunities for a new business
plan and new venture start up based on incremental innovations or even radical innovations;
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however, in this paper, we focus on the areas that students used their engineering
knowledge, either general engineering knowledge or based on final year research projects.
We expect and assume that students would like to pursue their future career in their field of
knowledge.

PROJECTS WITH FOCUSING ON PRODUCING GOODS IN
DIFFERENT SEMESTERS

= Sem 1 2014 = Sem 2 2014 = Sem 1 2015 W Sem 2 2015 = Sem 1 2016 W Sem 2 2016
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Figure 6 — Classification of sources of ideas in projects focusing on products

It is also very difficult to say that all ideas were 100% new. We understood that students tried
hard to convince teaching team that their ideas were to some extent new. For example,
students might say that they were targeting new type of customers, or new geographical
locations and providing services or products to customers that previously not served by other
companies. This paper has limitations to address all questions scholars may have while
analysing all projects and we have plans to overcome difficulties in this matter. This paper is
a starting point to better understanding where students are looking for new ideas. We know
that we have to work hard to provide a holistic picture in this area.

Meanwhile, we are able to present other findings such as special trends by students to look
at some ideas used or developed by very big organisations. Students tried to form a group
with other students enrolled in the same program, e.g. in some groups all students studied
Civil and Construction engineering program or Mechanical and Product Design Engineering.
We could recognise some trends in new housing structure, pre-cast concrete, modular
housing with particular approach based on their Civil or Construction programs. We
recognised several approaches to use drones by wide range of students. Prototype
manufacturing, 3D printing, using new and complex materials for making products, using
iPhone and developing apps, developing medical devices and making special clothes are
very popular ideas among all types of engineering students.

Conclusion and recommendations

Although teaching team tried to encourage students to find new ideas and approach to their
ideas as radical innovations, but students could not have enough time to come with a brilliant
ideas. In addition to above points, it seems to us that students did not have enough
motivation to think seriously about new ideas, and therefore, students came with similar
ideas from another group either in the same tutorial or from another tutorial. It is very
important for teaching team to provide feedback to students and has authority to reject an
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idea due to similarity with very popular trends in the current market. Having said that, we
found a wide range of ideas generated by students and it is interesting that engineering
students were focusing more on producing goods and tangible products than providing
services only.
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CONTEXT

It is common for Engineering and Technology programs to nurture interdisciplinary courses
when aspirant graduates need comprehensive knowledge and skills to start working even
before their graduation. These hybrid courses usually demand collaborative teaching to
ensure high expertise of educators to provide for requirements of different disciplines. The
Bachelor of Information Technology and the Bachelor of Electrical and Electronic
Engineering are two disciplines with close bonds between hardware and software. The
course design, implementation and evaluation should be reported to reflect good practice
from collaborative teaching in an interdisciplinary environment.

PURPOSE

The study details the process of designing and implementing an interdisciplinary
collaborative teaching in Project Based Learning (PBL) approach, and reflects on its benefits
and drawbacks for both educators and students.

APPROACH

A reflection was done on the teaching practice for course alignment, preparation and delivery
based on teaching journals. As for students’ evaluation of the course, a post-course survey
and focus group interviews were conducted. Also, an analysis of the results of students’
learning outcomes (acquired course learning objectives, students’ perception of the course,
and their product showcase) was carried out to present the advantages and disadvantages
of the course.

RESULTS

The alignment of course learning outcomes, course structure, and assessment were
demonstrated. The findings showed that students succeeded in achieving the course
objectives and felt positive about the course as a whole. Although, students’ interviews
revealed some drawbacks of the collaboration, it did not significantly impact the students’
learning. Besides, the collaboration of lecturers was generally a success, but still
recommendations were given for the improvement of the course delivery.

CONCLUSIONS

As regards the course design and delivery, more attention is needed in aligning and
communicating to students about learning outcomes and assessment of different disciplines.
As for the course benefits, authentic project work was facilitated with interdisciplinary group
formation encouraging more engagement and self-learning among students.

KEYWORDS

Interdisciplinary learning, project-based learning, collaborative learning, collaborative
teaching
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Introduction

Project-Based Learning (PBL) enables industry authentic projects and increasing students’
exposure to real-world working environment (Johns-Boast & Flint, 2009). Although PBL
approach was introduced in education in early 70’s (de Graaff & Kolmos, 2007), when it
involves different disciplines, challenges arises in designing collaborative interdisciplinary
activities, and most importantly aligning the learning outcomes and assessments for groups
of students in different majors. An endeavour was conducted at RMIT University Vietham in
2015 in PBL courses for the Bachelor of Information Technology (BIT) and the Bachelor of
Electrical and Electronic Engineering (BEEE). The goals of these two courses were to
provide students with knowledge and skills in working with the two closely related parts of a
technological project: hardware and software, as well as learning project management. The
affinity in the learning outcomes (CLOs) of two courses as stipulated by the school program
and no requirement of prerequisites for these two courses allowed their integration into one
class.

Background theories

To lay the foundation for understanding the PBL courses delivered to interdisciplinary class
with collaborative teaching, relevant theoretical points will be reviewed below.

Interdisciplinary learning

Interdisciplinary collaborations in education are more and more common not only in closely
related majors (e.g. arts and humanities or IT and engineering) but also between courses
from different disciplines that hardly share any expertise like medical and legal (Morton,
Taras, & Reznik, 2009), or even medicine and architecture (Mason & Pirnie, 1986)

The benefits of interdisciplinary learning are shown by a study of Abdulhalim, Sammarco,
Jayasekera, and Ogbonna (2011) which describes how students from different majors
benefited in sharing and learning from different perspectives, complementing each other’'s
expertise, bridging the gap between research and practice, enhancing communication sKills,
and exploring knowledge and experience outside the course. Moreover Davies, Devlin, and
Tight (2010) argue that higher education which “acknowledges the challenges and
possibilities in interdisciplinary ways of thinking learning, knowing and being” aims at
producing graduates with the ability to “recognize, reflect on and negotiate different forms of
knowledge” (p. 24). Meanwhile, Borg and Borg (2001) assert that critical thinking skills are
promoted when students involved in working out the differences between two disciplines to
collaborate with each other. Beyond that understanding, students are believed to develop
their leadership and communication skills, presentation skills and confidence, to make their
learning purposeful and thus to succeed at university and later in life (Anderson, 2010).

Generally, due to the discrepancies in different disciplines, interdisciplinary courses require
instructors to master different expertise; therefore, the necessity of collaborative teaching is
manifested.

Collaborative teaching

Collaborative teaching and co-teaching are distinguished by Friend, Cook, Hurley-
Chamberlain, and Shamberger (2010) in that the latter is under the umbrella of the former.
However, these two terms are used interchangeably in many studies (Gerber & Popp, 2000;
Speer & Ryan, 1998; Waters & Burcroff, 2007). In this study, collaborative teaching is
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understood as co-planning, co-assessing, and mixed delivery between individual lectures
and joint managements of tutorials and students’ presentations.

Collaborative teaching presents indisputable benefits. Besides the advantages of shared
expertise, insights, new approaches, perspectives, and peer-feedback, lecturers can
combine strengths and reduce weaknesses (Buckley, 1999). Also, when sharing the teaching
task for a class, collaborative lecturers can be satisfied with increased students’ academic
achievement, improvement of teaching skills as well as collegial relationships (Walther-
Thomas, 1997), and understand the position of the subject in reciprocal relation with others
(Zhou, Kim, & Kerekes, 2011).

However, collaborative teaching is also loaded with different challenges such as the
coordination of lecturers’ schedule for co-planning, the heterogeneity of students in each
class, and the provision of specialists’ support, heavier administrative support, and sponsor
for staff development (Walther-Thomas, 1997), the lack of time for class preparation
(Goldstein, 1967), the inconsistency of emphasis on learning materials and assessment
components (Carter, Barrett, & Park, 2011), and students’ confusions of different lecturers’
expectations (Dugan & Letterman, 2008). Therefore, endeavouring collaborative teaching
can be a challenging mission for both novices and veterans.

Project-based learning

Project-based learning is the instructional approach emphasizing the learners’ autonomy in a
learner-centered environment where they realize ideas in projects (Krajcik, Czerniak, &
Berger, 1999). In PBL courses, students’ personal interests are encouraged (Wurdinger &
Qureshi, 2015), so they are motivated to be greatly engaged in the learning process and thus
make use of their strengths, and overcome their weaknesses in the effort to jointly create
authentic products. Moreover, learner-centeredness embedded in PBL entrusts the lecturer
as a facilitator, coach, advisor, and motivator besides his traditional role of a lecturer of the
class (Chua, 2014; Montequin, Fernandez, Balsera, & Nieto, 2013). Also, because project-
based learning approach does not only teach students academic knowledge but also trains
them a variety of soft skills (Chua, 2014), assessing a PBL course often requires the
weighing of the following skills: individual work versus group work, cognitive skills versus
metacognitive skills, knowledge versus soft skills and done as formative assessments
scattered during the course and filled with the teachers’ feedback for improvement. Students
were assessed through presentations, observations, reflective journals, weekly reports,
discussions, self-assessment, group assessment, and final product evaluation, some of
which are combined in a portfolio for each student (Bell, 2010; Chu, Minasian, & Yi, 2012;
Jaeger & Adair, 2015). This reflects the spirit of formative assessment, which is assessing for
learning (Bell, 2010; Montequin et al., 2013; Strijbos & Sluijsmans, 2010).

Research Methodology

Action research was conducted in a class where a single instruction was given to two
interdisciplinary courses namely Software Engineering Project Management (SEPM) for IT
major and Engineering Management (EM) for Engineering major. The study aimed at
demonstrating the implementation of interdisciplinary courses in PBL approach and reporting
experiences of collaborative delivery from both lecturers’ as well as students’ general
evaluation of the course. There were 30 IT students in the SEPM mainly at their final years
while the 8 Engineering students were doing their first year. A reflection was done on the
teaching practice to detail course alignment, preparation and delivery based on teaching
journals of two lecturers instructing the course. As for students’ evaluation of the course, a
post-course survey for 38 students and 3 focus group interviews were conducted and
analysed to reveal emerging themes. Also, students’ learning outcomes shown in the
achievement of course learning objectives, students’ perception of the course, and their
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product showcase were analysed to expose the advantages and disadvantages of the course
result.

Findings

Contributions of the study revolve around elaboration of the joint construction of the courses,
the influences of the courses on students’ learning, and the lessons learned from
collaborative teaching.

Course Learning Outcomes and Contents

The two courses had different learning outcomes, yet the two lecturers reviewed them
together and determined that they were compatible to enable collaborative delivery and
common assessments as endorsed by their Program Manager. In particular the following
learning outcomes can be summarized as: students’ Teamwork, Collaboration,
Communication skills, Human Management, Project Planning, Project Execution, Risk
Management through which, the demonstration of critical analysis, problem identification,
problem solving, decision making and team facilitation skills in managing Engineering
projects.

Nevertheless, the lecturers had to align some of the courses’ CLOs which were not
equivalent. After analysis and comparison, apart from incompatible outcomes exclusively
intended for each discipline, some were kept as shared outcomes as they were very
beneficial for all students. For instance, “Software Development Methodologies”, a part of the
IT knowledge was introduced to BEEE students whereas the “Communication Barrier”
(language, perception, environment and ambiguity) from EM was also kept for IT
counterparts because those two topics were important to meet the CLOs.

For better achievement of those CLOs, the lecturers announced and emphasized them
together with the course content in the first week and continuously reinforced these
requirements after that.

Course delivery

With the course learning outcomes review and course content alignment above, the course
structure was designed for the 12-week course, with 6 hours of face-to-face sessions per
week as shown in Figure 1 below.

Implementation

e eaich and further Project delivery

and planning

research 1 week
3 weeks
8 weeks

Figure 1: Course delivery structure

Each lecturer took turn to give jointly developed lectures to the combined class in a manner
that encouraged students’ critical thinking for working on the projects. However, both held
weekly tutorials together to solve situational problems based on the project and actively
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managed to engage students in collaborative learning exercises. There were eight projects,
namely: Gas Leakage Risk Management system, Room Temperature Management system,
Smart Parking System, Refrigerator Light Management System, Online Parking system,
Media Centre system, Smart Home Security and Maze Robot Solver. All of these projects
required the design and implementation of complex systems including both hardware and
software, which exposed the students to engineering/IT authentic situations. The final
products had been designed by the lecturers and introduced to students, but the design,
planning, implementation, and overall organization were figured out by each student team.
However, team formation and project assignment were done by the lecturers based on the
students higher education background and demonstrated strengths in their academic records
in order to enhance the teams’ chances for success.

In terms of group formation, mixed academic backgrounds was organized for the teams. IT
students enrolling into SEPM were doing their capstone projects whereas Engineering
students were conducting their first higher education projects. Each project team was
constituted of 5 students with 3 or 4 third-year IT students, and 1 or 2 Engineering freshmen.
The IT students, with their programming experience and skills, were carefully selected to
balance the technical competency level for each group while Engineering students were
expected to bring to the team their experience in working with electronic hardware. Such
diversity in the background of team members was a crucial factor to which the teams must
pay attention for task management where the role and responsibilities of each individual had
to be specified to mitigate overlapping and conflict among the members.

Course Assessment

As these courses were the first PBL experience for both IT and Engineering students in this
study, the lecturers agreed that the assessment had to be mostly formative in order to
scaffold students’ project management (planning, implementation and delivery) skills. The
assessment scheme (see Table 1) comprised three phases; each subsequent phase built up
on the previous one by having similar format and content, yet with higher complexity,
providing a formative structure.

Table 1: Assessment structure

Phase Task Group/Indi % When
vidual (week)
Initial research, Report Group 10
project proposal Report (individual section) Individual 5
and planning . Week 4
Presentation Group 7.5
Presentation Individual 7.5
Report (progress update) Group 12
Implementation | presentation Individual 7.5
(and further . Week 8
research) Presentation Group 7.5
Peer performance evaluation Individual 3
Report Group 12
Project Delivery Peer performance evaluation Individual 6 Week 12
Presentation (Product and
Group 22
Showcase)

Proceedings, AAEE2017 Conference
Manly, Sydney, Australia 5

AAEE-2017_Full_Paper_Submission_015

58



Impacts of the interdisciplinary PBL course on students’ learning

The authentic requirements derived from PBL projects created favourable conditions for
students to develop the skills intended for them through their achievement of CLOs. In
particular, the majority of CLOs assessed the ability of students on project management skills
through presentation, reports, peer evaluation and showcase that met requirements stated in
the rubrics. According to the assessment results, students’ performances provided solid
evidences that they were able to meet the CLOs stated earlier. For specific CLOs related to
the SEPM course, IT students were able to apply appropriate methods to their projects,
which were at operational level. Moreover, the teachers’ teaching journals revealed that
Engineering students’ communication-related CLOs were also met as they successfully
coordinated teamwork, and presented their projects to the industries and other students at
the product showcase. The online survey showed that both group of students (IT and
Engineering) expressed overall positive learning experience. The students reported that they
were intellectually stimulated during the course, which proved to support students’ cognitive
processes and thus enhanced self-learning and responsibility. This motivation created
opportunities for students to actively search and process new information and connect it to
their current understanding of the subject matter (Behizadeh, 2014; Chua, 2014; Musa, Mufti,
Latiff, & Amin, 2012) rather than “passively receiving” knowledge. Moreover, learning from
peers was highly appreciated in the interview where junior Engineering students showed
interest in gaining knowledge of various programming languages, and developed complex
software systems with the assistance of their IT partners. On the other hand, senior IT
students, with the consultancy of their Engineering peers, explored the integration of multiple
hardware components, developed software for these and had opportunities to practice
leadership skills thanks to the PBL environment. Finally, in the course reflection, the lecturers
supported this course setting as they confirmed that the students seemed to inquire much on
the details of materials and effectively used lecturers’ feedback in assessment items for
improving their performance.

Lessons from interdisciplinary coordination

Despite general success of the course, a number of challenges were observed and reported
from the interdisciplinary environment. The students rated the collaborative teaching lower
than lecturers’ expectation. It was only because students experienced confusion when they
received significantly different feedback for their work from each lecturer. This problem is
also reported by Dugan and Letterman (2008). It could be explained by the fact that the two
lecturers had different individual expectations for the quality of work and for the student's
performance in two disciplines. This confusion was acknowledged by the lecturers after
some discussions with the students regarding the second assessment in week 8 and later
was addressed during the delivery by clarifying and aligning expectations for students’ work
around the middle of the semester. To avoid similar problems, course coordinators should
have reached consensus on the similarities and differences of their expectations for students
of each discipline before conveying them to students. In case there are unique requirements
for different courses, lecturers should split them when announcing their expectations to avoid
confusion in the mixed-major class. This information should not only be dispensed at the
beginning of the course but also be reiterated and emphasized throughout the course
duration.

Even though it was well considered during the course development, the difference between
student’s levels in groups still raised many challenges to the course delivery. It has been
justified that in collaborative groups, to realize their common goals as well as actions,
individuals are expected to hold joint authority, responsibility, and acceptance of each other's
strengths and weaknesses (Laal & Ghodsi, 2012). However, discomfort was instilled in
senior team members because it was brought to the lecturers’ attention later during the
course delivery and tutorials that there were incidents when junior Engineering students in
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some groups were not able to carry out their discipline-specific tasks. Their IT teammates,
therefore, had to cover the undone hardware-related tasks left by their less capable
teammates. As a result, senior students commented that having junior team members
hindered the team progress and considered it a challenge difficult to cope with. This
happened even when the lecturers constantly gave feedback on students’ performance and
guidance to assist them in solving their problems. Fortunately, that experience did not
discourage most students from expressing their interest in participating in such mixed
projects in the future. However, to ensure a more successful course, it is advised for
lecturers to organize cross team exchanges, or even a technical tutor to help the first-time
PBL learners troubleshoot their obstacles to better catch up with the common pace of the
whole team of mixed disciplines and capabilities.

Conclusions

The study has demonstrated CLOs alignment, course structure, and assessment scheme of
the PBL interdisciplinary courses for students of IT and Electrical Electronic Engineering
majors with collaborative teaching. It also proved positive attitudes from students who
asserted their stimulation to learn and overall satisfaction with the course. The formation of
students teams comprising students of year 1 and year 3 also showed the motivation for
learning from teammates and peer-support; however, it also created trouble to somehow
ensure the even performance of team members with different background knowledge. The
solution to this problem may be assigning technical tutors to help poor performers or
encouraged cross-team support through the class online forums. Besides, the study also
pointed out the importance of the clear, and if possible, separate announcements of
lecturers’ expectations to students of different majors to avoid confusion in an
interdisciplinary class.
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SESSION
C1: Integration of theory and practice in the learning and teaching process
CONTEXT

This paper investigates the effect of changing the formative assessment in an intensive introductory
Thermodynamics paper offered to students studying towards an Engineering qualification.

PURPOSE

To improve the use of class time of students in an intensive course so that they are better prepared
for their exams which occur in close proximity to learning.

APPROACH

A new approach involving a fully rounded experience was implemented to improve use of
students’ class time. Active learning strategies, and mini-exams were employed. The quantity of
formative assessment was increased, and the structure of classes was altered to place the formative
assessment immediately after each topic covered.

RESULTS

An improvement to student grades and completion rates was observed compared to the previous
instance of the paper. Student feedback towards the new strategy was very favourable.

CONCLUSIONS

The new structure achieved the aim of lifting passing rates, improving participation and preventing
procrastination.

KEYWORDS

Intensive courses; active learning; thermodynamics.
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INTRODUCTION

This paper describes an innovation in the delivery of an introductory thermodynamics course
offered to students studying towards an engineering qualification. The course was delivered in
intensive format, across three weeks of study.

Students find it challenging to engage with complex engineering topics in a short period of time,
and there is no sizeable study break for pre-exam study. This means that students cannot afford
to delay in learning and applying content. Every class must be an opportunity to interact with the
content immediately.

The innovation described here involved implementing a new daily structure for the course that
attempted to mimic the standard process by which students learn material, apply it, study it and
practice it in across a traditional-length semester. The new structure involved integrating the
lecture and recitation components to the course to increasing the active learning during material
delivery, then allowing students to engage in guided study and open-book formative assessment.

This paper describes the implementation of this innovation. A brief review of the literature on
intensive courses is provided, followed by a description of the approach used in this particular
class. The results are then presented, and evaluated in the context of the research and the
instructor’s own critical reflection.

BACKGROUND

Many tertiary institutions around the world follow a teaching format based around the semester.
This refers to half a year, from the Latin for six months (Oxford Dictionary, 2017), where typically
the course is between 15 and 18 weeks in duration. Courses delivered in a compressed time-
frame, generally last less than half this time. Such courses are variously referred to as intensive
mode, compressed, accelerated, abbreviated and time-shortened. This paper uses the term
intensive courses.

Intensive courses have become increasingly prevalent, as universities become more market
driven and responsive to the changing needs of students (Davies, 2006; Daniel, 2000). This would
be a concern if intensive delivery entailed a sacrifice of good pedagogy in the interests of revenue-
gathering. However there is no compelling evidence that this is the case. Although academics
frequently worry about the effect that the shortened time-frame of intensive courses will have on
learning quality (Daniel, 2000), most literature finds learner performance comparable between
traditional semester-long courses and their shorter intensive counterparts (Kops, 2014; Daniel,
2000; Anastasi, 2007; Hesterman, 2015). Some find an overall positive effect of intensive learning
(Kucsera & Zimmaro, 2010; Anastasi, 2007).

The literature identifies that experienced and mature students (outside the 18-22 traditional
cohort) tend to prefer intensive courses (Daniel, 2000). In particular, intensive courses work well
with those who must balance study with other commitments, such as work or family (Burton and
Nesbit, 2008). Students frequently prefer the ability to concentrate exclusively on one subject at
a time (Colorado College, 2017; Daniel, 2000); however they can exhibit some resistance initially
to the shortened nature of intensive courses, as they feel doubtful about their ability to learn with
less time (Burton and Nesbit, 2008; Tatum, 2010). These doubts tend to reduce as their
experience with intensive courses increases, particularly for qualitative courses (Tatum, 2010).
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Instructors can have mixed feelings about intensive courses. Some doubt the ability to generate
deep learning and engagement in a short timeframe, or feel that intensive courses require
significantly greater effort on the part of teaching staff to ensure that sufficient learning is achieved
(Anastasi, 2007; Daniel, 2000). Hesterman (2015) notes that teacher attributes are essential to
the effective implementation of intensive courses: staff should be experienced and enthusiastic
about teaching in intensive mode classes. Kops (2014) identifies that teaching staff appreciate
the benefits from intensive courses, including the ability to concentrate teaching into shorter
timeframes, freeing up larger blocks of time for research. Teachers may also develop a greater
rapport with students, as intensive classes extend the length of time spent with students, and
usually entail smaller class sizes (Kops, 2014).

