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Abstract—This paper sets out to challenge the common
pedagogies found in STEM (Science, Technology, Engineer-
ing and Mathematics) education with a particular focus on
engineering. The dominant engineering pedagogy remains
“chalk and talk”; despite research evidence that demon-
strates its ineffectiveness. Such pedagogical approaches do
not embrace the possibilities provided by more student-
centric approaches and more active learning. The paper
argues that there is a potential confusion in engineering
education around the role of active learning approaches,
and that the adoption of these approaches may be limited as
a result of this confusion, combined with a degree of disci-
plinary egocentrism. The paper presents examples of design,
engineering and technology projects that demonstrate the
effectiveness of adopting pedagogies and delivery methods
more usually attributed to the liberal arts such as studio
based learning. The paper concludes with some suggestions
about how best to create a fertile environment from which
inquiry based learning can emerge as well as a reflection on
whether the only real limitation on cultivating such ap-
proaches is the disciplinary egocentrism of traditional engi-
neering educators.

Index Terms—pedagogies, active learning, project based
learning, inquiry based learning, engineering education.

L INTRODUCTION

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 [1], however
in many science and technology subjects there has been
little adoption of student centric practices [2] despite evi-
dence that the “sage on a stage” approach [3] is not as
effective as alternatives. This paper focuses on engineer-
ing education, though many of the arguments can also be
applied to other STEM subjects.

Developments in student-centric learning such as prob-
lem-based and project-based learning have so far had
relatively little impact on mainstream engineering educa-
tion [4], this could in part be attributed to a lack of under-
standing of the difference between these approaches, par-
ticularly when a project-based approach is mistakenly
represented as problem-based'. It is not uncommon for
project-based approaches to be based around specifica-
tions for a desired end product, and such fixed expecta-
tions can diminish the learner’s role in setting the goals

' To avoid confusion in this paper, we avoid the use of the acronym
PBL which is commonly used to refer to both project- and problem-
based learning.
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and outcomes [5]. When a project-based approach is mis-
takenly represented as problem-based, this situation is
worsened as learners can consider themselves to be work-
ing in a specification free environment when in fact the
tutor has a specific expected outcome in mind. The pro-
duction of creative solutions to a problem outside of the
scope of the project gives rise to the phenomenon of the
“unexpected journey” [6]. When such journeys are en-
couraged and embraced they can be a fruitful learning
experience, however when poorly managed the experience
can be frustrating for learner and tutor.

The term “disciplinary egocentrism” describes the lack
of student readiness to engage in multidisciplinary educa-
tion [7], however the term can also be applied to academic
staff who are unable or unwilling to engage in alternative
approaches to their discipline. Disciplinary egocentrism
encompasses two factors, negative relatedness and nega-
tive perspective. The first is a failure to see connections
between a given discipline and an interdisciplinary subject
or problem, which limits the ability to incorporate new
ideas and practices. The second aspect is not only a rejec-
tion of other viewpoints, but often a failure to recognize
differences in perspectives and contributions. It is quite
likely that disciplinary egocentrism is as much present in
academic staff as the student body and that this may be a
factor in the slow adoption of new pedagogies in any
discipline.

Whilst student-centric approaches are gaining populari-
ty in STEM subjects, the liberal arts disciplines were early
adopters of such approaches. It has been argued that engi-
neering and technology should be reconfigured as aca-
demic disciplines, similar to other liberal arts disciplines
[8]. This paper therefore suggests that an examination of
liberal arts pedagogics may improve the uptake of student-
centric learning in STEM subjects. This paper draws on
experiences integrating such approaches in a broader edu-
cational context and also critically examines literature
related to this topic. It proposes a manifesto for the inte-
gration of arts based pedagogics to promote inquiry guid-
ed learning [9] in STEM subjects. The concept of STEAM
education is emerging as a model of how boundaries be-
tween traditional academic subjects can be removed so
that science, technology, engineering, arts and mathemat-
ics can be structured into an integrated curriculum [10].
Current work in STEAM education mostly focuses on
secondary education; in this paper we propose that the
tenets of the STEAM movement can be adopted in tertiary
education where modularization and semesterization can
produce barriers to integrative curricula.

Such barriers are perceived by some authors to no long-
er suit the world in which we live. Guy [11] argues that
the 21* century “has opened a new basis for holistic non-
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linear design of complex systems”, and also that “systems
need to be investigated and tested as wholes, which re-
quires a cross-disciplinary approach and new conceptual
principles and tools. Consequently, schools cannot contin-
ue to only teach isolated disciplines based on simple re-
ductionism”. The experiences of the authors of this paper
echo the words of Guy [11] who argues that in this com-
plex world that understanding is more important than
knowing, that learning by doing is a mechanism for gain-
ing such understanding and that it is time to restore crea-
tivity into education curricula, particularly in disciplines
not traditional considered to be creative. Such calls are not
limited to STEM subjects, with the need for creative edu-
cation in the field of business and management already
established [12]. This paper extends previously published
work [13] by introducing coverage of creativity as well as
demonstrating the two-way advantages of integrating Arts
and STEM subjects.