At the institution examined in this article, all courses are taught in modules, lasting between three
and seven weeks. Students take one course per module. The students enrolled in courses at the
institution represent three distinct groups: level 1 students, who are first years, typically between
18 and 20 years of age; level 2 students, who have completed their first year, and may also be
undertaking some industry experience, and level 3 students, enrolled in their final year of study,
who will be completing required industry experience. The advantage of this modular teaching is
the flexibility it allows students who must fit study in between periods of industry experience.

The course described in this article is a level 1 Thermodynamics paper. Students must complete
12 topics in three weeks, with approximately 25 hours of contact time per week. Students sit two
exams, and submit one laboratory assignment for the three-week course. Students must obtain
at least 60% in each assessment in order to achieve “competency” (a pass) in the course.
Students have an opportunity to “resit” the exam that they failed. The “resit” involves sitting a new
exam at a later date.

APPROACH/METHOD

Prior to designing the approach for this course, the research into teaching intensive courses was
consulted. Two papers explicitly laid out best practice guidelines. The University of Canterbury
(Sampson, Brogt, & Comer, 2011) provides a set of guidelines for teaching in the intensive
formats, and Kops (2014) looks at best practice for teaching intensive course as provided by
highly rated instructors. Based on the advice of these two papers, and consulting other related
literature, the following features were considered important for delivery of the intensive course
under investigation in this paper.

1. Fully prepare courses in advance.

Compressed courses offer little flexibility for adjustment, as content cannot be shifted
around much in the limited time frame. Accordingly, it is important to prepare courses as
much as possible in advance of teaching (Burton & Nesbit, 2002; Kops, 2014). Sampson
et al (2011) advise that students’ expectations be managed well from the beginning of the
class. Students should know what is covered, when and what is expected of them in terms
of assignments, study and workload.

2. Make learning resources readily available.

Students should have timely access to all resources (Sampson et al, 2011), ideally fully-
prepared lecture notes that minimise the amount of time students need to spend collating
their notes (Kops, 2014). The effective use of the LMS is vital here.
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3. Use active learning techniques.

As students’ attention suffers decrement as time passes in traditional-length lectures
(Bligh, 1998), the longer classes in intensive courses are even less suitable to the typical
lecture format. Sampson et al (2011) advise the use of active learning formats, and small
group exercises and activities to break up the time in intensive classes.

4. Make effective use of formative assessments.

Formative assessments provide a reflection on learning, and feed forward into future
learning. They should be well-designed to enable students to see immediately what they
understand and what they need to work on (Irons, 2008).

5. Maximise effective feedback.

Intensive courses do not provide much time for students to catch up on material prior to
assessment. Therefore, one of the most serious risks for students in intensive courses is
not keeping up with the course. This is also a risk for the instructor, as there is similarly
limited time for “catch up” tutorial sessions or the provision of other support for at-risk
students. Providing regular feedback on learning is therefore essential for the students
and the instructor (Sampson et al, 2011)

The level 1 thermodynamics course described here incorporates these facets above in its
redesign. Course materials and quizzes were delivered via Canvas. Students were not required
to do pre-reading prior to attending class. Assessment for the course was structured with the three
graded summative assessments: Exams A and B which were weighted at 33 and 34% of the
coursework grade, respectively; and one practical lab, weighted at 33%. There were six non-
graded mini-exams, and three non-graded quizzes.

Each class ran for the set number of hours according to the regular modular delivery for the
institution. Classes on Mondays, Tuesdays and Thursdays ran from 8:00am-2:30pm, and
Wednesday and Friday classes ran from 8:00am to 11:30am. The schedule for one of the weeks
is provided in Table 1 below. Students were provided with each week’s schedule in advance;
however the overall structure for the three weeks was mapped out prior to the module beginning.
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Table 1: Week 1 structure.

Week 1
Times Monday Tuesday Wednesday Thursday Friday
31-Jul 1-Aug 2-Aug 3-Aug 4-Aug

10800-0830 " Specific Heat
I0830-0900 | Temperature s:::“si:e:f:‘ and Steam Therm]c;sdt L:::::::s Tont Expansion and
0900-0930 cont. Y ‘| contraction
0930-1000| Tea Break Tea Break Tea Break Tea Break Tea Break
1000-1030 Specific Heat 1st Law of Study Break
1030-1100 | Pressure and Steam |Thermodynami| Catch-up Tutorial Y
1100-1130 cont. cs
1130-1200
1200-1230 Lunch Lunch Lunch Lunch
1230-1300 g - A
1300-1330 Tutorial Tutorial Tutorial
1330-1400 | Study Break | Study Break Study Break
1400-1430 | Mini-exam Mini-exam Mini-exam

Each full day contains a study-break and mini-exam, as in Table 1 above. The aim of this structure
was to replicate the standard study structure employed by students in traditional semester-long
courses: attend class, apply concepts in recitation-format class (tutorial), engage in private study,
and then sit practice tests or exams to prepare for assessments. In a traditional semester, this
takes place over the many weeks of a semester, as shown in Figure 1 (a) below.

Hora and Oleson (2017) identify that, in a traditional-length semester, students’ study, as a distinct
activity from attending class, or completing assignments, typically takes place a few days prior to
a test or examination. As intensive courses do not allow for this, it was necessary to compensate
for the limited time-frame that students have to reflect on their material in a way that takes
advantage of the longer contact hours that the intensive format provides.

Figure 1 (b) above illustrates how each full day of class replicated the learning/applying then
study/practice structure. This approach actually reflects an improvement on the structure shown
in Figure 1 (a), as study and practice takes place in a guided environment, with instructor input.
This enables accurate feedback on students’ learning and more effective use of students’ time.

As figure 1 (b) shows, the class combined lecture/recitation methods of delivery. This involved
interspersing material with problems that students and the instructor solved in an interactive
tutorial-type framework. As each sub-topic was covered, one or more relevant questions were
asked of the class. Students had an opportunity to solve these themselves, or work in small
groups, with the instructor’s guidance. This increased the level of active learning in the transmittal
portion of the class. Students were then presented with half an hour or so to study their materials,
before sitting a “mini-exam”, which tested content from the current day via exam-type questions.

Active learning techniques were embedded in this structure. Prince (2004) finds that introducing
active leaning technique into lectures enables students to refocus attention and improves
retention and recall. The environment for active learning was fully-guided, which is particularly
important for level 1 students, whose learning may be compromised in minimally-guided active
learning frameworks (Kirschner, Sweller, & Clark, 2006).
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Figure 1: Typical learning and study process for traditional-length semester (a) and
in the intensive class (b).

Mini-exams occurred three times per week. This is to gain the advantage of multiple testing effects
on retention of material (Crooks, 1988; Tatum, 2010). The shorter time frame for the course
increases the risk that procrastination results in a fail. By having multiple formative mini-exams,
with moderate stakes, students were not able to delay in familiarising themselves with the
material. Although no marks were attached to the mini-exams, the instructor was aware of
students’ performance and followed up with those who were underperforming. Therefore students
had a reason to try harder during the mini-exam, and the instructor was able to monitor
performance during the course and address at risk students early.

Tatum (2010) notes the importance of distributed practice and its impact on memory retention.
He cites Rohrer and Pashler’s (2007) work on optimal spacing between study sessions and
testing. The ideal interval between study sessions is between 10% and 30% of the interval
between study sessions and the exam. In this course, the exams were spaced between 10 and
12 days apart. The study sessions were spaced between 24 and 48 hours apart, which
corresponds to a gap between study sessions of approximately 8-16% of the retention interval for
the first exam, and 10 and 20% of the retention interval for the second exam, which is in keeping
with the recommendation from Rohrer and Pashler (2007, as cited in Tatum, 2010).

Hesterman (2015) notes that incubation of ideas takes time for students, and suggests that this
may be compromised in time-shortened teaching formats. When a problem is set aside for a
period, the solution may become apparent during this incubation process (Tatum, 2010). As the
time could not be increased, the mini-exams and quizzes attempted to compensate for this. They
encouraged students to retain and develop their understanding of the material, including that
taught earlier, in order to foster the kind of idea development that is not usually not able to occur
in compressed courses.
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The continued reinforcement of concepts across the paper calls to mind the spiral curriculum
(Bruner, 1960). Although this is typically applied across programs of study (Bruner, 1960; Harden,
1999), single classes can teach their topics in a cohesive “micro”-spiral. As each successive topic
is covered, it revisits concepts and skills from earlier topics, builds on them, and demands ever
higher processes of thought and problem solving. Developing a cohesive micro-spiral is especially
important in intensive courses. Students’ mental load increases the more disparate they view the
topics (Sampson, Brogt, & Comer, 2011). Continued reinforcement of earlier topics helps students
see the interrelationships between topics, and shows them that their knowledge is deepening, as

well as broadening.

OUTCOMES

To gain insight into the effectiveness of the new course method, the 2017 passing and completion
rates will be compared to the 2016 instance of the course. As a new program, no earlier data exist
to make further comparison. Student perceptions will be summarised from the formal feedback,
gathered at the course level, as well as inform commentary received during the course. The
instructor will also reflect on the experience of modifying the course delivery.

Student performance

Table 2 below compares student performance between 2016 and 2017 for the same paper. The
2016 offering had a similar class size and make-up as the 2017 paper.

Table 2: Changes in pass, fail and did not sit rates from 2016 to 2017

Pass Fail (%) Did Not Sit
(7o)
Change (2017 + 18.7% - 7.4% -11.3%
compared to 2016)
Improved / worsened | Improved Improved Improved
in 2017

As shown above, 2017 saw a marked improvement to all metrics. The number of students
passing, rose by 18.7%. The number of students sitting assessments and failing fell by 7.4%. The
number of students who chose not to turn up to the exam at all, the Did Not Sit (DNS) outcome,
fell by 11.3%.

It should be noted that a DNS has the same effect as a fail for the student. They must undergo
another examination at a later date, as they would have done had they sat the exam and failed.
Therefore a significant reduction in the effective fail rate (sitting and failing plus DNS) is an
improvement between the two instances of the course.
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Student feedback.

Students reported that they appreciated the mini-exams and quizzes. Both informal and formal
feedback reflected favourably on the continued testing conducted during the course.

Instructor perceptions.

The motivation for this approach arose out of the experience from a similar paper, for a different
group of students. When given problems as part of workshops, which followed traditional type
lectures, at first students solved the problems by reverse-engineering answers, and performed
poorly in free-format problems. This was concerning in an intensive course, as the short time
frame limited the amount of time they could spend on the learning curve.

In addition, students always wanted more quizzes and opportunities to practice exams. As the
class time was relatively long, the time for private study in the evenings is limited, and there is no
reasonable study break between classes and each exam. Some students could be guaranteed to
study at home, whereas others may not. Therefore, providing opportunities to practice during
class time, in a guided environment, maximised the formative value of each quiz and mini-exam.

Performance during the formative assessments in this course revealed some students to be “at
risk” at the beginning of the module. Those who regularly participated in the formative
assessments lifted their performance markedly during the module and had a successful outcome
at the end. As the theory-application-study-practice structure was employed, students began to
perform better in solving more varied problems. As this is the skill required in the graduate profile
(solving complex and unexpected problems), an improvement to such skills demonstrated by
students is an achievement in the paper.

However, there are some improvements required going forward. There was a small group of
students who did not regularly attend classes. Most of these students failed the course, whereas
only one of the students who regularly attended class failed the course. Some students noted that
they had other commitments, such as work, that prevented their attending class. In future,
students should be better informed from the beginning of the module that they should attend all
classes. To that end, some online quiz work should be graded. This would encourage students to
attend class, and also to attempt more of the formative quizzes as practice for the graded quizzes.

DISCUSSION

The new structure was received favourably by students. The idea of doing exam-type questions
as the capstone activity for each full day was very appealing to students. This is unsurprising, as
the exams counted for 67% of students’ final grade. Given the position of the mini-exams, and
the importance students place on exam preparation, it is worth talking about the potential for
instrumental approaches to learning, or “surface learning”, on the part of students. Surface
learning refers to the situation where students aim to reproduce knowledge, so as to meet the
requirements of a task with minimal effort (Biggs, 1987). Students do not distinguish between new
ideas and existing knowledge and focus on material likely to appear in examinations; therefore
they may give the impression of extensive learning, but such learning is superficial and soon
forgotten (Fry, Ketteridge, & Marshall, 2003; Kember & Gow, 1994). An approach that focuses on
the deliverable as the exam may seem to encourage surface learning, as students can be tempted
to view learning as valuable only if it has the potential to be reproduced in the exam.
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One way to minimise this, and foster deeper learning is to avoid repetition of questions, and make
use of a variety of practice problems, so that students do not focus on identifying patterns and
formulating study plans based on expectations of what will be tested. As students who have taken
the instrumental, surface approach to learning may actually perform well on examinations, it is
difficult to tell if the class was focused on surface or deep learning. However, the fact that students
moved away from a reverse-engineering approach to answering questions, and began to perform
better on a variety of free-format questions, is taken as evidence of better deep-learning.

True evidence of deep learning is retention over time. Students who have actually grown their
body of knowledge and skills will be able to recall and employ them at a later date. Therefore one
change that must be added to this program is implementation of a follow-up test. This can be a
diagnostic test taken in the higher-level Thermodynamics paper to assess the degree to which
students have successfully retained the skills taught in the current paper.

The improvement to the passing rate was considered a success; however it is difficult to say
whether it is attributable to this change in approach only. The previous year’s paper was taught
by a different instructor. It is hard to judge whether approach alone was the reason for the
improved passing rate. In addition, as this programme has only been running for the past two
years, there are no other years’ papers for comparison, so it is difficult to know precisely the
reason for the improvement.

One factor that is a little more obvious is the significant improvement in the completion rate. As
DNS (did not sit) results are essentially fails, the reasons for a student electing not to sit the exam
are likely similar to their reasons for failing an exam. However there is one key difference: a DNS
involves the student not bothering even to turn up for the exam. It is arguable that such an
outcome reflects another variable: a profound lack of confidence that sitting the exam will result
in a pass. Of course, there may be other reasons, such as illness, that prevent a student from
turning up to the exam, but in the presence of automatic rights to “resits”, it is likely that students
elect to skip an exam if they feel there is little point in sitting it, due to the likelihood of a fail.

This makes intuitive sense, but little research exists on the true reasons for students not sitting
exams. This is because skipped exams often count for zero, and students are aware that lack of
preparation is not an adequate excuse for skipping an exam, so tend to proffer other excuses
which may be fraudulent (Abernathy & Padgett, 2010; Caron, Whitbourne, & Halgin, 1992; Ferarri
& Beck, 1998). Abernathy and Padgett (2010) find that a peak in illnesses and bereavements
among students prior to skipping a test can only be attributed to a desire to delay taking that test.
Adams’ (1990) slightly tongue-in-cheek assessment of students’ reasons for missing final exams
finds a surprisingly strong link between a student’s grade in the course prior to the exam and the
reported mortality rate of their grandmothers. Students who are failing a class are 24 times more
likely to have a family member die prior to the exam than students who are sitting on an A for the
class. The relationship between academic success and excuse fabrication has been found to be
significant by Caron, Whitbourne and Halgin (1992), and Roig and Caso (2005). Both studies find
that students with higher GPAs report being less likely to fabricate an excuse for missing an
assessment.

In the current institution, the availability of a resit makes it easier to miss a final exam and students
are not required to come up with an excuse for this. This makes it more likely that ill-prepared
students will skip the regular sitting of the exam. The mini-exams worked to address this problem:
students received continued preparation for the final exam. Students were informed very early of
the areas where they needed improvement, and the consistent use of mini-exams meant they
could also track their progress. It is possible that mini-exams could increase the DNS rate:
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students who receive information that they are not doing well in the course may be more likely to
skip the exam than students who did not have this awareness. In the end, only one student did
not sit the final examination. Therefore we can infer a link between this kind of course structure
and students’ sense of preparedness going into the exam. We can also interpret as much from
student feedback on the course, where students reported that the mini-exams helped them to
prepare for the final exam.

This program also offers a unique opportunity to investigate the reasons for students not sitting
exams that other programs do not have. Do to the availability of “resits”, students can elect not to
turn up to exams without needing to provide a reason. It may be useful to conduct a quick survey
of students who are choosing to miss the exam to find out their reason for doing so, as these
students will not feel the need to proffer alternative excuses.

CONCLUSION

This paper described the implementation of a new, research-informed, active learning strategy
involving replication of the typical learning and studying structure that students tend to follow in a
traditional-length semester on a daily basis in an intensive format course.

Students responded well to the altered structure, and were particularly satisfied with the quantity
of formative assessment and the level of active learning in the class. Achievement by students in
this class showed an improvement for all measures, including passing and completion rates,
compared to the previous offering of the course.

The lack of further instances of the course, however, makes it difficult to assess if this change
was due to the innovation employed, or other factors. Other factors require further investigation,
such as the level of deep learning that has taken place, and the reasons for students choosing
not to sit exams. Consequently two follow-up areas for investigation have been proposed.
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SESSION C1: Integration of theory and practice in the learning and teaching process

CONTEXT Australian engineering degrees accredited by Engineers Australia at the level of
Professional Engineer are required to include the equivalent of 12 weeks of exposure to
professional practice. The landscape for this exposure has changed over the past five years
with undergraduates finding it increasingly difficult to source the traditional 12 week
engineering placement, a changing regulatory environment, and an increased emphasis on
constructively aligned learning. This paper presents the salient outcomes from an ACED
project funded to explore factors affecting the design of exposure to professional practice
activities. It clarifies obligations through the lens of Fair Work Australia, the Higher Education
Standards Framework (HESF), and Engineers Australia.

PURPOSE To provide guidance for institutions assessing ‘Exposure to Professional Practice’
(Industrial Experience) within their engineering curricula against learning obijectives,
regulatory frameworks and accreditation requirements.

OUTLINE Exposure to Professional Practice (EPP) has been a formal component of
Australian engineering tertiary education for many decades. EPP has been a vexed topic
across many campuses in recent years as the number of paid (or unpaid) opportunities have
reduced due to the variable economic climate. This has led, in some cases, to a
disaggregation of EPP and coursework curricula. This could be seen as a lost learning
opportunity, which by extension, potentially results in it being perceived as simply an exit
requirement for the degree, or at the extreme, a barrier to graduation.

The objectives of EPP within engineering curricula are reviewed as the basis for
understanding its value, particularly with regard to increasing the relevance of coursework and
aiding transitions to industry. This is used to propose structures and support designed to
enhance and assess student learning through EPP.

RESULTS EPP activities can take many shapes and forms. However, EPP activities which
occur in industry must be undertaken within the given regulatory environment. For Australian
engineering programs, an EPP process map is presented to inform EPP design and the
associated use of placement management systems (e.g. in-house, SONIA, InPlace). This
map has been designed to align EPP activities with learning outcomes, and therefore may
have application outside of Australia.

CONCLUSIONS The design of EPP activities requires consideration and navigation of
multiple objectives and requirements. For EPP activities to be effective, integration within the
boarder curriculum is essential. The outcomes of the ACED project have enabled guidance
material to be developed to support the design of EPP activities.

KEYWORDS WIL, Engineering Industrial Experience, Exposure to Professional Practice
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Introduction

Exposure to Professional Practice (EPP) has been a long standing requirement of accredited
engineering programs in Australia. The objective of this exposure is to help couple the
University delivered theoretical content with contemporary practice experienced across a
diverse employment sector. The connection between practice and theory is intended to
encourage student engagement with the theoretical content more strongly, providing better
graduate outcomes. Further, learning gained through periods of workplace experience
enable ‘fresh from school’ students to transition into the workforce with a stronger work ethic
and more realistic employment expectations.

In recent years, economic downturns have reduced the volume of paid placements, and
uncertainty with the Fair Work Act have led to a reduction in unpaid placements. A national
working party was initiated in 2014 at the AAEE Assistant Deans of Teaching and Learning
meeting, to investigate practices across the sector. The Australian Council of Engineering
Deans (ACED) later requested this group to assist in re-writing the EPP element of the
accreditation document ‘G02’, and asked the team to develop a set of appropriate EPP
learning outcomes. As this work was nearing completion, the Tertiary Education Quality and
Standards Agency (TEQSA) released a consultation draft of the eight page Work Integrated
Learning (WIL) guidance note (TEQSA, 2017a) for comment and implementation. This was
reported at the AAEE2016 conference in a workshop, and discussed at the post conference
AD TL meeting. The ACED backed EPP project team then worked to assess the potential
impacts and provided feedback to TEQSA. This feedback is now reflected in the latest
version of the TEQSA WIL guidance note (TEQSA, 2017a).

This paper provides an overview of the outcomes from the EPP working party, with the
salient aspects of the Fair Work Act, the influence of the TEQSA WIL guidance note, and
provides initial comments around the references to sections of the Higher Education
Standards Framework from the TEQSA WIL note.

Exposure to Professional Practice # Time in Industry

The majority of Australian undergraduate engineering programs have required a 12 week
pre-graduation ‘exposure to professional practice’ for many decades. A number of
engineering programs overprescribe/simplify this requirement to require graduands
demonstrate 12 weeks of ‘time in industry'. This is not the specific requirement by Engineers
Australia. EPP is intended to compliment and thread through the educational process, and
whilst periods ‘in industry’ generally contribute to this goal, other mechanisms are cited in the
accreditation manual. Examples include ‘real world’ problems, guest industry lectures, site
visits etc. The perceived difficulty with these is one of an accounting issue. What is the
equivalent numerical ‘value’ of a site visit, or a 1 hour guest lecture?

Consider an imaginary engineering faculty, the irregularities arising from one program
‘claiming’ to have fully embedded EPP and another program claiming zero embedded EPP
might easily lead this faculty to ease program management and adopt a blanket approach
requiring 12 weeks of ‘time in industry’ to ensure students in all programs gain adequate
EPP. There is no denying that in terms of work readiness, that a substantive period of good
quality industrial experience prior to graduation will provide students with a valuable and
saleable skill. Whilst this is often cited as the Gold Standard, some experiences are
expected to be far better than others.

EPP Learning Outcomes and an Exemplar Learning
Journal

The EPP project developed three generic Learning Outcomes, or Competency Elements, to
focus student’s expectations from EPP, and assist providers in approving/developing EPP
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experiences. These high level learning outcomes, shown in Table 1, can be met by students
at all stages of their study program, and are considered suitable for the diversity of EPP
implementations and potential student experiences. These statements are structured in a
similar format to the Engineers Australia stage 1 Competency Standards (Engineers
Australia, 2013) with the learning outcomes including potential indicators of attainment.
These are intended to enable students to focus their reflection on all episodes of exposure to
professional practice. Operationally, students would complete an approved EPP activity, and
on completion create a descriptive narrative encompassing the experience. Based on that
narrative, students would then reflect on the various EPP/EA Competency Elements as
appropriate to that experience. This creates an opportunity to request students consider the
Degree learning outcomes as part of this reflection process, to encourage deeper program
level reflection. A truncated section from the full learning journey document is provided as
the concluding page in this paper. This is not presented in expectation for widespread use or
deployment, merely as one of a myriad of options to aid students in maximising their
personal gain from EPP activities. The format, structure and expectations for the journal are
anticipated to be defined by individual providers.

Table 1 — Proposed Learning Journey — Exposure to Professional Practice elements only

REFLECTION AREA

Exposure to Professional Practice

COMPETENCY ELEMENT

POTENTIAL INDICATORS OF ATTAINMENT

Exposure to an
industrial/technical
environment in order to
appreciate the various
activities associated with
engineering practice

Routine, punctuality and maintained work ethic

Professionalism — integrity, honesty, respect and
confidentiality

Communication with colleagues, experts and laypeople

Appreciation of the relevance of the engineering curriculum

Understanding of the influence of professional engineers
and the inherent associated responsibility

Observe and undertake
tasks in practical aspects of
investigation, design and
construction of engineering
works as a complement to
theoretical studies

Understand of the supporting social function that engineers
provide.

Appreciation that every engineering discipline spans a
breadth of knowledge beyond the specific curriculum

Appreciate that a team of people are often required to
complete any project

Gain confidence to take up
positions that require
responsibility, motivation,
decision making and
communication over other
people in the market place

Appreciation of the knowledge gained during studies and
the value this adds to you as a prospective employee.

It is the authors’ intent, to empower students to create and monitor their own specific
learning journey, and in doing so presume that each and every student will present a
notionally different aggregation of experiences in demonstration of their 12 weeks

(equivalent) of EPP.

EPP activities and suggested aggregation value

Whilst not intending prescription, the Engineers Australia accreditation documentation

(currently under revision) will includes a number of activities that EPP might utilise. Some of
these activities can be leveraged and generate additional value add through the application
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of reflective practice. For example, a 1 hour ‘EA’ Continuing Professional Development
(CPD) attracting seminar, might provide a student with a demonstrable claim for 4 hours
“EPP”, through writing a brief narrative about the presentation and reflecting how that aligns
with areas of professional practice and the Stage 1 competencies. Likewise, a 72 day site
visit might enable a claim for 1 EPP day through the generation of a narrative and reflection.
In these cases, the ‘value’ attributed is expected to be greater than the students expended
time.

Each of these activities would constitute a ‘leaf’ in the students learning journey that could be
submitted as a portfolio of aggregation for graduation approval. The exact weightings for
various activities are left to the individual Universities to develop as appropriate for their
situation.

As suggestions, many students are actively engaged in major student led projects, Formula
SAE, Robot X, Solar Car challenge, RoboCup, etc. Many of these require student led teams,
and therefore a student leader. The student leader in many instances will demonstrate
significant levels of the ‘Professional’ attributes aligned with periods of EPP. A narrative and
reflection on these episodes should attract due recognition as appropriate for the specific
project. Whilst project & team dependant, all members within a team could make an
independent claim for hours associated with EPP.

Many programs draw problems from industry and thread these throughout the degree
program. Whilst many academics may do this as a natural element of course (unit) design,
this is not necessarily factored into a student’s aggregation of EPP time. It is perhaps not
uncommon to have complete units presented by industrial conjoints bringing a wealth of
inherent EPP and requiring students to complete assessments based directly on industrial
problems. In a typical course requiring 140 hours of student effort, taught exclusively by an
industry conjoint, is it unrealistic to equate this to 3 weeks of EPP time?

Government regulations

The Fair Work Commission and the Fair Work Act

The Fair Work Commission was initiated in 2009 as part of the Fair Work Act (2009), a
government initiative to rationalise and unify oversight bodies and generate a consistent set
of guidelines for all Australian workers. The objective of the Act is to provide a balanced
framework for cooperative and productive workplace relations. Of relevance to student
placements within Higher Education, there are two fact sheets: Unpaid Work (Fair Work
Ombudsman, 2017a) and Vocational Placements (Fair Work Ombudsman, 2017b). These
fact sheets provide an interpretation of the Act for reference by both Higher Education
providers and placement providers.

The Unpaid Work fact sheet provides guidance on where and how a person might complete
a short period of unpaid work as demonstration of capacity and/or fitness for duty, but also
provides guidance to ensure that this is not exploited. The Vocational Placements fact sheet
is aimed at students with an educational requirement to complete a period (or periods) of
Work Integrated Learning/Professional Practice as part of their course of study. This
document provides an explicit examples for an engineering placements as part of a degree
program.

‘Jayne is in her final year of a mechanical engineering degree and has completed
her formal class studies.

As a requirement to graduate, Jayne has to organise professional engineering work
experience at a business for 12 weeks. While Jayne has to organise the placement
herself, the University has strict criteria about needing to assess an employer to
ensure her vocational placement provides the relevant learning environment, and
gives final sign-off on the placement. As this arrangement meets the definition of a
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vocational placement under the FW Act, it can be unpaid.” (Fair Work Ombudsman,
2017b)

One element that has been misinterpreted within some higher education providers is the
productivity element for students on placements. The Unpaid Work fact sheet states:

“Although the person may do some productive activities during a placement, they
are less likely to be considered an employee if there is no expectation or
requirement of productivity in the workplace.” (Fair Work Ombudsman, 2017a)

The misinterpretation has been that students can not undertake an unpaid placement as part
of their required EPP, if they complete productive work. Whilst very short periods of work
shadowing might be of benefit, longer placements, such as the 12 weeks required by most
Universities, a work-shadowing only experience is unlikely to add value to the degree
program or meet the objective of EPP.

The authors note that arguments might remain about the potential for exploitation of
students. Though, a placement is only considered a vocational placement until the
course/program requirement has been met. Therefore, if a program requirement is 12
weeks, work beyond the 12 weeks would not be considered as a vocational placement and,
if unpaid, would need to continue to meet the conditions for unpaid work. In engineering the
types of experiences sought and the liability/indemnity issues perhaps reduce the potential
for exploitation of students.

TEQSA WIL Guidelines

The Tertiary Education Quality and Standards Agency was established in 2011, “TEQSA
requlates and assures the quality of Australia’s large, diverse and complex higher education
sector” and “TEQSA registers and evaluates the performance of higher education providers
against the Higher Education Standards Framework - specifically, the Threshold Standards,
which all providers must meet in order to enter and remain within Australia’s higher
education system.” (TEQSA, 2017b)

Through the Threshold Standards and the Australian Qualifications Framework, a significant
volume of work has been completed by Higher Education providers in demonstration of
compliance. TEQSA guidelines are now a core consideration in the tertiary sector for many
decisions and proposals.

In August 2016, TEQSA released their eight page draft guidance note for the inclusion of
WIL in programs, notionally for implementation from 1 Jan 2017. This guidance note outlines
expected standards for WIL, to ensure that it is constructed as an effective and positive
learning experience integrated into the program of study.

In broad terms, the WIL guidance note defines a minimum standard of accountability, and
duty of care, for education providers to ensure that a three-way understanding of placement
intent exists. The three parties being; the education provider, the experience provider, and
the student. Clarity of the student learning outcomes are expected to be provided to all
parties to ensure maximum educative value from these placements. The TEQSA WIL
guidance note obligates tertiary providers to engage strongly with placement providers and
to assure the quality of the placements provided. This engagement spans the duration of any
proposed placement to ensure appropriate on-boarding into the workplace, appropriate
activities during placement, mid-placement contact (at least monthly if student is undertaking
full time EPP) to ensure student wellbeing, and closure at the completion of the placement.
This interaction is aimed both at student and EPP providers to ensure a positive trajectory
for experience providers, or a block on further placements if they prove inappropriate.

Whilst it is unable to claim as an absolute, it is anticipated that engineering student
placements provided at many ‘Engineering’ companies will already obtain robust inductions
and a diverse range of non-trivial activities, meeting the intent of the TEQSA WIL guidance
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note. However, the rapid rise of ‘start up’ companies in the engineering space, and where
placements are provided by very small businesses, might require a higher level of vigilance
from the University with respect to the Higher Education Standards Framework.

From an engineering perspective, the guidance note reinforces the requirements for genuine
oversight of EPP activities while a student is on placement. For providers that leave the
students vocational industrial placement completely for the student to arrange, a review of
their EPP oversight structures may be necessary to remain compliant with TEQSA.

Higher Educations Standards Framework Requirements.

The TEQSA WIL guideline explicitly picks elements of the HESF as requiring specific
consideration. These are replicated here for reader convenience and an author interpretation
of their impact provided. These interpretations have NOT been tested with TEQSA.

“The Standards that are primarily concerned with quality assurance of work-
integrated learning delivered through third parties are in Section 5.4 (at Standard
5.4.1). However, the role of work-integrated learning more broadly and the extent of
its integration are also related to Learning Outcomes and Assessment (Section 1.4),
including, for example, learning outcomes for employment (e.g. Standards 1.4.2¢ &
d). The Standards on Course Design (Section 3.1) are also relevant in so far as
workplace learning is adopted and integrated as part of a course of study.

Depending on the nature and extent of workplace learning involved, the Standards
on Staffing (Section 3.2) may be applicable as well in relation to supervision of
students in the workplace. The Standards on Learning Resources and Educational
Support (Section 3.3) may equally be applicable, as may those concerned with
Credit and Recognition of Prior Learning (Section 1.2) where previous WIL may
lead to credit for prior learning.

In some workplaces the wellbeing and safety of students (see Section 2.3) may
assume particular significance, such as exposure to potentially stressful
circumstances in clinical placements. At a more overarching level, the provider’s
course approval and monitoring processes (Sections 5.1 and 5.3) would be
expected to consider WIL.”

Section 1.2 ‘Credit and Recognition of Prior Learning’. The main elements or this clause are-

a) students granted such credit are not disadvantaged in achieving the expected
learning outcomes for the course of study or qualification, and

b) the integrity of the course of study and the qualification are maintained.

Overall, the granting of EPP exemption on the basis of previous to study experience is
unlikely in engineering education, as there are very few perceivable instances where
sufficient exposure to professional engineering practices could occur prior to study.

A partial case is likely where a student with a prior (non-professional) engineering
qualification, though upskilling might be able to present a defendable case. It is anticipated
that no campus would currently grant a full exemption from the EPP requirements, but
enable the student to claim a limited volume of EPP on the submission of a report
documenting activities, and preferable reflecting on how these align with the Stage 1
competencies. A tradesman providing a reflection on their trade experience, through the lens
of Stage 1 competencies, after completing a volume of academic study, might warrant three
to four weeks of EPP?

Where a qualified professional engineer re-enters the undergraduate arena to change
engineering discipline, it is likely defendable to grant complete exemption from additional
EPP documentation.
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Section 1.4 ‘Learning Outcomes and Assessment’ Sections 1.4.2¢c & d

This section deals with the appropriate design of courses. Given the nature of EPP, this
clause is unlikely to impact on the operation with engineering degrees. Programs that are
reliant on ‘entry to practice’ outcomes from WIL, such as teaching and many allied health
programs will need to be cognisant of this section of the HESF.

Section 2.3 ‘Wellbeing and Safety’

This is an area where the HESF elaborates that Higher Education providers must facilitate
access to an appropriate range of health services and general student support. If a student
is taking part in an off-campus period of EPP, it is clear that they are removed from the
provision of care that they might be accustomed to. This is a risk to the University that must
be managed, to ensure that the students’ wellbeing and safety are not compromised whilst
undertaking periods of EPP in industry. This is an area that some Universities might need to
expend additional energy in establishing and monitoring the EPP providers. At a minimum,
Universities cannot now allow students to complete long placements without periodic
monitoring of wellbeing. A suggested minimum contact interval of once per month whilst on
a full time placement was suggested to TEQSA as part the feedback process.

Section 3.1 ‘Course Design’

As applied to EPP, this requires all parties to understand why students are seeking EPP,
and what tasks might be appropriate/inappropriate. The definition of specific learning
outcomes for EPP and the suggestion herein of the learning journey are one possible
element to meet this requirement,

Section 3.2 ‘Staffing’

3.2.3.c states that educators are required to hold a qualification 1 level above the program
being taught. This includes courses therein, and therefore can be extended to workplace
supervisors of EPP. However this rule has a relaxation to account for professional &/or
practical experience. At a high level, a ‘Chartered’ eligible professional engineer is easily
defendable. However, many students will gain significant applicable knowledge from periods
of activity at a trade or pre-trade level — e.g. working as a trade assistant. This represents
the complexity with the engineering EPP space. Clearly as a trade assistant, the appropriate
supervision is a tradesperson, who is likely several AQF levels below our final target level.

Section 5.3 ‘Monitoring, Review and Improvement’

Of significance is a statement in the HESF, and within the WIL guideline, for monitoring the
EPP placement providers, and specifically using student feedback as part of the monitoring
process to potentially block some poorly performing EPP locations. From this, Universities
may need to develop additional formal tracking of student feedback on various providers.

Section 5.4 ‘Delivery with Other Parties’

Work-integrated learning, placements, other community-based learning and
collaborative research training arrangements are quality assured, including
assurance of the quality of supervision of student experiences.

Section 3.3 ‘Learning Resources and Educational Support’is unlikely to present a significant
issue with the all but universal adoption of LMS systems

Section 5.1 ‘Course Approval and Accreditation - No significant impact perceived

Discussion

EPP within engineering programs is a requirement of accredited engineering programs and
can be structured in many ways. Where industrial placements are a component of an EPP
structure, it is necessary for a provider to understand both Fair Work and TEQSA
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requirements. The Fair Work Act enables vocational placements to be unpaid and TEQSA
stipulate a minimum level of acceptable intervention from the educational providers to assure
that these experiences are meaningful.

Where students partake in paid engineering employment, this falls into an
employee/employer relationship with no legal obligation from the higher education provider.
Where the higher education provider explicitly brokers the employment arrangement or
requires that placement for the student to fulfil the obligations of their EPP requirement, the
placement would need to be structured to meet defined learning outcomes and the TEQSA
requirements.

The TEQSA WIL guidance note specifies the tracking and monitoring of student wellbeing
but does not prescribe how this should be achieved. Due to the number and diversity of
engineering placements, monitoring of placements will be most readily be accomplished
through the adoption of a suitable software platform. Ideally such systems would maintain
consistent records for past and present placements. There are several such platforms
available to the market from Australia providers, such as SONIA and InPlace. One package
is actively being explored by a sub-set of Australian Engineering schools to more specifically
meet the needs of the engineering placement process. Processes and concepts will be
shared with the broader engineering community to ensure, as far as practical, a unified
national process.

TEQSA does declare a higher level of conformance and interaction for institutions that
receive funds for the provision of EPP requirement.

Conclusions

This paper has explored the Exposure to Professional Practice within engineering education,
which has been a long standing element for graduation. The paper has shown that the Fair
Work Act allows for the continuation of this practice and through the Fair Work
Ombudsman’s publications, that the requirements are explicitly clarified for a fictitious
engineering student. Importantly, clarification that unpaid, ‘productive’ work is lawful under
the Fair Work Act for vocational placements was gained.

In addition to the FWA requirements, the more recently released TEQSA WIL guidance note
requires providers to assure the wellbeing of students on placements. It is therefore
necessary to ensure the suitability of all placements within EPP to meet designed
educational outcomes. Through the ACED supported EPP group, detailed feedback was
provided to TEQSA which has been incorporated into the recently updated TEQSA WIL
Guidance note.

A set of TEQSA mandated learning outcomes have been developed and presented for
potential use with exposure to professional practice (EPP), with indicators of attainment akin
to those used in the EA Stage 1 competency documents to aid student engagement.

Suggestions for a small subset of ‘hour leveraging’ activities, currently being used at several
Universities, as a means of encouraging students to make use of the EPP opportunities that
are on offer, such as site visits and special guest lectures have been presented. It is
suggested that dependant on each specific University, the range of activities will be greatly
expanded, and ‘hour valued’ as relevant to local conditions.

The final outcome from the ACED funded work and this paper is a learning journal exemplar.
Whilst each institution will consider their own implementation, the intent is to aid students in
monitoring their aggregation of professional experience towards broad learning outcomes. It
is also intended to enable deeper reflection towards the Stage 1 Competency Standards
defined by Engineers Australia.
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Appendix A - Example of possible student learning journey for recording of their exposure to professional practice

Student Learning Journey Record
Suggested Template for implimentation into a Portfolio System such as SONIA or InPlace

Students are to complete this form, using the indicators of attinment against each stage one competancy as appropriate. For Exposure to Professional
Practice, those with the Green stripe are suggested. As a general tracking of progress, all in Yellow. And progress towards degree programs outcomes,
Blue. Some campusus have aligned program learning outcomes with EA Stage 1, and therefore the blue section is not required.

REFLECTION AREA

Exposure to Professional Practice

Date of Entry MM/YY : Reason of Entry (Seminar,
site visit etc)

COMPETENCY ELEMENT

POTENTIAL INDICATORS OF ATTAINMENT

Self reflection : How am | meeting these at this
point in my degree

Exposure to an industrial/technical
environment in order to appreciate
the various activities associated with
engineering in industry

Routine, punctuality and maintained work ethic

Professionalism — integrity, honesty, respect and confidentiality

Communication with colleagues, experts and laypeoples

Apprecation of the relevance of the engineering curriculum

Understanding of the influence of professional enigneers and the inhernet associated responsibility

Prepopulate a number of these as examples: EG
Atended a site visit to XXXX Engineering.
Enabled better understanding of .....

Observe and undertake tasks in
practical aspects of investigation,
design and construction of
engineering works as a complement
to theoretical studies

Understand of the supporting social function that engineers provide.

Appreciation that every engineering discipline spans a breadth of knowledge beyond the specific curriculum

Appreciate that a team of people are often required to complete any project

Gain confidence in your capacity to
take up positions that require
responsibility, motivation, decision
making and communication over
other people in the market place

Appreciation of the knowledge gained during studies and the value this adds to you as a prospective employee.

REFLECTION AREA

Professional and Personal Attributes

Date of Entry MM/YY

COMPETENCY ELEMENT

POTENTIAL INDICATORS OF ATTAINMENT

Self reflection : How am | meeting these at this
point in my degree

3.1 Ethical conduct and professional
accountability

a) Demonstrates commitment to uphold the Engineers Australia - Code of Ethics, and
established norms of professional conduct pertinent to the engineering discipline.

b) Understands the need for ‘due-diligence’ in certification, compliance and risk management
processes.

¢) Understands the accountabilities of the professional engineer and the broader engineering team
for the safety of other people and for protection of the environment.

d) Is aware of the fundamental principles of intellectual property rights and protection.

3.2 Effective oral and written
communication in professional and lay
domains.

a) Is proficient in listening, speaking, reading and writing English, including:
- comprehending critically and fairly the viewpoints of others;
- expressing information effectively and succinctly, issuing instruction, engaging in discussion,
presenting arguments and justification, debating and negotiating - to technical and non-technical
audiences and using textual, diagrammatic, pictorial and graphical media best suited to the
context;
- representing an engineering position, or the engineering profession at large to the broader
community;
- appreciating the impact of body language, personal behaviour and other non-verbal
communication processes, as well as the fundamentals of human social behaviour and their
cross-cultural differences.
b) Prepares high quality engineering documents such as progress and project reports, reports of
investigations and feasibility studies, proposals, specifications, design records, drawings, technical

descriptions and presentations pertinent to the engineering discipline.

3.3 Creative, innovative and pro-active
demeanour.

a) Applies creative approaches to identify and develop alternative concepts, solutions and
procedures, appropriately challenges engineering practices from technical and non-technical
viewpoints; identifies new technological opportunities.

b) Seeks out new developments in the engineering discipline and specialisations and applies
fundamental knowledge and systematic processes to evaluate and report potential.

c) Is aware of broader fields of science, engineering, technology and commerce from which new
ideas and interfaces may be may drawn and readily engages with professionals from these fields to
exchange ideas.

3.4 Professional use and management
of information.

a) s proficient in locating and utilising information - including accessing, systematically searching,
analysing, evaluating and referencing relevant published works and data; is proficient in the use of
indexes, bibliographic databases and other search facilities.

b) Critically assesses the accuracy, reliability and authenticity of information.

c) Is aware of common document identification, tracking and control procedures.

3.5 Orderly management of self, and
professional conduct.

a) Demonstrates commitment to critical self-review and performance evaluation against appropriate
criteria as a primary means of tracking personal development needs and achievements.

b) Understands the importance of being a member of a professional and intellectual community,
learning from its knowledge and standards, and contributing to their maintenance and advancement.

c) Demonstrates commitment to life-long learning and professional development.

d) Manages time and processes effectively, prioritises competing demands to achieve personal,
career and organisational goals and objectives.

e) Thinks critically and applies an appropriate balance of logic and intellectual criteria to analysis,
judgment and decision making.

f) Presents a professional image in all circumstances, including relations with clients, stakeholders,
as well as with professional and technical colleagues across wide ranging disciplines.

a) Understands the fundamentals of team dynamics and leadership.
b) Functions as an effective member or leader of diverse engineering teams, including those with

multi- level, multi-disciplinary and multi-cultural dimensions
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3.6 Effective team membership and
team leadership.

c) Earns the trust and confidence of colleagues through competent and timely completion of tasks.

d) Recognises the value of alternative and diverse viewpoints, scholarly advice and the importance
of professional networking.
e) Confidently pursues and discerns expert assistance and professional advice.

f) Takes initiative and fulfils the leadership role whilst respecting the agreed roles of others.

REFLECTION AREA

Application of Engineering Abilities

COMPETENCY ELEMENT

POTENTIAL INDICATORS OF ATTAINMENT

2.1 Application of established
engineering methods to complex
engineering problem solving.

a. ldentifies, discerns and characterises salient issues, determines and analyses causes and
effects, justifies and applies appropriate simplifying assumptions, predicts performance and
behaviour, synthesises solution strategies and develops substantiated conclusions.

b. Ensures that all aspects of an engineering activity are soundly based on fundamental principles -
by diagnosing, and taking appropriate action with data, calculations, results, proposals, processes,
practices, and documented information that may be ill-founded, illogical, erroneous, unreliable or
unrealistic.

c. Competently addresses engineering problems involving uncertainty, ambiguity, imprecise
information and wide-ranging and sometimes conflicting technical and non-technical factors.

d. Partitions problems, processes or systems into manageable elements for the purposes of
analysis, modelling or design and then re-combines to form a whole, with the integrity and
performance of the overall system as the paramount consideration.

e. Conceptualises alternative engineering approaches and evaluates potential outcomes against
appropriate criteria to justify an optimal solution choice.

f. Critically reviews and applies relevant standards and codes of practice underpinning the
engineering discipline and nominated specialisations.

g. Identifies, quantifies, mitigates and manages technical, health, environmental, safety and other
contextual risks associated with engineering application in the designated engineering discipline.

h. Interprets and ensures compliance with relevant legislative and statutory requirements applicable]
to the engineering discipline.

i. Investigates complex problems using research-based knowledge and research methods.

2.2 Fluent application of engineering
techniques, tools and resources.

a. Proficiently identifies, selects and applies the materials, components, devices, systems,
processes, resources, plant and equipment relevant to the engineering discipline.

b. Constructs or selects and applies from a qualitative description of a phenomenon, process,
system, component or device a mathematical, physical or computational model based on
fundamental scientific principles and justifiable simplifying assumptions

c. Determines properties, performance, safe working limits, failure modes, and other inherent
parameters of materials, components and systems relevant to the engineering discipline.

d. Applies a wide range of engineering tools for analysis, simulation, visualisation, synthesis and
design, including assessing the accuracy and limitations of such tools, and validation of their results.

e. Applies formal systems engineering methods to address the planning and execution of complex,
problem solving and engineering projects.

f. Designs and conducts experiments, analyses and interprets result data and formulates reliable
conclusions.

g. Analyses sources of error in applied models and experiments; eliminates, minimises or
compensates for such errors; quantifies significance of errors to any conclusions drawn.

h. Safely applies laboratory, test and experimental procedures appropriate to the engineering
discipline.

i. Understands the need for systematic management of the acquisition, commissioning, operation,
upgrade, monitoring and maintenance of engineering plant, facilities, equipment and systems.

j. Understands the role of quality management systems, tools and processes within a culture of
continuous improvement.

2.3 Application of systematic
engineering synthesis and design
processes.

a) Proficiently applies technical knowledge and open ended problem solving skills as well as
appropriate tools and resources to design components, elements, systems, plant, facilities and/or
processes to satisfy user requirements.
b) Addresses broad contextual constraints such as social, cultural, environmental, commercial,
legal political and human factors, as well as health, safety and sustainability imperatives as an
integral part of the design process.
c) Executes and leads a whole systems design cycle approach including tasks such as:
- determining client requirements and identifying the impact of relevant contextual factors,
including business planning and costing targets;
- systematically addressing sustainability criteria;
- working within projected development, production and implementation constraints;
- eliciting, scoping and documenting the required outcomes of the design task and defining
acceptance criteria;
- identifying assessing and managing technical, health and safety risks integral to the design
process;
- writing engineering specifications, that fully satisfy the formal requirements;
- ensuring compliance with essential engineering standards and codes of practice;
- partitioning the design task into appropriate modular, functional elements; that can be
separately addressed and subsequently integrated through defined interfaces;
- identifying and analysing possible design approaches and justifying an optimal approach;
- developing and completing the design using appropriate engineering principles, tools, and
processes;
- integrating functional elements to form a coherent design solution;
- quantifying the materials, components, systems, equipment, facilities, engineering resources
and operating arrangements needed for implementation of the solution;
- checking the design solution for each element and the integrated system against the
engineering specifications;
- devising and documenting tests that will verify performance of the elements and the
integrated realisation;

- prototyping/implementing the design solution and verifying performance against specification;

- documenting, commissioning and reporting the design outcome.

d) Is aware of the accountabilities of the professional engineer in relation to the ‘design authority’
role.

2.4 Application of systematic

a) Contributes to and/or manages complex engineering project activity, as a member and/or as
leader of an engineering team.

b) Seeks out the requirements and associated resources and realistically assesses the scope,
dimensions, scale of effort and indicative costs of a complex engineering project.

c) Accommodates relevant contextual issues into all phases of engineering project work, including

the fundamentals of business planning and financial management
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approaches to the conduct and
management of engineering projects.

d) Proficiently applies basic systems engineering and/or project management tools and processes
to the planning and execution of project work, targeting the delivery of a significant outcome to a
professional standard.

e) Is aware of the need to plan and quantify performance over the full life-cycle of a project,
managing engineering performance within the overall implementation context.

f) Demonstrates commitment to sustainable engineering practices and the achievement of
sustainable outcomes in all facets of engineering project work.

REFLECTION AREA

Core Knowledge and Skill Base

1.1 Comprehensive, theory based
understanding of the underpinning
natural and physical sciences and
the engineering fundamentals
applicable to the engineering

discipline.

a) Engages with the engineering discipline at a phenomenological level, applying sciences and

engineering fundamentals to systematic investigation, interpretation, analysis and innovative solution|

of complex problems and broader aspects of engineering practice.

1.2 Conceptual understanding of
the, mathematics, numerical
analysis, statistics, and computer
and information sciences which
underpin the engineering discipline.

a) Develops and fluently applies relevant investigation analysis, interpretation, assessment,
characterisation, prediction, evaluation, modelling, decision making, measurement, evaluation,
knowledge management and communication tools and techniques pertinent to the engineering
discipline.

1.3 In depth understanding of
specialist bodies of knowledge
within the engineering discipline.

a) Proficiently applies advanced technical knowledge and skills in at least one specialist practice
domain of the engineering discipline.

1.4 Discernment of knowledge
development and research directions
within the engineering discipline.

a) Identifies and critically appraises current developments, advanced technologies, emerging issues|

and interdisciplinary linkages in at least one specialist practice domain of the engineering discipline.

b) Interprets and applies selected research literature to inform engineering application in at least
one specialist domain of the engineering discipline.

1.5 Knowledge of contextual factors
impacting the engineering discipline.

a) Identifies and understands the interactions between engineering systems and people in the
social, cultural, environmental, commercial, legal and political contexts in which they operate,
including both the positive role of engineering in sustainable development and the potentially
adverse impacts of engineering activity in the engineering discipline.

b) Is aware of the founding principles of human factors relevant to the engineering discipline.

c) Is aware of the fundamentals of business and enterprise management.

d) Identifies the structure, roles and capabilities of the engineering workforce.

e) Appreciates the issues associated with international engineering practice and global operating
contexts.

1.6 Understanding of the scope,
principles, norms, accountabilities and
bounds of contemporary engineering
practice in the engineering discipline.

a) Applies systematic principles of engineering design relevant to the engineering discipline.

b) Appreciates the basis and relevance of standards and codes of practice, as well as legislative
and statutory requirements applicable to the engineering discipline.

c) Appreciates the principles of safety engineering, risk management and the health and safety
responsibilities of the professional engineer, including legislative requirements applicable to the
engineering discipline.

d) Appreciates the social, environmental and economic principles of sustainable engineering
practice.

e) Understands the fundamental principles of engineering project management as a basis for
planning, organising and managing resources.

f) Appreciates the formal structures and methodologies of systems engineering as a holistic basis
for managing complexity and sustainability in engineering practice.
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CONTEXT Authentic education, which connects the lessons with students’ real lives and
their prior knowledge, has the potential to create meaningful learning environments in which
students see their lessons as meaningful, useful and relevant. Typically engineering
undergraduate courses do not provide students with an opportunity to solve meaningful real
life engineering problems that are beneficial for their lives and societies. Authentic
engineering education has the potential to help students develop their creativity, problem
solving and innovation skills.

PURPOSE The focus of authentic education is to employ interdisciplinary ways in order to
solve real-world problems. This study aims at inspiring other educators to integrate authentic
scenarios into their teaching activities.

APPROACH For this study projects and assignments with real life relevance were

introduced for several courses across a semester for students enrolled in papers spanning a
range of years and engineering disciplines. Students comments on their learning experience
with this authentic approach vs. traditional lecture based teaching are included in this paper.

RESULTS Early observations indicate an increased level of engagement with students
more motivated to learn and displaying an enthusiastic positive approach to their study. It is
also considerably more exciting and stimulating environment to teach in.

CONCLUSIONS This paper outlines relatively early efforts to change the established
learning paradigm in engineering classes and as such it is too early to draw firm conclusions.
However, our experiences to date demonstrate that providing a more authentic education
environment engages students more positively in their study. Creating such an environment
connects theory and practice and exposes students to real life situations and should prepare
them better for 21st century challenges.

KEYWORDS Real World Problems, Authentic Learning, Self-Directed Learning

This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license, visit

http://creativecommons.org/licenses/by/4.0/

1

AAEE-2017_Full_Paper_Submission_018

sian Agg
355 85005,

W

o
Yion @ v

O

85



Introduction

The new pedagogical concept called “authentic learning’ was proposed by Herrington et al
(Herrington, 2006). Authentic learning typically relates to real world, complex problems and
their solutions, using role playing exercises, problem-based activities in real or simulated
communities of practice. Herod (Herod, 2002) describes authentic learning as follows:

“In this type of learning materials and activities are framed around real life contexts in which
they would be used. The underlying assumptions of this approach is that material is
meaningful to students and therefore, more motivating and deeply processed.”

It is reported that students engaged in authentic learning activities cultivate “portable skills”
and develop the flexibility to work across disciplinary and cultural boundaries to generate
innovative solutions (Chang et al., 2010).

The process of authentic learning creates an interdisciplinary approach to providing solutions
to real life problems that students relate to and are motivated to learn skills that better
prepare them better for the Grand Challenges (Vest, 2008) they will encounter in their
careers and lives after leaving university (Jadud, 2000).

Typical traditional engineering courses often do not provide students with an opportunity to
solve meaningful real life engineering problems that are beneficial for their lives and
societies. It has also been around fifty years since the engineering curricula has changed
significantly. Since this time science and mathematics has had a central and dominant
emphasis in most engineering courses. However much has changed in this time and a
modern engineer requires a broader set of skills. In recent years many employers have
complained about the need for new engineering graduates to have more professional skills
(Miller, 2010).

As Richard Miller of Olin College, USA reports many modern students are highly motivated to
tackle the Grand Challenges referred to by (Vest, 2008) but do not see the narrow study of
physics and mathematics to be the key to tackling these problems. They are often seeking to
make a positive difference in the world and the lives of people. They also do not see the
study of engineering science and mathematics as being directly related to the problems that
they see or care about (Miller, 2010). Miller argues that engineering curricula need
rebalancing and requires students to be more involved in “maker” projects less time spent in
lectures that involve learning just in case knowledge about topics that are never actually
needed.

Higher education is beginning to shift, but slowly. The old pedagogical paradigm of the expert
professor delivering content to rows and rows of quiet students who take notes and prepare
to demonstrate knowledge in tests is beginning to change. Now we can see the emergence
of more experiential learning in engineering courses worldwide. These developments in
engineering education are leading to fundamental changes in curricula and pedagogies
(Kolmos et al., 2004)

There is much evidence that instructional strategies that encourage undergraduates to
become actively engaged in their own learning can produce levels of understanding,
retention and transfer of knowledge greater than those resulting from traditional lecture/lab
classes (Lord, 1997), however in many science and technology subjects there has been little
adoption of student centric practices (DeHaan, 2005) despite evidence that the “sage on a
stage” approach (King, 1993) is not as effective as alternatives. Developments in student-
centric learning such as problem-based and project-based learning have so far had relatively
little impact on mainstream engineering education (Mills and Treagust, 2003), this could in
part be attributed to a lack of understanding of the difference between these approaches,
particularly when a project-based approach is mistakenly represented as problem-based. It is
not uncommon for project-based approaches to be based around specifications for a desired
end product, and such fixed expectations can diminish the learner’s role in setting the goals
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and outcomes (Savery, 2015). Whilst student-centric approaches are gaining popularity in
STEM subijects, the liberal arts disciplines were early adopters of such approaches. It has
been argued that engineering and technology should be reconfigured as academic
disciplines, similar to other liberal arts disciplines (Duderstadt, 2010). Whilst this view is
gaining some support many universities and professional institutes remain sceptical and
wedded to a more traditional approach.

Traditional engineering instruction is deductive, beginning with theories and progressing to
the applications of those theories (Prince and Felder, 2006), whereas arts based pedagogies
are more inductive. Topics are introduced by presenting specific observations, case studies
or problems, and theories are taught or the students are helped to discover them only after
the need to know them has been established. A wide variety of inductive teaching methods
exist, including inquiry learning, problem-based learning, project-based learning and
discovery learning. The mismatch that exists between common learning styles of engineering
students and traditional teaching styles of engineering professors is not a recent observation
(Felder and Silverman, 1988) which begs the question, why has there been no widespread
adoption of inductive teaching methods in the engineering disciplines? In engineering, the
most-favoured pedagogical model for teaching in an inductive style is project-based learning
(Dym et al., 2005). Project based learning is an approach to learning that focuses on
developing a product or the creation of an artefact of some form. Whilst not formally defined
as such, project based learning has the potential to embrace the principles of learning by
doing (Schank et al., 1999), though the project may or may not be student-centred, problem-
based, or inquiry-based as has been observed by de Graaf and Kolmos (De Graaf and
Kolmos, 2003) who define three types of projects that differ in the degree of student
autonomy.

1. Task based project: Student teams work on projects that have been defined by the
instructor, using largely instructor-prescribed methods. This type of project provides
minimal student motivation and skill development, and is part of traditional instruction in
most engineering curricula.

2. Project based learning: The instructor defines the subject area of the projects and
specifies in general terms the approaches to be used (which normally involve methods
common in the discipline of the subject area), but the students identify the specific
project and design the particular approach they will take to complete it.

3. Problem based learning: The students have nearly complete autonomy to choose their
project and their approach to it.

Much has been written on the third of these, namely problem based learning (Kolmos et al.,
2004).

Real authentic learning is a further development of problem based learning. (Grabinger et al.,
1997). Authenticity is an important part of problem based learning for three reasons. First,
realistic problems hold more relevance to students’ needs and experiences because
students can relate what they are learning to problems and goals that they see every day.
Secondly because students encounter during learning are authentic and reflect the true
challenges of real world problems leading to a deeper learning. Thirdly because solutions to
really complex problems benefit from a group or team approach that opportunities for the
students to the learn communication, collaborative and presentation skills required of a
modern engineer.

Students acquire content and skills through the resolution of realistic problems.
Understandings that are developed in their realistic and complex situations are more easily
retrieved when needed (Brown et al., 1989).

The objective of incorporating work experience into an engineering degree programme is
widely accepted as a worthy direction but its application has proved to be quite difficult in
practice. Other alternatives include, Gap Year, which provides a year of work prior to
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education programme starting and can provide a challenging and exciting experience
attracting students into engineering.

Another method of integrated work experience is the sandwich degree in which periods of
work experience are alternated with periods of study. (Blackwell et al., 2001). Yet

despite the advantages of sandwich degrees, there has been a steady fall in the numbers
enrolling on such courses. But why don't more universities offer placement years —and in a
broader range of courses?

Employers' reluctance to spend time supervising students is partly to blame, says Warwick
University professor Kate Purcell (Purcell and Tzanakou, 2016) who also observes that,

"Work placements are very difficult for universities to set up and they're expensive for to run
— departments have to arrange visits by academics, and mentoring, to ensure students are
having a rewarding experience.”

Integrated semesters of work experience where universities utilise a three semester per year
system to better utilise their staff and facilities and use the extra semester for work related
projects (Blair et al., 2004).

Authentic problem based learning requires a shift in the traditional roles of students and
lecturers. Teachers become facilitators and tutors of the learning process rather than
presenters of knowledge. Students become self-directed learners and problem solvers
(Grabinger et al., 1997).

This paper therefore suggests that a new model of engineering education is needed. Whilst
the lecture plus tutorial model has some advantages, the authors experience is that students
are turning away from lectures, which they find too boring. They need more flexible ways of
learning engineering and demonstrating engineering expertise. This paper draws on
experiences integrating such approaches in a broader educational context and proposes a
radically different socio-technical and more authentic approach.

Our Experiences

The experiences of the authors of this paper are different. Each has come through an
alternative route, either involving a change of discipline, the teaching of engineers in a non-
engineering subject or the involvement in teacher training that involves educators from a
wide range of domains. Common to these experiences is exposure to different ways of
thinking and approaching education that has resulted in a belief that engineering education
can be different. In particular, all of the authors feel that the core pedagogic values of the arts
disciplines can play an important role in STEM subjects (Connor et al., 2014). These values
place the student at the heart of the learning experience and support the student in terms of
defining their own learning journey, which becomes a vehicle for introducing disciplinary
knowledge. The next section presents case study projects that demonstrate the effectiveness
of more inductive approaches to education for engineering and design. These case studies
are taken from different schools within the Faculty of Design and Creative technologies. They
are taken from varying stages of the curriculum from first year through to final year and
masters studies.

Auckland University of Technology (AUT) offers a number of accredited degree options
including 4-year Bachelor of Engineering (BE) degrees (aligned the Washington Accord) and
3-year Bachelor of Engineering Technology (BEngTech) degrees (in line with the Sydney
Accord), across a range of disciplines, including mechanical, electrical and built environment
engineering. In offering these programmes, AUT has framed itself as a contemporary
university with a distinctive approach to teaching and learning. It has a vision of providing
student-centred, innovative and responsive learning experiences.

Around six years ago we undertook a major curriculum development In line with this vision.
The spine of the new curriculum was design based with three group design projects running
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through the programme. (One of these design projects is included in the case studies). All of
these design projects were based around a loosely defined problem that gave the students
ample scope to research and consolidate their previously acquired technical skills in a
simulated authentic situation.

Developing a new curriculum is quite a challenge, it is a difficult system problem and real
complete transformation can only be achieved by having all the following elements satisfied
(Kolmos et al., 2004)

. Vision

. Consensus
. Skills

. Incentives
. Resources
. Action plan

We cannot honestly state that all of these have been met fully yet at Auckland University of
Technology, however there is certainly a vision and this has been confirmed by substantial
investment in new teaching environments including ‘maker’ spaces and collaborative spaces
similar to those students will experience outside of university.

Most of the academic staff have been open to change and have responded positively. There
are some staff that are a little resistant and continue to ‘teach’ in outdated fashion.

More could have been done to prepare academic staff for the transformation but
programmes are now in place to develop the additional skills required. All new academic staff
are required to undertake some education training within the first two years of joining.
Workspaces for new student centric teaching have been provided with more currently being
built.

In terms of human resources it is fair to say they have been stretched. Ultimately more
authentic problem based learning should, in time, free up lecturer capacity previously used in
third and fourth year lectures and tutorials. So far this has not been evident.

It has been common practice in most engineering degree programmes to have a final year
project but most of the teaching up until the final year had been subject based with students
answering artificial text book questions style questions. The authors of this paper decided to
experiment with using authentic case studies immersing students in realistic situations that
could encourage a deeper learning. The rationale behind this approach is based on work by
(Jonassen, 1999) who described a model for a learning environment based on constructivist
principles, which provides a framework for using cases to support authentic activities. The
model centres on a focal learning activity, which may be a project, problem or case the
learner must solve or resolve.

(Anderson et al., 2014) argue that a case study method of teaching develops students’
critical thinking skills. (Montpetit and Kajiura, 2012) argue that “Case based authentic
teaching and learning strategies can offer instructors effective pedagogical tools to scaffold
learning through activities designed to fulfil teaching objectives and desired student learning
outcomes”

(Anderson et al., 2014) however do have some reservations and highlight that these
methods can be “scary and challenging” for instructors and also that they can time
consuming and more work initially than traditional lectures. Our experience has been that
whilst the initial work in researching and setting up authentic cases increases, the time spent
in formal lectures has decreased and student motivation to learn has increased.

The following case studies highlight a number of ways that cover the same skills to be learnt
but in a more authentic way.
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Case One Engineers Without Borders (EWB)

The EWB project is part of the ‘Introduction to Design’ course which is a core course for both
the Bachelor of Engineering Technology and Bachelor of Engineering (Honours) degrees first
year first semester at Auckland University of Technology. The course develops effective
communication skills in an engineering design context, using a variety of media. It further
develops an understanding of the role and responsibilities of an engineer in society. The
pedagogy used for this course is different to that of traditional engineering subjects where
students passively receive information from the lecturer. Overall the approach is one of
active learning. The design element is essentially covered by students completing tutorial
problems individually or in groups with the aid of a facilitator, essentially a variation on the
studio-based learning approach. The EWB Challenge could be considered either as an
authentic project based learning, problem based learning or inquiry based learning. Certainly,
it is intended as a project based learning framework driven by a poorly defined problem
statement. However, for most of the groups this authentic problem based learning stimulated
a deeper engagement that enabled these teams to transition in to an inquiry based learning
mode as their interest and their commitment to the project developed. Certainly, the groups
were encouraged to develop their projects in this way. Given there is general confusion
about project based learning and problem based learning, this case study provides a useful
opportunity to clarify how the various approaches are related. We consider problem based
learning to be a subset of inquiry based learning, which itself is a subset of active learning
(Spronken-Smith et al., 2008). However, not all problem based or inquiry based approaches
are necessarily project based learning. Project based learning is another subset of active
learning that overlaps with problem based learning. The EWB Challenge is a fantastic
opportunity for students to learn about and understand different cultures and be involved in
an exciting time of change for the region selected for that years challenge. A previous
challenge was based on a rural hill top communities in the Gorkha District of Nepal. It
presented an opportunity to learn, not just about the challenges facing their communities, but
also about community development in general, and the role engineers and other technical
professionals can play. Engineers without Borders (EWB) is working towards the goal of a
transformed engineering sector so that every engineer has the skills, knowledge, experience
and attitude to contribute towards sustainable community development and poverty
alleviation. The EWB Challenge program aims to contribute to this broader goal by working
at the university level to create change within engineering curriculum and help to shape
future engineers by achieving the following objectives:

. Introduce first year engineering students to concepts of humanitarian engineering by
working on real world development projects.

. Empower university students to gain an increased awareness of the role of engineers
in poverty alleviation and their individual responsibility as global citizens.

. Support EWB's community based partner organisations work by providing access to
engineering student design ideas and by supporting them to share knowledge and
resources with universities internationally.

The students were asked to form groups of four and select a design area for their project.
Design areas included but are not limited to housing & construction, water supply &
sanitation systems, energy, waste management, climate change, information &
communications technology or transportation. The groups provided design solutions for
projects using the village of Sadhikhola as a case study. They could address a single issue
or provide an integrated design solution for two or more areas, or even propose an
alternative project. The EWB Challenge is an open-ended learning experience and the
breadth and depth of design is left to the groups to decide. Throughout the project students
were encouraged to be creative in their solutions and to document any assumptions in the
final report. The project based learning activity was assessed in two ways. Firstly by a group
presentation in which all members were expected to participate fully and secondly by way of

Proceedings, AAEE2017 Conference
Manly, Sydney, Australia 6

AAEE-2017_Full_Paper_Submission_018

90



a project report. A single group mark was awarded to all group members. Where a group
member had not participated fully their mark was adjusted accordingly. Around 100 projects
were completed. All were of good standard, some were exceptional. Some groups and
individuals were extremely well motivated and developed valuable research skills preparing
them well for life-long learning. Most of the students achieved learning outcomes that
included critical thinking, ability for independent inquiry and the responsibility for own learning
and intellectual growth. While no evidence proves that problem based learning enhances
academic achievement as measured by exams, there is evidence to suggest that problem
based learning “works” for achieving other important learning outcomes. Studies suggest that
problem based learning develops more positive student attitudes, fosters a deeper approach
to learning and helps students retain knowledge longer than traditional instruction. Further,
just as cooperative learning provides a natural environment to promote interpersonal skills,
project based learning provides a natural environment for developing problem-solving and
life-long learning skills (Kolmos et al., 2004).

Case Two Authentic Design Based Learning Project Conveyor Belt Design

Here students were required to self-assign into teams of four, similar to what would be typical
in a real life design office. Workspace office with computers etc. was made available to the
students, again to simulate conditions that would encounter outside of university.

“Working as a team of four students, you are to assume the function of an engineering
design company tasked with undertaking this design project. The client, the Salty-Dog Ltd, is
located directly adjacent to the fishing wharfs at Castle Point and processes the brine-stored
catch into a range of tasty products for export consumption into twelve countries. This
company have requested that your design consultancy provide the fully detailed design for a
continuous slat conveyor to transfer pallets of fish in brine from the loading bay into the fish-
finger and whole fish fillet processing departments. These pallets are loaded into the
conveyor and removed from the receiving table by hand. Your team’s task is to design the
power transmission system and supporting structures for the conveyor from prime mover to
the head shaft and conveying medium. For the purposes of this project, the assembly
drawing of the drive system may be schematic/pictorial, but the head-shaft drawing and
means of bearing support must provide sufficient detail to enable manufacture of the shaft by
a contract engineering shop. Detail of the supporting structure and guarding of the drive
system is also required and consideration should be given to the conveyors operating loads
and conditions during the design process as well as design for quality and reliability. The
design report should be professional in its presentation to the customer and should include
specifications of the drive system, supporting structure and a summary of supporting
calculations for the design referenced as appropriate”.

This project is an excellent illustration of how authentic problem based learning can replace
the traditional lecture/tutorial model. The level of technical skills alone would have included
advanced materials, advanced strength of materials and Computer Aided Design. Previously
students would have generally been happy to just study enough to pass tests and
examinations. Now they are motivated to learn and in a much deeper way.

In addition to the technical aspects of the project there are softer skills being acquired. The
project requires an understanding of environmental, Social, ethical and legal requirements.
Furthermore the requirement to work in a group promotes collaboration and communication
skills that employers often say are lacking in engineering graduates.

Authentic assignments and situations

It is not necessary that all teaching be of the larger authentic project type. Many of the staff
now frame questions or mini assignments in authentic situations replacing dry text book style
questions with real situations that contain the subject skills to be acquired by the students.
We cannot claim this to be a universal approach as yet but this is a growing trend. Two
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example case studies are used where the student is placed in the role of engineer/designer
in an authentic work situation.

Smart Materials Assignment

The subject of so called SMART materials was previously covered in two separate papers.
Advanced Production Systems and Advanced Materials by way of lectures. Both papers
were taught separately and no effective link was made between the properties of these type
of materials, how they could be manufactured in the future, sustainability issues and
commercial possibilities.

Again students typically would try to remember only enough to ‘get through’ both papers.
This assignment places the student in the role of engineer who has to investigate and report
formally to their CEO.

Put yourself in the role of a Project Engineer of a fictitious Company. This Company can be
based on an existing Company that has developed ‘Smart Materials’ into a product.

The CEO of your Company has heard something about these ‘these so called smart
materials’. He has little understanding of what they are and how they might benefit your
Company. [Choose an Industry or Company]

He has asked you to prepare a report that explains what they are and how they could be
used in future products for your Company.

Give details of the material properties.

You are asked to detail the possible applications applicable to your Company or Industry and
the benefits they could bring.

You are expected to detail materials and processes involved.
You are expected to consider ‘design for sustainability issues’

You should make recommendations on possible development of ‘Smart’ materials in your
particular Company.

This should be produced in report format and be no more than 2000 words.

Case Four Design for Disability

The Design for Disability project is a semester long project undertaken by second year
students majoring in mechatronics and is the backbone of the second year Mechatronics
Design class. The class is designed around the observation that attempting to define
mechatronics as simply the combination of different technologies is no longer sufficient to
explain mechatronics and that in reality mechatronics solves technological problems using
interdisciplinary knowledge. Rather than focusing on mechatronics from the bottom up
combination of components, the class adopts a top down approach that focuses on systems
engineering approaches and design thinking.

The Design for Disability project is open-ended, ambiguous and exhibits all of the
characteristics of a real world design problem. Student teams are simply asked to design
something that can improve quality of life for people with disability and are expected to
undertake suitable problem framing (Dorst and Cross, 2001; Sosa et al., 2017) to not only
define disability and quality of life, but to also provide an insight to potentially creative
solutions. For example, students are encouraged to think beyond approaches to assistive
living and instead consider projects that encourage societal change. Whilst not undertaken
by students, an example of such a project would be a wheelchair simulator incorporating
virtual reality technology to allow able-bodied people to experience the frustrations of being
in a wheel chair as a means to change perceptions around disability.
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The project aims to balance activation of students’ creativity with systematic systems thinking
and engineering design practice by leading students through periods of divergent and
convergent thinking. The initial problem framing, essentially a creative activity, is immediate
followed by the development of a formal requirements specification that embodies both user
requirements and system requirements as a starting point for design activities as well as to
encourage downstream activities relating to verification and validation of design solutions.

The assessment for this class has also been structured to be balanced across the three
concepts of knowing, thinking and doing. The most significant assessment is the use of a
blogging platform to record a design journal that shows the processes used to reach a
solution to the brief, the rationale for all design decisions as well as to capture individual
reflections on both the designed product and the design process.

At the time of writing, this first delivery of this class is still incomplete. However, positive
student engagement with the delivery has been noted with high attendance and a large
degree of interaction between staff and students that is verging on becoming an exercise in
co-creation. Whilst some students had initial reservations on the ambiguity of the brief, others
immediately accepted the different approach with comments on their blogs such as the
following two observations:

“The structure of this paper was not expected but appreciated. It is refreshing to be
in an environment that wants to change the norm; given that my aim is to be an
interrupter, not just an innovator.”

“This class is the most exciting class in engineering so far. Mostly because we will
be asked to embrace out creative side instead and not focus on the physics and the
equation part of it. It will also challenge our perceptions of the role of the engineer in
solving complex, open ended problems.”

In terms of successes to date, the class has successfully engaged students in an open-
ended design task, however despite this success there is still room for further improvement.
Whilst the design brief specifically encouraged teams to think beyond assistive living, there
seems to have been some reticence on the part of the student teams to push the boundaries
of the brief with all teams choosing to frame the problem in such a way that it produces an
assistive device as an outcome. This is potentially as a result of a lack of confidence or
concern over how a less orthodox framing could be received which is a potential disconnect
from the intention to develop new “modes of thinking” that shift the traditional focus from
teaching-by-transmission to a more socialised engagement with learning through creativity,
collaboration (Connor et al., 2015).

Whilst the class has produced a high degree of engagement with the student cohort, there
have been difficulties with the delivery particularly in terms of the effort required to maintain a
robust and useful dialogue with the student teams through the project work. Arguably, the
constant critique of student work through the online design journal would not scale to the
large class sizes often associated with many first year classes.

Results and Discussion

There has been curriculum change that has resulted in design projects being at the core and
running through the whole period of the degrees but much of this is not yet authentic
learning. It is an improvement on the traditional curriculum but has not really gone far
enough. This requires a change in mindset of academic staff and ideally is supported by a
top down vision and support. However as identified by Kolmos et al. (2004) these changes
are difficult and take time. It may need a different approach to academic staff recruitment
with a change in emphasis from employing PhD research biased academics to some with
real world experiences.

Proceedings, AAEE2017 Conference
Manly, Sydney, Australia 9

AAEE-2017_Full_Paper_Submission_018

93



The case studies discussed in this paper indicate that a ‘bottom up’ approach can show
immediate benefits. The authors of the paper did not wait to be told that they must change
their approach to one of authentic learning.

This change in approach has been received favourably by students are shown by student
comments in case four and also the following comments from final year student who has
been with us as our approaches to course delivery have changed.

We are sure that our students are now graduating with an improved skill set that better
equips them for their engineering careers than previously.

“During my time at University | felt that most courses assessed me in very much the same
way. This was to set questions and exercises that immediately utilised an idea. Which was
albeit a valid method to force a rule or concept into my head, however it always felt like after
the course was over this information didn’t stick very well. My experience always felt like one
task after another, to be completed, assessed and forgotten. In my experience the real life
projects where | am given more freedom and agency to pursue a solution are enjoyable and |
feel what I learned has stuck” [Final year BE Hons student]

Conclusions

It is too early to draw firm conclusions but our experiences to date suggest that providing a
more authentic education environment has the potential to engage students more positively
in their study. Creating such an environment connects theory and practice and exposes
students to real life situations and should prepare them better for 21st century challenges.

Based on our anecdotal observations, it appears that authentic learning is allowing our
students to relate target learning effectively through concrete experience and collaborations.
Similarly, it appears that this approach motivates students in learning and provides an
opportunity for students to use what they have learned in lectures, text books or from online
sources and develop a deeper understanding of them and how they can be applied in future
real life situations. Future work will consider a more systematic introduction of authentic
learning approaches to produce more objective evidence to support these assertions.

This approach of framing learning in authentic situations is contagious and out ‘bottom up’
approach is gaining traction with many of the academic staff. Many are finding that after an
initial input of time they are now experiencing a freeing up of contact hours that were
previously spent covering final year advanced courses now find that authentic projects can
be used for the student to acquire these skills much more effectively.

References

Anderson, E., Schiano, W.T., Schiano, B., 2014. Teaching with cases: A practical guide. Harvard
Business Press.

Blackwell, A., Bowes, L., Harvey, L., Hesketh, A.J., Knight, P.T., 2001. Transforming work experience
in higher education. British Educational research journal 27, 269-285.

Blair, B.F., Millea, M., Hammer, J., 2004. The impact of cooperative education on academic
performance and compensation of engineering majors. Journal of Engineering Education 93, 333-338.

Brown, J.S., Collins, A., Newman, S., 1989. Cognitive apprenticeship: Teaching the crafts of reading,
writing, and mathematics. Knowing, learning, and instruction: Essays in honor of Robert Glaser, 487.

Chang, C.-W., Lee, J.-H., Wang, C.-Y., Chen, G.-D., 2010. Improving the authentic learning
experience by integrating robots into the mixed-reality environment. Computers & Education 55, 1572-
1578.

Connor, A.M., Karmokar, S., Whittington, C., Walker, C., 2014. Full STEAM ahead a manifesto for
integrating arts pedagogics into STEM education, 2014 International Conference on Teaching,
Assessment and Learning (TALE). IEEE, pp. 319-326.

Proceedings, AAEE2017 Conference
Manly, Sydney, Australia 10

AAEE-2017_Full_Paper_Submission_018

94



Connor, A.M., Marks, S., Walker, C., 2015. Creating creative technologists: Playing with (in)
education, Creativity in the Digital Age. Springer, pp. 35-56.

De Graaf, E., Kolmos, A., 2003. Characteristics of problem-based learning. International Journal of
Engineering Education 19, 657-662.

DeHaan, R.L., 2005. The impending revolution in undergraduate science education. Journal of
Science Education and Technology 14, 253-269.

Dorst, K., Cross, N., 2001. Creativity in the design process: co-evolution of problem—solution. Design
studies 22, 425-437.

Duderstadt, J.J., 2010. Engineering for a changing world, Holistic engineering education. Springer, pp.
17-35.

Dym, C.L., Agogino, A.M., Eris, O., Frey, D.D., Leifer, L.J., 2005. Engineering design thinking,
teaching, and learning. Journal of Engineering Education 94, 103-120.

Felder, R.M., Silverman, L.K., 1988. Learning and teaching styles in engineering education.
Engineering education 78, 674-681.

Grabinger, S., Dunlap, J.C., Duffield, J.A., 1997. Rich environments for active learning in action:
problem-based learning. ALT-J 5, 5-17.

Herod, L., 2002. Adult learning from theory to practice. Retrieved March 2, 2009.
Herrington, J., 2006. Authentic learning environments in higher education. IGl Global.

Jadud, M.C., 2000. Teamstorms as a theory of instruction, Systems, Man, and Cybernetics, 2000
IEEE International Conference on. IEEE, pp. 712-717.

Jonassen, D.H., 1999. Designing constructivist learning environments. Instructional design theories
and models: A new paradigm of instructional theory 2, 215-239.

King, A., 1993. From sage on the stage to guide on the side. College teaching 41, 30-35.

Kolmos, A., Fink, F.K., Krogh, L., 2004. The Aalborg PBL model: progress, diversity and challenges.
Aalborg University Press Aalborg.

Lord, T.R., 1997. A comparison between traditional and constructivist teaching in college biology.
Innovative Higher Education 21, 197-216.

Miller, R.K., 2010. " From the Ground up" Rethinking Engineering Education in the 21st Century.

Mills, J.E., Treagust, D.F., 2003. Engineering education—Is problem-based or project-based learning
the answer. Australasian journal of engineering education 3, 2-16.

Montpetit, C., Kajiura, L., 2012. 14. Two Approaches to Case-Based Teaching in Science: Tales From
Two Professors. Collected Essays on Learning and Teaching 5, 80-85.

Prince, M.J., Felder, R.M., 2006. Inductive teaching and learning methods: Definitions, comparisons,
and research bases. Journal of engineering education 95, 123-138.

Purcell, K., Tzanakou, C., 2016. Life after higher education: the diversity of opportunities and
obstacles in a changing graduate labour market.

Savery, J.R., 2015. Overview of problem-based learning: Definitions and distinctions. Essential
readings in problem-based learning: Exploring and extending the legacy of Howard S. Barrows 9, 5-
15.

Schank, R., Berman, T., Macpherson, K., 1999. Learning by Doing. Instructional-Design Theories and
Models. CM Reigeluth. Mahwah, New Jersey, Lawrence Erlbaum Associates.

Sosa, R., Connor, A.M., Corson, B., 2017. Framing Creative Problems, Handbook of Research on
Creative Problem-Solving Skill Development in Higher Education. 1GI Global, pp. 472-493.

Vest, C., 2008. Context and challenge for twenty-first century engineering education. Journal of
Engineering education 97, 235-236.

Proceedings, AAEE2017 Conference
Manly, Sydney, Australia 1M

AAEE-2017_Full_Paper_Submission_018 95



°\°§\°n &"oc,

AAEE2017 CONFERENCE ¢ R
Manly, Sydney, Australia %! $
?9’;"9@ring?'e>

Designing and Using Self-Paced Tutorials: Lessons from the Pilot

Sasha Nikolic, Raad Raad
University of Wollongong
sasha@university.edu.au

CONTEXT

The literature has shown the importance of students developing threshold concepts and undertaking
formative assessment. There are also suggestions within the literature that many students will not
undertake beneficial activities that display no direct reward in terms of grades. A new electrical
engineering common first year subject with 450 students resulted in bottle necks for providing
effective feedback. An online self-paced tutorial resource was created that advanced students through
core threshold concepts, supplemented with non-assessed activities that guided students through the
process of solving problems and understanding class material

PURPOSE

The purpose of this pilot study was to answer the research question ‘Will students use this ungraded
resource and how would they use it?’ Findings from this study will be used to expand the resource and
better target the design, implementation and usefulness.

APPROACH

Self-paced tutorials were designed based on recommendations from the literature. They were placed
on the subjects Moodle site and promoted as a free resource, having no direct contribution to grades,
that would reinforce threshold concepts. Moodle analytics were used to measure student interaction
and progress with the tutorials. A survey was completed at the end of the session to gain additional
feedback.

RESULTS

The study found that approximately only a third of students in the subject engaged with the self-paced
tutorials. The students that did engage found the resource beneficial, but the feedback suggested that
dedicated tutorials on more complex exam styled questions were needed. Insufficient feedback was
received from students that found no benefit from the resource. At least 91% of students that failed the
subject did not fully engage with the self-paced tutorials.

CONCLUSIONS

The initial student usage from the pilot provided enough encouragement to use the feedback to
develop more modules to support student learning. The modules once developed can be reused across
numerous years and shared with other campuses. The design structure can be considered by other
academics attempting to develop similar resources. The biggest challenge moving forward is trying to
encourage the students at most risk of failing to engage with the self-paced tutorials. This may be due
to no direct reward in terms of grades.

KEYWORDS

Formative assessment; Self-paced learning; Threshold concepts

This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license, visit
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Designing and Using Self-Paced Tutorials: Lessons from
the Pilot

Sasha Nikolic, Raad Raad

University of Wollongong
sasha@university.edu.au

Introduction

It is generally well acknowledged that feedback plays an important role in helping students
advance their education. Good feedback practice is associated with: clarifying good
performance; developing reflection and self-assessment skills; informing students about their
learning; increasing motivation and self-esteem; closing the gap between current and desired
performance; and providing information to teachers to help shape their teaching (Nicol &
Macfarlane-Dick, 2006). There are many forms of feedback both direct and indirect that are
being used in the higher education sector. Formative assessment is one form of feedback
rising in popularity. The use of formative assessments has been found to allow students to
learn from their mistakes leading to an improvement in student performance (Hwang &
Chang, 2011; Lopez-Pastor, Pintor, Muros, & Webb, 2013). However, providing good
feedback, such as through formative assessments, can lead to workload challenges for the
instructor, especially when associated with large class sizes and limited resources (Lépez-
Pastor et al., 2013; Poza-Lujan, Calafate, Posadas-Yague, & Cano, 2016).

A new common first year electrical engineering subject (representing ten engineering majors)
with approximately 450 students led to the challenging task of providing enough support and
feedback to aid learning within resource constraints. The subject was comprised of weekly
two-hour lectures, one-hour tutorials and two-hour laboratory sessions. Multiple approaches
of support were considered, such as running PASS sessions (Power Ms, 2010). Funding
constraints and the desire to provide flexible, any time learning led to the development of
several self-paced tutorials that provided students confirmation of the attainment of key
threshold concepts. Targeting the resources at threshold concepts was important as it has
been found that if students do not reach understanding of the key concepts they can ‘get
stuck’ finding it extremely difficult to move forward in their learning (Meyer & Land, 2006).

The self-paced tutorials were designed as SCROM packages integrated into Moodle that
provided alternative instruction to content discussed in lectures and tutorials and provided
formative assessment opportunities to help guide students through the process of solving
electronics based questions. To allow students autonomy over their learning it was decided
that this resource would not be used toward student’s grades. However, such ungraded
approaches have been found to be mostly ignored by the students that would benefit from
them the most (Nikolic, Stirling, & Ros, Online Early Access). Therefore, the purpose of this
pilot study was to answer the research question ‘Will students use this ungraded resource
and how would they use it?’ The research question is answered by analysing student usage
analytics and through an online survey with the findings to be used to guide the future
direction and development of the resource. The findings are of value to academics interested
in developing similar resources. This paper will explore the design of the online tutorials and
initial student usage.

Design of Self-Paced Tutorials

Moodle is the University of Wollongong’s online learning management platform. Built into the
platform are many tools that allow for the dissemination of information (for, example links to
presentations, videos and websites) and assessment (such as quizzes). Quizzes provide
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functionality to provide detailed feedback with each assessment attempt. However, the goal
of the self-paced tutorials (SPT) was to integrate both instruction and assessment into the
one module, in much the same way a live tutorial would be run. Such functionality is provided
by Moodle using uploaded SCROM packages.

The SPTs were designed using Adobe Captivate V7 and exported as SCROM packages to
be integrated into Moodle. Adobe Captivate provided a user-friendly interface allowing for
both instruction as well as assessed activities within small encapsulated modules.
Assessment results and usage statistics were available through Moodle, but a key design
decision was made that the assessment results would not be formally used within the subject
promoting student freedom to learn without the pressure associated with formal grades. This
is because previous attempts to provide graded formative assessment using Moodle quizzes
led the students to find ways to overcome Moodle; such as opening the question in multiple
tabs, finding the correct answer then entering it into the quiz, with the students focussed on
gaining marks and not learning from the experience. The common structure of the SPTs was
to blend instruction with assessment, stepping the student through the process of solving
electronics based questions. A sample structure is shown in Figure 1 highlighting the
blending of instruction and assessment. The figure shows how a threshold concept is
translated into a problem. The problem is then broken into a set of quiz based steps asking
the learner to answer questions in each step of the solution. Each step is followed by
immediate feedback. In this way, a small unit of information is communicated at any one
time.

Guided Problem Solving

Theory

Threshold «Text
Concept =Images
= Multimedia

Problem to
reinforce
learning

Ouiz- last sten to solve thisoroblem

antIaweclby ‘thenryr-.mdfeeclba:k ar.mded' |

A typical example of the structure of a self-paced tutorial

Figure 1: Sample structure of a Self-Paced Tutorial

Figure 2 provides an example of how instruction is provided and then immediately followed
with an assessment to check understanding. In this instance students are guided with
several slides focussed on developing knowledge of the threshold concept of series circuits,
followed by a few activities to check their understanding. Feedback is provided to help the
student develop an understanding of where they have gone wrong.

Figure 3 provides an example of how the SPT is used to guide students through the process
of undertaking nodal analysis. Nodal analysis is typically found to be challenging by many
learners. They require to understand the concept of a node, voltage at a node, current
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Question 1 of 8

Choose the circuit that has all its elements in series
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Figure 2: Sample of reinforcing instruction

Question ANSWer

How many nodes (in terms of Nodal Analysis) are there in this This circuit has two nodes as shown in the figure
circuit?
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Note: Theoritically point N can be also considered as a node. However, in this circuit the voltage of point

- N is already known (24 V). Therefore we don’t mark point N as a node for nodat-analysis problems
Question ; Question
What is the correct KCL equation for node V17? What is the correct nodal equation for node V1?
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Figure 3: Example of stepping through a problem (selected steps shown)

through a node, Kirchhoff’s Current Law (KCL) and solving general simultaneous equations.
Learners are stepped through the process of identifying the nodes, determining the KCL
equation and then identifying the correct nodal equation. Again, the blending of instruction
and assessment is used to provide students with the confidence in overcoming the threshold
concept.

Research Method

The pilot study was undertaken in 2016 during the months of July to October (with exams in
November and supplementary exams in December) in the subject ENGG104. A total of 448
students were enrolled covering the civil, computer, electrical, environmental, materials,
mechanical, mechatronics, mining, telecommunications and flexible (undecided) engineering.
A total of ten SPTs were designed for the pilot covering DC circuit basics, series and parallel
circuits, solving equations, nodal analysis, capacitors, superposition and Thevenin’s theorem.
The SPTs were advertised to the students in the lecture and allocated a section within the
subjects Moodle site. The SPTs were advertised as a self-help resource that did not count
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towards their final grade with the onus on students to determine their suitability. The students
could retake any module as many times as required and could undertake them at any time.
Due to the research nature of the pilot, students were clearly informed that their interaction
with the resource would provide consent to the use of Moodle data analytics associated with
the SPTs. This may have prevented some students from engaging with the SPTs and may
have some impact on the findings presented in this paper. Eight of the modules were
available to the students from the start of the teaching session in July. The last two modules
became available from the start of September.

Results & Discussion

Engagement with the SPTs peaked with the first module based on introducing series and
parallel circuits. At this peak only 61% of students showed any interest in exploring the
resource. From the second module engagement dropped to a third of students with
engagement dropping steadily thereafter with the average usage across all ten modules
being 28% (noting that the last two modules were released with a two month delay possibly
contributing to lower the average). It could be assumed that of those that attempted the first
module and did not engage with any further modules either did not find the module of value
or did not enjoy the experience of using the SPT. There is also another possibility that given
time demands from this subject and other subjects, students may have put off attempts until
a later date and simply did not get to it. This possibly suggests the importance of ensuring
that the first module provides the best possible experience. Table 1 shows the distribution of
student attempts across the modules including the percentage of students successfully
completing (100% grade) and those not engaging (0% grade) with the module. The data
shows that of the students engaging with the modules, many did not try to ensure full
understanding by attaining a 100% grade; the more complex the module, the lower the
completion rate. That is, they could see that they had not fully grasped understanding of the
threshold concept and for some technical or personal reason did not try the module again to
benefit their understanding. This is further analysed by looking at the number of attempts
made with each module, seen in Table 2.

Table 2 shows that most students engaging with the SPTs either only needed one attempt or
more, but did not undertake more attempts to successfully complete the module. This could
have been for several reasons including: technical issues; did not find the module of any
benefit; skipped ahead and saw the answers through the guided feedback and believed that
a reattempt would be of no value; were overloaded with other commitments; or, simply were
not motivated.

Table 3 outlines the monthly statistics as to when the students attempted each module. All
but the last two modules were released at the start of the teaching session in late July. As
expected, the data shows a loose correlation, with most usage centred around the period the
topic is covered in the lecturers as well as the week 7 (in early September) in-class test.
Usage in November and December indicates usage prior to final and supplementary
examinations. Therefore, the data suggests that for those engaging with the SPTs exam
preparation played an important role in their usefulness for students.

At the end of the session an anonymous online survey was conducted. A total of 33 students
(7.3%) responded to the survey. All students that responded to the survey found the SPTs as
useful to their learning experience. Unfortunately, this provides a limitation in that no data
could be analysed to develop an understanding as to why other students found no use with
SPTs.
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Table 1: Engagement with the Self-Paced Tutorials

Completed Accessed with no engagement
Self-Paced Tutorial Module Attempted Successfully with assessment
Series and Parallel Circuits 61% 46% 13%
DC Circuit Basics 36% 82% 2%
Kirchhoff’s Law Basics 39% 80% 6%
Identifying Nodes for Nodal Analysis 38% 75% 1%
Writing Nodal Analysis Equations 38% 49% 12%
How to Solve Simultaneous Equations 23% 57% 15%
Superposition 29% 51% 16%
Thevenin's Theorem 31% 38% 22%
Capacitors in DC Circuits 01 (released Sept) 18% 27% 17%
Capacitors in DC Circuits 02 (released Sept) 11% 41% 8%
Table 2: Student Attempts at Completing Each Module
Completed 1 2 3 4 5+ Total
Self-Paced Tutorial Module | Successfully | Attempt | Attempts | Attempts | Attempts | Attempts | Attempts
Series and Parallel Circuits 46% 274 68 19 5 3 369
DC Circuit Basics 82% 161 18 2 0 0 181
Kirchhoff’s Law Basics 80% 174 7 1 0 0 182
Identifying Nodes for Nodal
Analysis 75% 169 18 3 0 0 190
Writing Nodal Analysis
Equations 49% 169 29 9 2 0 209
How to Solve Simultaneous
Equations 57% 101 2 0 0 0 103
Superposition 51% 131 14 0 0 0 145
Thevenin's Theorem 38% 138 11 0 0 0 149
Capacitors in DC Circuits 01 27% 82 7 1 0 0 90
Capacitors in DC Circuits 02 41% 51 4 0 0 0 55
Table 3: Student Attempts by Month

Self-Paced Tutorial Module July Aug Sep Oct Nov Dec
Series and Parallel Circuits 190 80 52 22 21 4
DC Circuit Basics 64 44 41 15 15 2
Kirchhoff’s Law Basics 34 61 50 17 18 2
Identifying Nodes for Nodal Analysis 28 54 64 17 25 2
Writing Nodal Analysis Equations 21 46 83 23 33 3
How to Solve Simultaneous Equations 12 22 41 10 16 2
Superposition 10 26 68 16 23 2
Thevenin's Theorem 10 29 63 19 25 3
Capacitors in DC Circuits 01 N/A N/A 23 43 21 3
Capacitors in DC Circuits 02 N/A N/A 15 28 12 0

Proceedings, AAEE2017 Conference

Manly, Sydney, Australia

AAEE-2017_Full_Paper_Submission_020

101



The usage data in Table 3 is supported by the survey response data in Table 4 indicating
that the SPTs were mainly used after the content was taught in the lecture and particularly
before a quiz or exam. Reasons for using the SPTs were based on helping understand the
content, quiz or exam preparation and testing knowledge without the worry of assessment
marks as seen in Table 5. This suggests that the ungraded nature of the tutorials was a
drawcard for the students that engaged with the SPTs. Additionally, 97% of the respondents
stated that the pilot should be expanded with more modules.

Table 4: Use of Self-Paced Tutorials

When did you mainly use the Self-Paced Tutorials? Response
Before the context was taught in the lectures 6%
After the context was taught in the lectures 27%
Before scheduled tutorial session 3%
After scheduled tutorial session 3%
Before a quiz or exam 45%
Other (please specify) 15%

Table 5: Reasons Students used the Self-Paced Tutorials

Why did you use the Self-Paced Tutorials? (select all that apply) Response
| was curious as to what they were 48%

| needed help understanding the content 70%

| wanted to test my knowledge of the topics without the worry of assessment

marks 70%
Exam or quiz preparation 67%
There was no PASS class assigned for this subject 30%

| thought they were compulsory 3%
Other (please specify) 9%

The survey provided students with an opportunity to express positive and negative
comments about the design of the SPTs. Most of the comments expressed that the ‘design
was good’ and the SPTs are ‘very helpful’ and ‘I like that | am tested on that very information
that is presented’. However, common across most comments was the need for ‘more
questions or explanations’ and for ‘harder questions’. Some students also commented on the
desire to be able to redo various modules, already possible and suggests better
communication of information is required. However, as outlined earlier the respondents were
those that found the SPTs useful and therefore feedback on how to improve the resource for
those that failed to engage is missing.

As Nikolic et al. (Online Early Access) found that students needing to engage with ungraded
formative assessment the most actually didn’t, it was important to analyse usage for the 56
students that failed the subject. It was found that 73% did not engage at all with the SPTs,
18% only attempted a few of the easiest modules, 5% engaged but in most cases never
achieved full marks and 4% only attempted selected modules. Therefore, at least 91% of
students that failed the subject did not take full advantage of the SPT resource providing
support to the findings of Nikolic et al. (Online Early Access).
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Conclusion

This pilot study attempted to answer the research question ‘Will students use this ungraded
Self-Paced Tutorial resource and how would they use it?’. The research data indicates that
only approximately a third of all students were willing to engage and use the resource on an
ongoing basis. Of those that failed the subject at least 91% did not fully engage with the
SPTs supporting the work of Nikolic et al. (Online Early Access) that a major problem with
ungraded formative assessment is that those that need the feedback the most don’t engage.
Moving forward incentives need to be found to encourage such engagement.

As this was a pilot, the results and feedback provided some encouragement in continuing to
develop more modules and refine the existing modules. Once built, the resources can be
reused across many years saving cost and can also easily be shared with our other
campuses. In the future, it would also be of benefit to compare the participation rate with that
of PASS. The authors hypothesize that the participation rates would be similar. It was found
that the main way the SPTs were used was for preparation of a quiz or exam, followed as a
supporting resource after the lecture.

Common in the feedback was the need for more and harder questions. As a result, the next
iteration will contain two different modules for every threshold concept. The first will be
labelled as ‘basic’ targeted at understanding the fundamentals of the concept. The second
will be labelled as ‘advanced’ targeted at working through examination level questions.
Unfortunately, no feedback was provided by students that found no benefit from the SPTs
providing it difficult to enhance the modules to better engage these students. The authors will
try and undertake a focus group to gather this understanding.
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TRIZ - trans-disciplinary innovative methodology
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SESSION S2: Educating the Edisons of the 21st Century
CONTEXT

Tremendous rise of knowledge in all spheres of human activity has led the need to find
answers on eternal question about education content (subject, “what to teach®) and form of
education (manner, form, “how to teach®). The curricula content is being by broad variety of
specialisations. The form of education is aimed at securing an extensive knowledge base for
students to acquire subject knowledge (to know ‘what"). Much less accent is put on the
development of student’s habits and soft skills to learn methods (to know "how”). The effort
to develop a systematic approach to the technical problem solving and creativity potentials
(to learn "how better” or “how else”) receives little attention. The last two issues, a systematic
approach and creativity are not cultivated enough throughout the educational process and in
companies. On the other hand, analytic and synthetic methodology is available derived from
the patent state of the art called Teoriya Resheniya Izobretatelskikh Zadach - TRIZ. It is the
Russian title and acronym for the “Theory of Inventive Problem Solving”. The methodology
can go with users, step-by-step, through systematic object analysis up to creative conceptual
solutions.

PURPOSE

The purpose is to illustrate the innovative potential of the TRIZ methodology for engineering
education and for innovative projects solved in companies. The aim is to summarise the
experience of implementation of TRIZ in Czech Republic and Slovakia obtained during the
last 20 years.

APPROACH

The TRIZ methodology is explained shortly, then benchmark and two successful practical
applications in practice are presented. And in the third part of the paper the experience of
TRIZ implementation is summarised. The benefits of TRIZ methodology are illustrated on the
basis of evaluated answers given by the students and mainly specialists from R&D
departments. The question why TRIZ as an analytic and synthetic methodology is not
implemented to a greater extent remains unanswered.

RESULTS

The potential of TRIZ to improve attractiveness of engineering studies and to increase self-
confidence sot those coming up with real innovations is unique. Nevertheless, mastering of
the relatively complex and sophisticated TRIZ is not easy. That is why experienced lectures
able to motivate students are needed as well as coaches for implementation in companies.

CONCLUSIONS

The TRIZ methodology can be studied and mastered. TRIZ can bring qualitative change in
teaching and learning and increasing the ability of users to solve technical problems
systematically and creatively. A systematic approach together with creativity is combination
of skills required in today’s engineering education and in tomorrow’s innovative practice.

KEYWORDS

TRIZ, education, engineering, innovation.
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What is TRIZ

The life cycle of a technical object is always accompanied by problem solving through all
phases. First of all, the problems have to be analysed to identify the crucial ones correctly.
Then derived inventive tasks can be formulated and tackled effectively.

TRIZ is the methodology developed since 1946 by G. A. Altshuller (1956, 1989). It is still
being developed and applied in many countries by his followers. TRIZ respects a systematic
approach to the object to be innovated and, consequently, enhance of its users.

Of course, TRIZ does not replace the designer’s thinking, but methodically and significantly
improves concentration and focus of solvers on step-by-step analysis of the object to
formulate problems relevant to the target of the innovation project. Then it offers the generic
(heuristic) recommendations for dealing with typical inventive tasks transformed from
innovative problems. Whether the user interconnects abstract recommendations with specific
conditions of the problem solved in his mind and intensifies his knowledge in this way -
depends on his/her mental ability.

The methodology of TRIZ consists of two complementary methods.

The first method is advanced VEA — Value Engineering Analysis of the object (design or
process). It is a systematic support of users which helps to find the answers to the questions
“what and why” in the object has to be improved. The result of the object analysis is a list of
formulated problems to be solved.

The second method is the heuristic Algorithm of Invention Problem Solving. It is translation of
the Algorithm Reshenia |zobretatelskikh Zadach — ARIZ of Russian origin. It is a working
procedure of the algorithmic type, a chain of the thinking "tools” for seeking idea of solutions,
the tactics of users, the algorithm which assists in seeking the answers to the questions of
"how” an innovation problem, resulting from previous VEA, could and should be solved.
Those interested in more information and TRIZ study will find many available publications
and offers on the web portals.

How TRIZ helps a solver

The user of TRIZ in team cooperation initially analyses the object and its inherent problems.
Then, within the frame of mentioned algorithm, innovative problems have to be transformed
into inventive tasks in several typical forms which are: Technical Contradiction - TC; or
Physical Contradiction - PC; or Model of Conflict of two interacting substances — MC; or
Problematic Technical Function - TF; eventually unsatisfactory “state” of some component.
After that the specified TC can be overcome by the recommended Inventive Principles - IP.
The detected PC can be resolved by means of relevant Separation Principles - SP. The
model of substance-field conflict - MC can be solved by several transformation Models of
Solutions - MS. Problematic TF can be improved or principally changed by the recommended
Effects from natural sciences - EF. Future “state” of the object can be predicted by
‘consultation” with more Trends of Engineering System Evolution - TESE. All the mentioned
abstract recommendations offered within the frame of ARIZ can be understood as being
heuristic, inspiring various inventive ideas to tackle inventive tasks identified inside the
innovative problems (Devoyno, 1996; Salamatov, 1996; Souchkov, 2010).

Some of these inventive tasks and recommended heuristics will be shortly demonstrated in
the following educational example and then in two examples of a real innovations.

A problem, derived tasks and heuristics recommended for its solutions
A clarifying benchmark will be used now to explain the four typical formulations of inventive
tasks (TC, PC, MC, ‘state” of the object) and relevant heuristics mentioned above.

As a case the following problem will be considered: “How to improve the stability of the yacht
intended for sailing under the conditions of strong side wind”? It is known already that the
problem should be reformulated into the form of several typical inventive tasks.
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Technical contradiction (TC) and Inventive Principles (IP) to overcome it

TC is specified in the problem when the usual manner to improve one characteristic or
parameter leads to the worsening of another characteristic or parameter (Figure 1). For
example: when the width of the hull is increased to improve stability (positive effect, +), the
speed of the yacht decreases (negative effect, it is - ). The one generalised inventive
principle (IP, heuristic) relevant to dealing with this specific TC is: "Segmentation’.

Physical contradiction (PC) and Separation Principles (SP) for its solution

A deeper analysis of TC (according to several steps in ARIZ or built-up Root Cause Analysis
— RCA diagram) leads to the physical contradiction PC as the cause of TC.

An extremely important feature of PC formulation is that it indicates only one component and
dictates contradicting values for one specific parameter of the component. In case of the
yacht there is one possible formulation of PC: The hull’s (component) width (parameter) has
to be increased (value of parameter) to achieve stability (+) and the hull has to be narrower
(opposite value) to retain (do not lose) speed (+). For engineers unfamiliar with TRIZ and
ARIZ the formulation of innovation task in the form of PC is hardly acceptable. But it is
important and good to know that PC is a dialectical formulation and the best possible
formulation of the cause of TC as well as the problem to be solved. That is why the
paradoxical formulation of PC shifts solver’s thinking to the “aha effect”, to the moment of
finding an idea solution. One of the relevant separation principles offered (SP, heuristic) to
solve the PC is: "Separate in space’. (Devoyno, 1996; Souchkov, 2010)

Model of Conflict of substances (MC) and Model Standards (MS) for its solution
Perceived as a model conflict of two substances — MC can be the conflict (in this case
insufficient interaction) between the hull and water because the hull in water can be easily
inclined under action of strong side wind. The so called "Su-Field” analysis - another part of
ARIZ - offers several model solutions - MS for such MC. Particularly for MC — insufficient hull
interaction with water - "Segmentation in space” is recommended again (Belski, 2007).

Recognised “state” of the object and offered inspiration from trends

An analysis of the object gives good information concerning the state of each component,
including the working "tool”. One of the several trends of engineering systems evolution -
TESE states: “Working tools of technical systems develop in a trend of rising segmentation”.
The working tool of the yacht is the hull delivering shipload principle to the yacht. A standard
hull is @ monolith. According to the “trend” mentioned, the hull should be divided.

-

characteristics. TC can be tackled usually with the help of Altshuller matrix and 40 Inventive
Principles (IP) offered for overcoming of TC.

N ———

I” Physical Contradiction: PC has to be formulated for one component (Hull), \I
: on one physical parametr (Width) and opposite quantities (Wider and Narrow) of |
« the parameter are required. PC can be solved by Separation Principles. |

~

—_—— —_—

Figure 1: Positive (stability) and negative (speed) effects in TC and PC (wider hull) as a cause

Now, after this extremely short demonstration of only four solving instruments (IP, SP, MS
and TESE) a provocative question is relevant. How far or near is the problem solver from the
“aha effect’, from the moment of finding an idea solution? Well, the solver obtained four
heuristics, abstract but more or less relevant recommendations how to arrive at "win — win’
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solution. The solver should think about "segmentation” evoked several times. How to
transform these heuristics into an idea and conceptual solution? How to improve parameter
stability AND retain the speed of the yacht in this case? Psychologically inert men remain ‘far
away” and intact, while an ingenious engineer should be inspired enough. It depends on the
solver’s abstract thinking ability. It is known that an engineer should be able to combine
abstract and specific thinking. “If you think you are an engineer — think” (TRIZ folklore).

Product and process Innovations with TRIZ — case studies

Two case studies will be presented as cases of successful application of TRIZ. But it is not
easy and effective to describe application of the analytical and synthetic part of the TRIZ
methodology and innovations achieved, because the paper format is limited. Only short
description of problems, solving ‘instruments” used, figures (Figure 2, 3 and 4) and
summarisation of results in tables (Tables 1 and 2) comparing the states before and after
innovations follows in this section.

The first case presents an innovation of an active hinge of car bonnet, which was innovated
to improve security of pedestrians in collision with cars namely at pedestrian crossing in
towns where the most severe accidents are occurred (Figure 2). Fast and controlled lifting of
the bonnet by motion of an active hinge, can extend deformation zone, absorb impact energy
and mitigate the consequences of collision between pedestrian’s head and rear end of front

car bonnet.
——
Moderate Serious H
injuries (%) injuries (%) LOC.at|0n
Head 35 of hinge
Thorax 8 -

Upper extremity 9
Spine 4

Abdomen

Lower extremity
(including pelvis)

1 Testing

Statistics

Figure 2: Statistics indicate the percentage and severity of head injuries (Euro-NCAP, 2012)

Which parts of TRIZ methodology have been used? At first it was analysis of the existing
complicated and slow active hinge of the bonnet. Then some parts of ARIZ were applied. It
means formulation of TC and partial inspiration from IPs, formulation of PC and inspiration
from SPs, trimming components and merging of two alternative systems (Figure 3), key
technical function and inspiration from “ball lock” effect for design of a new actuator were
considered.

Figure 3: Old complicated and slow active hinge of front car bonnet (a),
old passive hinge (b) and new simple and quick active hinge with new actuator (c)

The new active hinge of the bonnet design with a new actuator meets technical and legal
requirements and has several important benefits (Table 1).
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Table 1: Comparison of the old and the new active hinges of car bonnet

Comparison criteria Old active hinge | New active hinge
Number of parts of the old and new active hinges 100% 48%
Uniformity of parts (passive hinge / active hinges) 20% 75%
Production cost 100% 60%
Time necessary for relaxation 4-6 ms Lower than 1 ms
Pyrotechnic element: cost of replacement 100% 55%

The second case presents an innovation process, in particular improving effectiveness of
ceramic cores production in pressing process.

Casting systems often include ceramic cores produced by pressing. The specific pressure on
the pressed mass during pressing process is relatively high, and therefore negative effect
occurs - "sticking" of the pressed mass to the surface of the mandrel. To reduce this negative
effect, the ceramic core cannot be pressed on one stroke of the mandrel but has to be
shaped in 4 cycles including 13 sequential operations (Figure 4). Value of the original
pressing process is low.

Cleaning Lubrication Pressing Back
:: movement

@ O,

Pressing process before innovation: Four cycles,13 operations in total.

= Cleaning rication Vlbratlon+ Back
Pressing movement

Innovated pressing process: One cycle, only 2 operations

Figure 4: Comparison of original and innovated pressing of ceramic cores for casting

To increase the productivity of the pressing process of quality ceramic cores, some parts of
TRIZ methodology have been used. At first, Root Cause Analysis — RCA diagram has been
performed (Souchkov, 2010) to identify and visualise contradictions resulting in the negative
effect of ,sticking“. Then a good new solution of contradictions has been found with the help
of inventive principles and separations.

Table 2: Comparison of original and innovated pressing of ceramic cores for casting

Pressing process Number of mandrel | Number of | Production | Productivity
movements operations | time [s] [cores/7hours]
Original, 4 cycles pressing 8 13 25 810
Innovated, 1 cycle pressing 2 2 12 1550
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Experience from implementation

TRIZ methodology has been popularised in the Czech Republic in technical journals
sporadically since 1980. Since 1993 several original publications from Russian or English
have been translated into Czech (Altshuller, Devoyno, Belski, Salamatov, lvanov, Souchkov,
Guin, etc.). Since 1996 TRIZ has been taught on a regular basis at Brno and some parts of
TRIZ have been implemented in Prague, Liberec, Pilsen, Ostrava, Zilina and Kosice
universities.

TRIZ has been an optional course for Master students of two departments of the Faculty of
Electrical Engineering and Communication (FEEC) at Brno University of Technology (BUT)
since 1996. As a rule, there have been 15 to 30 students or up to 55 in some years. Last
year the course of TRIZ was launched as an optional course also for eleven PhD students
from FEEC. Starting from this academic year the course is optional for Master students of all
departments of FEEC. Moreover, within the frame of project Modern and Opened Study of
Technics - MOST the course TRIZ is offered as a "trans-disciplinary” optional and faculty
independent course for all students of all faculties of BUT Brno from this academic year.

Over the long period of TRIZ implementation in education and practice in the Czech Republic
the methodology has received favourable responses which is the result of the popularization
activity of several teachers and consultants organized in "TRIZing” Czech Association,
member of MATRIZ International Association.

Content of TRIZ optional course at BUT Brno

A short content of TRIZ course for Master and PhD students at FEEC and BUT Brno:
1. PM: Basic terms of Project Management (Aim and purpose of innovative project, SWOT,
outputs, activity, resources, people, technology, time, space, money, Log Frame description).

2. TRIZ as an innovative methodology:

- VEA: Analysis of the object (system modelling, components, structure, functions,
parameters, costs, evaluation of components), RCA diagram, trimming, additional functions,
list of problems to be solved. Analyses of many case studies are presented.

- ARIZ: Transformation of problems into inventive tasks and search of idea solutions
(technical contradiction and inventive principles, physical contradiction and separation
principles, model of substances in conflict and models of standard solutions, problematic
technical function and effects known from natural sciences, state of the object and possible
inspiration from evolution of engineering systems). Synthesis of many cases are presented.

3. Application of TRIZ within the frame of a ‘'micro-project’. Students elaborate approximately
20 pages describing the analysis and synthesis of the selected object to demonstrate ability
to apply the VEA analytical steps and synthetic solving instruments from ARIZ to find realistic
idea how the object could be improved. To be efficient, TRIZ education requires individual
work.

Students on the course (26 hours of lectures, 26 hours of training, case studies, work with
software support) are evaluated through 3 tests (PM, VEA, ARIZ), a micro-project (20 points)
and written and oral examination at the end of semester (60 points).

TRIZ for companies

The second part of the course is offered as a three-day educational course to the companies.
TRIZ is attractive namely for companies with an active R&D department. The most effective
way of introducing TRIZ to the companies is the direct communication with the head of the
department. This person, usually of technical qualification, has to innovate products and that
is why he/she is able to recognize possible TRIZ impact on innovation processes. It is mostly
ineffective to offer TRIZ through HR department.

Authors come to companies to give three-hour motivation lectures. As a rule, a short-term
2+1 day educational course follows. It is our good practice proven over the past ten years.
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Anyway, the educational course can be followed with repeated practical TRIZ applications
only in the companies where an adjusted combination of several internal factors is present.
Especially staff and management qualifications and motivation are key factors for
acceptance and implementation. Then TRIZ as a non-trivial methodology can ‘resonate” with
other advanced factors creating the ‘innovative culture” inside a company.

Important for education at universities and the future of the TRIZ methodology is the fact that
the vast majority of TRIZ touched engineers recommend studying and mastering the
methodology during university studies (Figure 5, question and answers 5).

O Excellent
O Verygood
m Good

Figure 5: Answers of 2500 participants after motivation lectures or 2+1 day courses
of 2 - 20 hours. Results from companies / universities (90/10) as of September 10, 2017

Questions asked:

1. How do you understand the content and form of the TRIZ methodology?

2. How do you evaluate applicability of TRIZ and software support in your company / school?

3. Would you be interested in occasional consultation of your innovative tasks?

4. Would you be interested in studying and mastering TRIZ methodology?

5. Would you recommend TRIZ to your son / daughter, or school and university students for studying
and mastering?

Experience from answers: The more time spent with TRIZ, the more positive the references
were. But no matter how many positive references there are from more than 2500 listeners,
mostly from companies, the methodology has not become a common issue either at
universities or in corporate development departments yet (BuSov; 2002 - 2016).

Mastering the non-trivial TRIZ methodology (if compared with some others ‘methods”)
requires serious study, educational examples and time for real applications. That is nothing
new; reality always puts obstacles in the way to obtaining all values. Only valueless thing can
be obtained easily and immediately. The same applies to good education and good schools.
Knowing that there is no cheap and so called ‘caesarean” way into TRIZ, authors will
stimulate further effort, with others educators and engineers, how to implement TRIZ into
education and innovative practice more effectively.
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Conclusion

There’s no doubt that engineering graduates provided with the methodology of systematic
and creative thinking would adapt more easily and rapidly to the variable demands of the
dynamic reality in practice. The paper presented TRIZ as a challenge, as relatively universal
because trans-disciplinary methodology, as well as elaborated and instrumental, analytic -
synthetic methodology, which guides the solvers through a comprehensive analysis of the
problem object to the formulation of various innovative problems and then to the formulation
of typical inventive tasks to be solved. Then TRIZ offers appropriate recommendations
(heuristics) on seeking ideas and solving concepts for implementation.

TRIZ is the empirically derived, systematic, relatively complex methodology understandable
for students as well as for teachers who wish to make the educational process more
attractive for all participants. The same applies to engineers - solvers of technical innovative
problems in practice - who wish to deal with innovative projects more effectively.

The methodology can be studied and mastered. It supports both the system approach and
creativity needed for inventive solving process. It is a challenge for teaching and learning, for
developing the ability of users to solve not only but namely technical problems systematically
and creatively. These ‘ingredients” are needed for most human activities, particularly for
engineering education and innovative practice in companies. A systematic approach together
with creativity is necessary in today’s engineering education as well as in today’s and
tomorrow’s innovative practice. TRIZ is a challenge for ambitious teachers.
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CONTEXT

In engineering and other tertiary education programs, it is generally held that formative
assessment can be a strong driver of active participation and learning. Two years ago we
added a new assessment component in our algorithms subject, namely mandatory weekly
quizzes. The aim was to encourage students to stay abreast with lectures and tutorials, and to
identify common misconceptions in a subject that deals with numerous difficult algorithmic
concepts. It was hoped that the quizzes would expose and challenge student misconceptions,
and more generally support the mastery of important algorithmic tools and techniques. The
quizzes are hosted within our institution’s Learning Management System (LMS) which also
provides learning analytics tools, including metrics for student engagement and performance.

PURPOSE

After rolling out the student quizzes we turned to evaluation. Apart from measuring the extent
of student engagement, we were interested in the (initially vaguely defined) “learning value” of
individual quiz questions. Through the LMS metrics, we wished to evaluate the quizzes’
influence on student engagement with subject materials, and to discover which questions best
expose common misconceptions harboured by students.

APPROACH

We have adopted an action research approach. LMS statistics were gathered and analysed in
three successive semesters. For each weekly quiz, the data collected included students’
participation statistics, records of multiple attempts made by every student, and LMS measures
of question discrimination and difficulty. These data were analysed across the three iterations.

RESULTS

There were marked differences between the LMS statistics of the pilot and two following
semesters. Unsurprisingly, student participation grew when quizzes were made mandatory.
More significantly, the LMS inbuilt measures of question difficulty and discrimination were
found to be extremely susceptible to the number of allowed quiz attempts allowed. We have
found them relatively unreliable and unhelpful in identifying useful questions that challenge
student misconceptions and we have had to find alternative metrics.

CONCLUSIONS

Feedback from our students strongly suggests that mandatory weekly quizzes do promote
student engagement with learning materials. However, in our attempts to gauge question
quality, we find that the LMS metrics for question analysis do not support a “learning value”
assessment. They are so strongly influenced by the number of possible quiz attempts that they
are of little practical use. This study therefore illustrates that using the LMS metrics may not
be sufficient or straightforward to assess the effectiveness of quizzes on student learning
outcomes. Further analytics and investigations will need to be conducted for a deeper
understanding for best exposing common misconceptions harboured by students.

KEYWORDS

Quiz questions, LMS metrics, formative assessment

This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license, visit http:
/lcreativecommons.org/licenses/by/4.0/

1
AAEE-2017_Full_Paper_Submission_022 112




Introduction

Active learning is increasingly promoted within higher education institutions to support students
in linking knowledge to meaning and the development of higher order thinking skills. Active
learning involves: students engaged in more than listening; less emphasis being placed on
transmitting information and more on developing students' skills; higher order thinking and
engagement (Bonwell and Eison, 1991). However, encouraging active learning can be a
challenge for both educators and students, particularly in large, lecture-based classes (Klein,
2003, Buckley et al. 2004). Much has been written about the use of assessment, particularly
formative assessment, to drive active learning in higher education programs (Boud, 2010;
Gibbs, 2010; Boud and Falchikov, 2007; Falchikov, 2005; Huba and Freed, 2000).

Formative assessment comes in many different shapes, encompassing a variety of practices,
including self-assessments and peer-assessments; Black and Williams (1998) review no less
than 250 articles on the topic. Often characterized by its informal techniques and mechanisms
to encourage student participation, it is not a pre-condition that formative assessment be tied
to summative assessments, although this is often the case (Dunn and Mulvenon, 2009). Gibbs
and Simpson (2004) suggest that formative assessments in the form of frequent assignments
or tests to distribute student effort across the duration of the semester, often on a weekly basis,
promote students’ participation and enhance learning. More specifically, several studies have
shown that there is a high level of student engagement with regular quizzes; many report upon
their positive role in encouraging, for example, the completion of prescribed reading in various
programs (Scheyvens et al., 2008; Bonwell and Eison, 1991; Hanson and Moser 2003).

In the computing disciplines, many students struggle with complex algorithmic concepts. To
promote students’ engagement with teaching materials and engender understanding of
important computational methods and theories, we designed a set of weekly quizzes. Each
quiz comprised a variety of questions; some were crafted as revision materials, others were
set to probe students’ learning and challenge their perceptions and interpretations. Students
could attempt each quiz multiple times and receive information about which questions they
had answered correctly, including some hints for questions they had answered incorrectly.
Their reflections on this formative feedback were expected to influence their follow up attempts.

Here we report on our efforts to evaluate the introduction of these quizzes and our attempts to
gauge the usefulness of individual quiz questions in challenging common misconceptions and
in helping students learn content and concepts.

Context and purpose

The introduction of quizzes, as a formative assessment component, took place within a
graduate subject on Algorithms and Complexity. The aim of the subject is to develop student
familiarity and competence in assessing and designing software for computational efficiency.
Historically, many students struggle with the concepts and topics of this subject. Introduction
of quizzes was a mechanism to offer more opportunity for students to be engaged with the
subject content and, importantly, to challenge developing mental models of computational
processes. Eleven quizzes were devised and set up; one for each week starting in the second
week of a 12-week semester. On-line quizzes have been found to be an effective mechanism
for incentivizing student completion of work and are relatively time efficient from the
perspective of the educator (Wolt and Mason, 2003). As most virtual learning environments
provide quiz frameworks for local customization, we hosted these weekly quizzes using the
Learning Management System (LMS) of our institution. The LMS offers analytics tools to track
student engagement with the quizzes along with some automated tools for question analyses.

Our plan was to use these LMS data to gauge the effectiveness of the quizzes in engaging
students with teaching materials and, for individual questions, to assess “learning value”,
including a question’s ability to pinpoint misconceptions. To this end, an action research
approach was to be adopted. In the first instance, the quizzes would be piloted; then
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adjustments to delivery would be made over the course of two subsequent iterations, whilst
maintaining the same pool of questions over this investigation.

We note that the quizzes complement lectures, tutorials, and other continuous-assessment
components in the subject. In particular, two written assignments challenge students to find
good algorithmic solutions to relatively difficult problems. The main aim of the quiz component
has been to encourage students to stay abreast during semester, and while individual
questions are designed to identify misunderstandings, they are not intended to be difficult.

Approach

LMS data were collected and investigated for every quiz across the three semester iterations
of their use. Two separate sets of LMS data were of interest. Firstly, LMS reports of students’
participation activities were used as a measure engagement with the quizzes. Secondly,
through the LMS metrics of discrimination and difficulty, we hoped to identify the most useful
quiz questions for best exposing common misconceptions harboured by students.

Results and evaluation

Conveniently, the LMS allows teaching staff access to student participation statistics for the
entire cohort. When a student logs in to access a weekly quiz in Algorithms and Complexity,
an attempt is recorded, regardless of whether the attempt is complete or not. For each attempt,
the LMS records whether each question is answered correctly or otherwise, and assigns a
nominal score as decided by the teaching staff.

As a pilot, the weekly quizzes were trialled in semester 2, 2015 and students were permitted
to make up to three separate attempts per quiz. Participation was voluntary, in that there was
‘no’ mark attached to quiz participation or to the number of answers correct in each quiz.
Throughout the semester, teaching staff actively promoted the benefits of ongoing quiz
involvement to their students. Of 151 students who completed the subject in the pilot semester,
121 students made a quiz attempt in week 2. Participation statistics are given in Table 1,
where a decline is observed over the pilot semester culminating in 66 students attempting the
final week 12 quiz, even though this quiz was timed nearest to the examination sitting.

The role of the pilot semester was to fine-tune the delivery of the quizzes before they would
become mandatory. The quiz questions were unchanged throughout, but we needed to decide
on the best parameters for delivery, including scrambling of questions, windows-of-access,
and number of attempts allowed. As pointed out by Gibbs and Simpson (2004), the relationship
between marks and effort is not straightforward for students, and as little as 5% of student time
may be allocated un-assessed tasks. If too few marks (in this case, 0 marks) are allocated to
preparatory work, many students may make the strategic decision to forego those marks and
instead focus their time on other pieces of assessment. Thus, care is needed in the design of
incentive mechanisms to ensure students balance extrinsic rewards or sanctions with intrinsic
motivations to maximize their outcomes.

In the following two iterations, the quizzes were simply a hurdle requirement for the subject.
More precisely, a student must successfully complete at least 8 of the 11 online quizzes to be
eligible to sit the final examination. No mark was attached to quiz participation or to the number
of answers correct in each quiz for these following two semester iterations.

Since the quizzes are intended as learning support rather than gate-keeping, we decided that
“successful completion” would mean “getting each of the (3-5) quiz questions right in a single
attempt”, but also that an unbounded number of quiz attempts would be allowed, as long as
the student met the weekly deadline. The questions are mixtures of multiple-choice, multiple-
answer, matching, and numeric answer questions, so in general a large number of attempts
are needed if a student decides to search exhaustively for the right combination of answers.
In one instance, as student had 49 attempts at one quiz!
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Table 1 shows how participation rates improved in these semesters, compared to the pilot; for
the commencement quiz in week 2,186 students participated in semester 1, 2016 and 175
students in semester 2. Notably, over both semesters, there are only slight declines with week
11 quiz participation recorded as 155 and 126 (semester 1 and 2). This improvement in
participation is attributed primarily to the introduction of the hurdle requirement for quizzes,
where eligibility to attempt the final assessment was tied to completed quiz attempts.

Table 1: Summary of student participation statistics with weekly quizzes over three iterations

Week SemesFt’::;, 2015 Semester 1, 2016 Semester 2, 2016
2 121 186 175
3 109 188 175
4 103 187 170
5 90 179 169
6 72 171 168
7 77 166 164
8 69 163 158
9 63 182 157
10 72 176 148
11 69 155 126
12 66 not delivered 127
LMS Analytics

For each quiz, the LMS’s “ltem Analysis” tool reports overall attempt statistics for that quiz and
its component questions, by relating each cohort’s performance on each question compared
to their overall performances on the quiz hosting that question. The tool uses two metrics to
assess each question: discrimination and difficulty. The following descriptions of each are
verbatim from the LMS User Guide: Discrimination indicates how well a question differentiates
between students who know the subject matter and those who do not. A question is a good
discriminator when students who answer the question correctly also do well on the test.
Discrimination scores range between -1 and +1. Any question that gets a discrimination score
above +0.3 is considered Good. Good and Fair questions may be used to help determine
student knowledge levels. Discrimination cannot be calculated for questions where everyone
receives the same score (everyone gets a question right or wrong). Difficulty shows the
percentage of students who answered the question correctly. If >80% of students get a
question right it is listed as easy; if <30% of students get a question right it is listed as ‘hard’.

The discrimination measure categorizes questions as being ‘good’, ‘fair’ or ‘poor’ and the
difficulty measure classifies questions as being ‘easy’, ‘medium’ or ‘hard’. ‘Difficulty’ as defined
by the LMS does not relate to any learning taxonomies, such as Bloom’s, SOLO or Neo-Piaget
that have been used to categorize questions as to the degree of learning difficulty as described
in the computing education literature (Gluga, Kay and Lister et al., 2013; Jimoyiannis, 2011).

Our main interest was in finding quiz questions that best exposed student misconceptions. We
expected that the difficulty statistic reported by the LMS would hint at questions that students
found most problematic and could lead to misconceptions.

Pilot

During the pilot in semester 2, 2015, Item Analysis Reports were run for each quiz. Figure 1
shows an example, the Week 10 Quiz Report. The Test Summary shows that: (1) 72 student
attempts across four questions; (2) All four questions are ‘good’ for their discrimination scores,
each being above +0.3; (3) Two easy difficulty questions where >80% of the students scored
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it correct; and (4) Two ‘medium’ difficulty questions where >= 30% and <=80% of the cohort
scored the questions correct.

The second section of a Weekly Item Analysis Report lists all questions, each with their
description, question type, number of graded attempts, together with discrimination, difficulty,
average score, standard deviation and standard error statistics. In addition, the reports visually
indicate possible issues with individual questions using a set of symbols beside the question
description. The legend for these question classification symbols is shown in Figure 2. In
Figure 1, the yellow triangle symbol indicating that the question may have changed since quiz
deployment is found beside all questions, and the ‘Linear probing’ and ‘Coin-row instance’
qguestions are indicated with a red dot signifying LMS recommendations for these questions to
be reviewed, most likely for their high difficulty score, that is, ‘easy’ classification.

Week 10 Quiz R
Analysis Last Run 6 May 2016 5:25 PM. Run Item Analysis again to display the latest question data
Test Summary Discrimination Difficulty
" 4 Good Questions (7§ 2 Easy Questions i
40.0 4 9 72 31.95 02 hr 39 min
O Fair Questions i 2 Medium Questions (§
Possible Possible | In Progress  Completed Average Average 0 Poor Questions  (§ 0 Hard Questions i
Points | Questions Attempts | Attempts Score Time
. = - . N " 0 cannot Calculate (§
i i i i i i
Filter Questions
Select Question Type: Select Discriminati Select Difficulty:
[All Question Types V| [All Discrimination v [All Difficuity v] Go  Reset Filter
Question Discrimination : Graded Average Std Std
Question Type Biflictaty Attempts Score Dev Error
e Linear probing, expected probes: A hash table with Muitiple 0.53 88.89% 72 8.89 317 0.38
5003 entries is used with linear probing (that is, in an Choice
op..
«~ ® Coin-row instance: Run the dynamic-programming Calculated 0.62 86.12% 72 8.62 3.49 0.42
algorithm for the coin-row problem on this instan... Numeric
Brute-force vs Horspool: Given the string Muitiple 0.63 72.23% 72 7.23 4.52 0.54
001001001001 we wish to use some string search Choice
algorithm to ...
Dutch flag: Edsger Dijkstra studied the following Multiple 0.73 72.23% 72 7.23 452 0.54
problem which he called theProblem of t.. Choice
Displaying 1 to 4 of 4 items Show All Edit Paging...

Figure 1: Summary statistics of week 10 Quiz in COMP90038 Algorithms and Complexity,
semester 2, 2015 as reported in the pilot ltem Analysis Reports

Legend

® Review recommended Questions might have changed after deployment # Not all st issions have been g (QS) Question Set
(RB) Random Block

Figure 2: Legend used to classify questions in the Weekly Item Analysis Reports

For an overview of the quizzes and their questions, a collation of the Weekly ltem Analysis
Reports for the pilot semester is presented in Table 2. The Table lists the number of questions
in each quiz, the discrimination classifications and difficulty classification of the quiz questions.
In summary, it shows that: (1) All quiz questions have been classified as ‘good’ as their
discrimination scores are above +0.3, indicating that students who answered the questions
correctly also did well in their respective quiz; (2) All questions have been classified as ‘easy’
or ‘medium’ difficulty, where ‘easy’ questions saw over 80% of the students answered the
questions correctly whereas for ‘medium’ difficulty questions, between 30% and 80% cohort
answered correctly; and (3) Except for week 8, each LMS Item Analysis report tagged one or
more questions as recommended for review; the tool advising that these questions should be
more closely examined to assess their suitability in future iterations of the quizzes. Closer
examination of how the LMS Analysis tool classifies difficulty shows that the questions
‘Recommended for Review’ are those classified as ‘easy’ in difficulty. These questions are
shaded in Table 2.
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Table 2: Summary statistics of the weekly Item analysis report for the pilot during semester 2,
2015. Shaded questions are those identified by the LMS as recommended for review.

Quiz

Questions

No.

Discrimination

Difficulty

Easy

Medium

Hard

All quiz questions with those ‘Recommended for
Review’ shaded

5 Good

Sorting time

Ranking functions by growth order
Big-Oh expressions

Sums and Theta

Big-Theta expressions

5 Good

Assignment problem

Page number digits

Tower of Hanoi

Big theta for mixed iteration/recursion
Brute force string search

4 Good

Find the non-dag
BFS_equals_DFS
Complexity (Theta) again
Topological sequence

5 Good

Shellsort

Binary search
Insertion sort
Selection sort
Interpolation search

4 Good

Hoare partitioning
Inorder traversal
Master theorem
Non-Master theorem

4 Good

Bottom-up heap construction
Valid heaps

Nodes in complete tree
Pre/inorder sequences

4 Good

Counting BSTs
AVL trees
BST-insertions
AVL tree traversals

4 Good

2-3 trees

Max-heap plus AVL
AVL shape

2-3 shape

10

4 Good

Linear probing
Coin-row instance
Brute-force vs Horspool
Dutch flag

1"

4 Good

Knapsack

Cost of minimum spanning tree
Edges in minimum spanning tree
Number of different spanning trees

12

3 Good

Huffman AGCT
Dijkstra
Huffman codes

Following two iterations

For confirmation of quiz questions in need of attention, weekly Item Analysis reports were run
for the same quizzes in the next two semesters. It was expected the question discrimination
and difficulty scores for these reports would be like those of the corresponding weekly reports
in the pilot semester. This was indeed the case for discrimination scores, in that students who
answered the questions correctly did well in the quiz overall. There was a major difference in
quiz question difficulty scores between the pilot and the following two semesters. In the pilot,
some question difficulties were decided as ‘easy’ and others as ‘medium’, whereas in the
following two semesters all questions have been classified as ‘easy’ difficulty, meaning over
80% of the cohort answered all questions correctly. Further, every quiz question was tagged
by the software as ‘recommended for review’ due to its ‘easy’ classifications.
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Why should the same question be classified with different ‘difficulties’ over various iterations?
It was hypothesized that the disparity between iterations was an artefact of making quiz
participation a hurdle requirement in the subject during the second and third iterations in 2016.
Associated with the hurdle requirement came the opportunity for students to make an unlimited
number of quiz attempts and, it seemed that students generally attempted the quiz as many
times as they liked until they succeeded in getting all questions in a quiz correct.

This hypothesis was investigated by downloading all attempt statistics for all quizzes, for each
iteration of the project. For each quiz question, students’ attempt statistics were sorted and
graphed. To make a ‘like for like’ comparison of question difficulties between the pilot and later
iterations, the attempt statistics for those who answered correctly on their first, second or third
attempts were taken. For illustration and discussion, the week 10 quiz questions Brute-force
versus Horspool question of semester 1, 2016 is shown in Figure 3. This question is
representative of questions that were rated in the pilot by the LMS software as having ‘medium’
difficulty score of 72.23% (Figure 1), but ‘easy’ in the following two iterations, 92.05% and
98.65% respectfully. In this example (Figure 3), 14 students were unable to answer the
question correctly regardless of the number of attempts, while the remainder of the cohort took
up to seven attempts to answer it correctly. 134 students of the cohort of 178 answered
correctly on their first (50), second (60) or third (24) attempt, which yields an alternative
percentage of 75.3 % that the LMS would associate with ‘medium’ difficulty.

Quiz 10, Brute force vs Horspool's question
Semester 1, 2016

p 100

c 80 60

§6o >0

B 40 14 24 20

S 20 5 2 3
N m s _ -
0

€ 0 1 2 3 4 5 6 7
=}

=

Attempt number at which answer is correct

Figure 3: Number of attempt students to answer Brute force vs Horspool’s in week 10 quiz

Further investigations into the discrepancy between difficulty classifications of ‘medium’ in the
pilot semester and ‘easy’ in subsequent semesters revealed that the LMS difficulty
classification is extremely susceptible to change of parameters in quiz delivery. The more
attempts students can make, the more likely is the LMS to classify questions as ‘easy’.

We had hoped that ‘difficulty’ classifications reported by the LMS would direct our search for
the quiz questions that students found useful for challenging their misconceptions within the
subject. Although it is disappointing not to be able to take LMS statistics at face value, our
investigations of the raw attempt statistics for every question has pointed the way forward.
Rather than dwell on the number attempts made for each quiz question, we are now looking
more thoroughly at the incorrect alternatives chosen by the students in their attempts so that
we may more correctly identify useful questions and common misconceptions.

Conclusion

Our experience with the use of learning analytics data from our institution’s LMS to evaluate
online quizzes has been mixed. The challenge we have found is not in the acquisition of data,
but in making sense of the automated reports and discerning helpful information in identifying
quiz questions useful in improving students’ learning outcomes.
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Mandatory quizzes in our algorithms subject have increased student engagement at motivated
students to stay abreast with the subject material. However, we have been frustrated in our
efforts using the inbuilt LMS question analysis tools of discrimination and difficulties to identify
those quiz questions most helpful to students. In the end, the tool gave the same difficulty and
discrimination classification to all questions. Analysis shows that the “difficulty” assessments
are an artefact that is strongly influenced by the number of attempts that the software allows.

The issue may be broader than a particular learning analytics tool’s rigidity. We would like
metrics that are better aligned with the aims of formative assessment. While a focus on
questions’ “discrimination” values makes perfect sense in the context of summative
assessment, its value in formative assessment is less clear. For our purpose, that is, for finding
the “learning value” of a question, it makes better sense to study, as we ended up doing,
students’ response patterns. We do not have a metric to propose. However, loosely, a
response pattern that, at least to us, suggests that a student has benefitted from a question is
where many students fail to answer the question correctly in a first attempt, but then, perhaps
based on some hint, get in right in a second attempt. When we ask students which questions
they found useful, the questions they identify almost always follow that pattern.
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What can we do to better support students in Thesis?
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SESSION C3: Integration of teaching and research in the engineering training process

CONTEXT Thesis units are often considered the culmination of an undergraduate
engineering degree and play an important role in addressing extra-institutional requirements,
including aspects as broad as developing/assessing communication skills (EA Stage 1
Competency) and increasing student exposure to research (AQF requirements). However,
even within a single institution, different schools can have markedly different approaches to
these common requirements and there can be substantial variation in supervision practices
even within a single school. Variations in the student experience of Thesis units have the
potential to undermine the achievement of the aims of these units. To better understand the
current learning & teaching practices and create consistency across different Thesis units at
The University of Sydney, the Faculty of Engineering & IT has been conducting a review of
Thesis units in its schools. This paper outlines the aim of the review, the review process and
the recommendations of the review, particularly with regard to approaches that are most
likely to ensure the achievement of the intended learning outcomes.

PURPOSE The aim of this study is to better understand the views and requirements of
Thesis coordinators, supervisors and undergraduate students, and identify ways to address
issues with consistency in areas such as student experience, supervision, and assessment
of undergraduate theses, whilst also coping with academic workload requirements.

APPROACH A review of the current Thesis programs in the Faculty of Engineering & IT at
The University of Sydney has been undertaken. Strengths and weaknesses of the current
structures and practices have been identified from the perspective of Thesis coordinators
and supervisors; from this, techniques and tasks that could be used to better scaffold the
research experience for undergraduate have been identified. Surveys of recent past
undergraduate students are being used to identify where students themselves believe that
changes are necessary.

RESULTS A list of tasks that supervisors and students have found effective in supporting
the undergraduate Thesis learning process will be outlined. Furthermore, both supervisor
and student perspectives will be integrated into recommendations, which will include a
general structure that Thesis coordinators will be able to tailor for implementation within their
own schools and will identify areas where Faculty-wide initiatives have potential to further
enhance student learning outcomes.

CONCLUSIONS This review’s recommendations will aim to provide structure and guidance
to students so that they are better equipped to gain a greater appreciation for research.
Nevertheless, it is widely acknowledged that the workload of both students and supervisors
is already high, so measures that will achieve this without substantial increases in workloads
will be identified and prioritised in the recommendations.

KEYWORDS undergraduate Thesis; research training; surveys
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Introduction

Thesis units are often considered the culmination of an undergraduate engineering degree
(Holdsworth et al., 2009; Ku & Goh, 2010) and play an important role in addressing extra-
institutional requirements, including aspects as broad as developing/assessing
communication skills (Engineers Australia, 2017) and increasing student exposure to
research (AQF, 2013). Both internal policy and external accreditation requirements often go
further, and mandate a ‘capstone’ project experience of some form: e.g. “It is expected that
programs will embody at least one major engineering project experience” (Engineers
Australia, 2008).

The existing literature on final year engineering theses (e.g. Wisker, 2012, Lawson et al.,
2014) highlight some areas of concern, mainly with consistency in supervision and marking.
In addition, undergraduate thesis units are often students’ first major experience of
undertaking research, so undergraduate students often need more structure and guidance
(Wisker, 2012). Lawson et al.’s (2014) interviews noted that marking consistency is a
significant issue with undergraduate theses, with some interviewees arguing that supervisors
can be biased or have a conflict of interest in relation to assessing students they have
supervised and others arguing that supervisors must be involved in marking as they have a
holistic view of a student’s work. While rubrics can help with marking consistency, they also
need a degree of tailoring to the project (Littlefair & Gossman, 2008). Overall, variations in
the student experience of Thesis units have the potential to undermine the aims of these
units (Lawson et al., 2014; Rasul et al., 2015).

This paper outlines the results of a review undertaken by the Faculty of Engineering & IT at
The University of Sydney to better understand the current learning & teaching practices and
make recommendations that aim to create consistency across the Thesis units run by the
four different schools within the Faculty.

Overview of the Thesis Program

Engineering students at The University of Sydney undertake the thesis as 12 credit points
(0.25 EFT) over two semesters during which they undertake a project. In line with AQF
requirements, the thesis units aim to expose students to research as well as to have them
connect their technical and design skills to broader professional capabilities within the
context of a major individual project.

The thesis research process is organised into a number of sequenced assessment tasks
which introduce students to different aspects of research, such as the literature review and
progress report. In the literature review or proposal components, students are exposed to the
existing research on their topic through identifying and analysing existing literature,
interpreting the findings and evaluating the quality of the research. In the progress report or
participation components, students are assessed on the process of performing research e.g.
planning the research and implementation. In the presentation/seminar or thesis
components, students communicate their research to peers and academics.

There are different approaches to the kinds of project students undertake and may for
instance include:

e Design and construct/implement

e Collection and analysis of survey data
e Experimental tests

e Numerical simulations

e Analysis of case studies
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Overall there are differences across the Engineering Schools at the University of Sydney in
the assessment tasks undertaken by students. As can be seen in Table 1, there are
substantial differences in terms of the timing and weighting of assessments, in spite of a
relatively similar structure (proposals and literature reviews in first semester; presentations
and final submission of thesis in second semester). Chemical and Biomolecular Engineering
(CBE) assess each semester separately, whereas the other schools assess across both
semesters and apply the same mark to both units. Additionally, Civil Engineering (Civil) and
Electrical and Information Engineering (EIE) have participation components of 15% and 20%
respectively, which reflect the management aspect of the thesis. Compared to other Schools,
Aerospace, Mechanical and Mechatronic Engineering (AMME) give more weighting to the
final Thesis submission.

Table 1: Summary of Thesis assessments

Week Civil AMME CBE EIE
Semester 1

3 Online Quiz (5%) Proposal (0%)

5 Proposal (0%)

7 Literature Review/

Plan (45%)

10 Literature Review (10%)

13 Progress Report (10%) Sljerriisrfgrt?gg%) Progress Report (0%)
Semester 2

7 Progress Report (20%)

1 Thesis (70%)

12 Presentation/ Presentation/ Pre_sentation/

Seminar (15%) Seminar (10%) Seminar (10%)
13 Thesis (60%) Thesis (80%) Thesis (60%)
StuVac Speﬁ?r?;rt?g(?%)

In terms of marking, each of the schools has a policy that the final submission of the thesis is
assessed by two markers, namely the supervisor and a second marker, but if the marks differ
by 15% or greater, a third marker is required. A common rubric is used across the Faculty for
the marking of the final submission. Presentations are also assessed by two markers, but
each school has its own criteria. The marks for the other components (e.g. literature review,
participation) are determined by the supervisor alone.

Depending on the nature of the project, as well as on student needs and the style of
supervision, support from supervisors can include: weekly meetings with students; directing
students to library resources; discussion of the requirements and expectations of the thesis
unit; showing and reviewing exemplars or the provision of a thesis template; creation of
project plans; provision of feedback on written submissions; and introduction to industry
contacts.

Review Methodology

Information for this research was collected through discussions and an online survey.
Discussions were held with the unit of study coordinators from the thesis units who identified
areas which were of concern. These included: variations in quality of supervision;
inconsistency in marking; and the difficulty of project assignation. Approximately 130 past
graduates of the Bachelor of Engineering degree at The University of Sydney were emailed a
link to an anonymous online survey to which there were 16 responses. Study data were
collected and managed using REDCap (Research Electronic Data Capture) electronic data
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capture tools (Harris et al., 2009) hosted at The University of Sydney. The ethical aspects of
this study were approved by the HREC of The University of Sydney 2017/483.

Survey

The following questions were asked in the survey:
1. What did you enjoy most about Thesis?
2. What do you think needs improvement?

3. How useful would the following have been during your Thesis?
a) Online modules to guide you through Thesis
b) More tasks to support communication skills
c) More opportunities to present work throughout the year
d) Changes to the marking rubric
e) More assessments/deadlines
f) Standardisation of marking/marks better linked to WAM
g) Group discussions
h) Clearer expectations from your supervisor
i) A project with strong links to industry

4. What other techniques and tasks do you think could have been used to improve your
learning experience during Thesis?

Survey Results

The survey responses were received from students who had received marks of 65-91 for the
Thesis units. Despite substantial differences in their Thesis marks, many students made
similar comments in response to the survey and there did not seem to be correlation
between their marks and the ratings on proposed changes.

What did you enjoy most about Thesis?

Many responses indicated that the topic was one of the highlights of the Thesis experience,
commenting positively on “learning about things that | am really interested in” and the
“[a]bility to research a fascinating topic”. Furthermore, the autonomy to work on the topic was
clearly a positive experience, with a number of comments about the independent nature of
the research project, e.g. ‘I really enjoyed the independence” and “[t]he opportunity to do
individual research into a topic outside of lectures. The ability to take research into own
direction”. This also had the additional benefit of giving students the “flexibility to do more
work in the weeks that | didn't have much on”. Some responses also highlighted a positive
experience with supervision, e.g. “relationship with my supervisor” and “[w]orking with a
really good supervisor. He was really supportive”.

What do you think needs improvement?

Many of the responses commented on varying quality of supervision, with “some people
hav[ing] fantastic experiences whilst others poor experiences”. Some responses commented
on the availability of the supervisors, e.g. “[s]upervisors should try to make themselves
available to thesis students in a reasonable capacity” or “[s]upervisors need less students
each so they actually have time for their students”, whilst others added that the quality of the
time with the supervisor was important, e.g. “more constructive sessions with Supervisors
are required for a successful thesis”. These comments contrast with the positive comments
on supervision in the previous section and clearly highlight the inconsistency between the
student experience of supervision. Some students have pointed out that their supervisor (as
an individual) was excellent, but also acknowledge that this is not necessarily the case
across the spectrum of supervisors.
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There were also comments on assessment, mainly regarding the “[ijnconsistency in marking
and lack of transparency in the marking process”. This is further reflected in comments
regarding the lack of feedback from the thesis submission, e.g. “presentations were done
and we received final mark, but no breakdown into components or feedback on research
itself - what could have been done better”.

The thesis units are typically taken across two semesters, with most schools weighting the
assessments in the second semester much higher than the first semester. Some responses
commented on the subsequent lack of incentive to work in the first semester, e.g. “[t]here
could be more incentive to start your experimental work/conduct interviews earlier” and
“[hlaving more presentations during the year (eg 2 min q&a) to encourage people to work
through year”.

Interestingly, there is a clear alignment in the concerns of unit of study coordinators and the
students, especially in the areas of supervision and marking. This is likely a reflection of the
fact that unit of study coordinators receive feedback from students (in the form of Unit of
Study Survey results), and oversee the marks finalisation process, where significant
differences in mark allocations between markers are most obvious.

How useful would the following have been during your Thesis?

Figure 1 shows the number of responses that agreed or disagreed with each proposed
change listed in the survey. It can be seen that there is general agreement with the
usefulness of the potential changes that were listed, with the clear exception of strong
disagreement with e) more assessments/deadlines. Interestingly, the respondents who
commented that there was a lack of incentive to work in first semester also disagreed with
the usefulness of more assessments or deadlines.

16 -
<
12 A :\% \w:\\
N \ N N N N
N N N YA N N N N
N N N N I\
VN N NN N N N
4N N N N N NN N
0 LFN N 5 N *f% 58 [
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O Disagree Agree

Figure 1: Agreement and disagreement with the utility of a) online modules, b) communication
tasks, c) more opportunities to present work, d) rubric changes, e) more assessments, f)
standardisation of marks, g) group discussions, h) clear supervisor expectations, i) project
with industry links

What other techniques and tasks do you think could have been used to
improve your learning experience during Thesis?

A number of respondents commented on the lack of training in how to write a thesis, e.g. “[a]
presentation or a tutorial of how to write a thesis before it is written” or “some organized
learning materials or workshops in using better tools (for example, LaTeX) for both word
processing and citation management.” This also reflects an improvement suggested by a
respondent that, “a lecture when thesis starts about what a literature review is, then a
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separate lecture on what methodology should entail etc.” should be offered. Currently, Civil
and EIE organise literature review writing sessions in conjunction with the Library in first
semester. According to the thesis coordinators from the respective schools, the Literature
Review sessions that are run by the Library specifically for engineering thesis students are
well-attended by the Civil and EIE students. Furthermore, some respondents commented on
the usefulness of exposure to other students’ research, e.g. “communication with other
groups” and that “a mixture of group discussions and one on one feedback sessions and
review” was helpful when organised by their supervisor.

Recommendations

The aim of this review is not to homogenise the thesis experience, but rather to support the

improvement of the student experience and learning outcomes of the Thesis unit. Based on
the data collected, the following recommendations aim to minimise structural changes to the
existing units by focusing on the introduction of new elements and promoting “best practice”
from across the different schools’ existing units.

Conduct End-of-Thesis Student Survey on Supervision

Issues with variability in supervision quality should be assessed via an end-of-thesis survey
where students can provide feedback on their supervision experience. Currently, the Unit of
Study Survey provides feedback from students on their overall experience of the thesis unit,
and Thesis coordinators often have a general idea of which supervisors are providing
adequate supervision; however, a survey specifically on supervision would create greater
accountability for individual supervisors and allow Heads of School to make an assessment
on which supervisors are performing well and which need further support, scrutiny,
accountability or training.

Ensure Consistency of Marking

The mandatory use of third markers was noted by the thesis coordinator to have been
effective in the past; however, this is a resource-intensive practice and is not practical with
the growth in student numbers that the Faculty has recently seen. Furthermore, there is
general agreement from supervisors that the use of external markers for across-the-board
marking would not be ideal as theses should be marked by someone with experience in the
research area. There is no immediate solution to the issue of consistency of marking
between two markers; however, monitoring of supervisors who consistently give high or low
marks relative to the second marker or who consistently give their students marks much
higher or lower than a student’s Weighted Average Mark (WAM) should be undertaken.
Using this information, supervisors with unusually generous or harsh assessment practices
can be identified and steps can be taken to either normalise marks or to discuss the marking
with the supervisor.

Provide Feedback to Students

The process of giving feedback to students at the end of the thesis should be formalised so
that students receive information on their performance in the thesis unit. Currently, this
process is dependent on the supervisor and internal requirements, with many schools not
necessitating any feedback beyond the final mark. Feedback will provide students with
further insight into their own strengths and weaknesses, as well as increase student
confidence in the marking process. This could simply be in the form of checked boxes in a
rubric and a mandatory one-paragraph comment from the marker, as is current practice in
EIE.
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Provide Thesis Writing Resources

There are a number of resources available to students at The University of Sydney to help
them with their thesis writing, such as the Library and Learning Centre resources. In general,
however, guidance on writing is often not considered to be the responsibility of the
supervisor, but rather the responsibility of the student, and students may be reluctant to
access general resources that are not tailored to engineering students.

The Literature Review sessions that are run by the Library for engineering thesis students
are tailored to help students find scholarly resources and evaluate the quality of the
information within the resources. Some sessions also introduce the use of reference
managers, such as Endnote. The Learning Centre also runs sessions on how to write a
Literature Review, but the focus tends to be on postgraduate research students, as noted by
one of the survey respondents, “They have these for postgrads but | don’t understand why
they don’t do it for undergrads”. Further discussion with the Library and Learning Centre is
required regarding resourcing; however, these programs should be expanded across all the
schools so that all students are aware that there are Library and Learning Centre resources
available to them and, if organised across the Faculty, there would be greater flexibility in the
timing of sessions that can be run.

Provide Templates and Exemplars

Templates and sample submissions of past student work could be provided in each school
as a guide to students. Ideally, a variety of past submissions would be included to account
for the differences in types of projects offered by the school. Currently, this is done at the
supervisor level, resulting in situations where some students have a much clearer idea of the
expectations than others. If introduced at a school level, all students would have the same
base level of support and supervisors who may wish to build on the provided resources (by
providing their own exemplars or by analysing the template and submissions with their
students) may do so.

Encourage Video Presentations

To create incentive for students to work throughout the year (and particularly, in first
semester which generally lacks assessments), students should submit a video submission of
their progress and expected findings. The videos could be distributed across the Faculty for
peer review and this could also be used as an opportunity to expose students to research
outside of their own project. Although the student survey suggested that more assessments
would not be beneficial, a first semester, low-weighted assessment would alleviate some of
the concern with the additional workload. Furthermore, this cross-School initiative would align
with The University of Sydney’s Strategic Plan, which includes a greater focus on
multidisciplinary activity.

Include Poster Presentations

An unassessed poster presentation session is another way in which students can be
exposed to research outside of their own project. Both staff and students would have the
opportunity to interact with poster presenters and, would have the opportunity to learn more
about projects on offer and about potential supervisors. This would benefit penultimate-year
students as well. In the past, poster presentations have also been attended by industry
representatives. Coordination across the Faculty to run poster presentation events on the
same day would give students the opportunity to see research outside of their own school.

Conclusion

This research identified issues mainly concerned with supervision and marking, but also
feedback, resources and exposure to the research being undertaken by their peers. Positive
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aspects identified from student surveys suggests that the respondents generally agree that,
aside from additional assessments, the provision of additional structure and support during
the thesis unit would be beneficial to them. This review recommends that support for
students be provided by better promotion of thesis-writing resources and the provision of
templates and exemplars. Furthermore, consistency of supervision and marking should be
addressed via an end-of-thesis student survey on supervision and monitoring of lenient
markers. More opportunities to present their projects and, conversely, gain a better
understanding of research outside of their own project should be given to students, as well
as better feedback on their final submission.
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SESSION C2: Interdisciplinary and cross-disciplinary engineering programs...

CONTEXT Assessing student learning outcomes as evidenced through their technical skill
development and grades in project-based courses is well-described in the literature. However,
most work to date concentrates on students’ learning achievement rather than their learning
process, leaving students to learn how to manage the projects that they are assigned largely
on their own. Students therefore consider their technical achievements to be the desired
outcomes, even though staff may list non-technical skills such as “time management” or “self-
organisation” (self-management skills) as formal learning outcomes, working on the theory that
the student must have managed themselves to have achieved their technical outcomes.
However, in order to meet the imperatives for quality engineering graduate attributes and
professional competencies, educators need to attend to and make explicit the ways important
non-technical skills can be facilitated and valued in project-based courses.

PURPOSE This study aimed to investigate the effectiveness of implementing a management-
based assessment structure to promote engineering students’ self-management skills as part
of learning to organise their work in a final year entirely project-based course.

APPROACH In a final-year, entirely project-based (students working solely on several
prescribed projects), mechatronics paper, we employed a postgraduate student with a
business degree to take up the role of a “demonstrator manager”. Technical assistance was
provided to students through lectures and lab work but organisational assistance and reporting
was provided by the “demonstrator manager”. About one-third of the marks for the paper were
to be awarded by the “demonstrator manager” based on how well she perceived each student
to be planning and executing their projects. Key to the process is the fact that the manager did
not know much about the technical details of the projects, forcing the students to plan their
work, explain milestones in consultation with her, and explain their progress to an “outsider”.
Data were collected from end of the course survey and interviews with staff and students as
well as students’ progressive achievement in the course.

RESULTS Preliminary observations indicate that students were at first unsure and rather
casual in their response to this new assessment process. After evaluative feedback was given
justifying marks they received (or did not receive), students responded by taking the need to
report much more seriously. The most positive feedback was received from students whose
first language was not English. This new assessment process coupled with the role of the
“demonstrator manager” have value in helping students make explicit the learning process (i.e.
learning of important self-management skills in this study) pivotal to the successful conduct of
their projects.

CONCLUSIONS This initial study revealed the potential of having management-specific
assessment and business-related demonstrating staff in undergraduate engineering project-
based classes. This will offer students valuable insights in preparing for engineering industries
that are increasingly incorporating interdisciplinary expertise and ideas to solve complex
issues.

KEYWORDS Problem-based learning, assessment, non-technical competencies
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