II.  BACKGROUND & MOTIVATION

The modern engineering professions are constantly ex-
posed to many uncertainties, with clients, society, envi-
ronmental groups, technology, government and rapid
changing requirements of customers. This is a growing
reflection of the changing world, which is increasingly
complex and interconnected. To keep abreast with the fast
pace of technological and organizational change requires
new skills and understanding, not just the fundamental
skills associated with a discipline but also the understand-
ing of how to link information across multiple disciplines.
To contribute to the current business environment and
industry engineering graduates need to combine technical
expertise with practical ability and commercial reality
[14]. Despite these challenges, the dominant pedagogy for
engineering education still remains “chalk and talk”, de-
spite the large body of education research that demon-
strates its ineffectiveness [15]. Researchers have tried to
develop various systems or guiding strategies to assist
students in improving their learning performance and
engagement [16] as a means to better prepare graduates
for the challenges of real world problem solving.

Problem solving is just one element of the modern en-
gineer, however the challenges faced by engineers in the
current world can simply be generalized as the necessary
capacity of knowing how, when and what to do to perform
the ideal function in a given situation, including com-
municating the right information to the right person at the
right time. This can be linked back to concepts such as
dynamic memory [17], which in many ways articulate
what the goal of modern education systems should be.
Rather than train students to ‘know’ things, the goal
should be to train students to “‘understand’ things. Under-
standing is about utilizing skills and competence, and
contextualizing deeper knowledge. It requires action to
assimilate the right concepts, to put them in situation. It is
the concept of understanding that allows complex prob-
lems to be solved.

It has been observed that lecture based teaching does
not advance problem-solving skills, does not require crea-
tive or critical thinking, and does not prepare students for
the types of problems they will face as professional engi-
neers [18]. It is perceived that lecture based teaching is
limited that it does not promote higher order thinking and
advanced reasoning skills amongst others. Both technical
and practical skills are essential for students seeking to

38

make careers in the industry [19]. Therefore in order to
adequately prepare students for taking their place in their
profession in the future there is a need to adopt alternative
approaches to the education of engineers.

Traditional engineering instruction is deductive, begin-
ning with theories and progressing to the applications of
those theories [20], whereas arts based pedagogies are
more inductive. Topics are introduced by presenting spe-
cific 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 [21] which begs the question,
why has there been no widespread adoption of inductive
teaching methods in the engineering disciplines?

In engineering, the most-favored pedagogical model for
teaching in an inductive style is project-based learning
[22]. 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 [23], though the project
may or may not be student-centered, problem-based, or
inquiry-based as has been observed by de Graaf and Kol-
mos [24] who define three types of projects that differ in
the degree of student autonomy:

1. Task project: Student teams work on projects that
have been defined by the instructor, using largely in-
structor-prescribed methods. This type of project
provides minimal student motivation and skill devel-
opment, and is part of traditional instruction in most
engineering curricula.

2. Discipline project: 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 ar-
ea), but the students identify the specific project and
design the particular approach they will take to com-
plete it.

3. Problem project: The students have nearly complete
autonomy to choose their project and their approach
to it.

In many cases, it would seem that the “project based”
approach in engineering is not implemented as a student-
centric, inquiry based model and indeed may be no more
engaging that the chalk and talk approach. There is per-
haps a confusion about the nature of inquiry [25] that
contributes to the focus on projects. This is coupled with a
predominant view that problem based learning or any
degree of student-centric thinking may lead students to not
“constructing the ‘right” knowledge.” and that it may not
be useful for engineering education with regard to “the
acquisition of knowledge that can be retrieved and used in
a professional setting” [26]. It is in this area where this
paper makes a contribution, focusing on how the pedagog-
ical aspects of delivery in arts programmes may be uti-
lized in the engineering discipline. This need has been
identified by other research [27] that clearly identified that
creativity and innovation cannot be treated separately
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from STEM, and ‘arts’ should be an integrating part of the
puzzle that combines creativity and innovation into a
unified whole. The emergence of models of innovation for
the creative industries that are derived from the scientific
method [28] offer some potential in this regard.

It is unclear why the perception persist that engineers
are uncreative. With an ever increasing complexity sur-
rounding engineering projects mounting as natural re-
sources dwindle, the world population increases, the crea-
tivity and innovation necessary to address the big issues
facing society will only increase in importance. It is im-
portant to note that creativity and innovation are not syn-
onymous; there is a clear and important distinction be-
tween them. It is also important to note that creativity is a
mental ability anyone is capable of, not just the artists
among us and that creativity is an attribute that can be
cultivated and developed [29].

Creativity is most often defined as the mental ability to
conceptualize (imagine) new, unusual or unique ideas, to
see the new connection between seemingly random or
unrelated things, whereas innovation is defined as the
process that transforms those forward-looking new ideas
into real world enhanced value. Some authors have posed
the question as whether engineers should strive to be crea-
tive as well as how to teach creativity in an engineering
context [30]. Peters [31] argues that many groundbreaking
design concepts stem from simple reformulations of cur-
rent thinking and practice informed by observation outside
of engineering paradigms, yet historically the suggestion
on how to develop creative engineers has not explicitly
involved the suggestion of considering disciplines other
than engineering explicitly [32] and instead focuses on
developing creativity through exercises in lateral thinking.

Whilst lateral thinking is an important skill, it is but one
part of the puzzle in terms of developing creativity and
innovation in an integrated element of a holistic engineer-
ing education. Bordogna, Fromm & Ernst [33] argue that
both lateral and vertical are important and that innovative
engineers require a range of capabilities, namely an inte-
grative capability, an analysis capability, an innova-
tion/synthesis capability and finally a contextual under-
standing capability. They go to argue that it might be
possible to define modern engineering as the “process of
correlation exactitude with chaos to bring vision in to
focus” and suggest that such a construct can be achieved
through unifying the functional core of an engineering
process with the liberal arts, and developing an integrated
learning process that is followed throughout the delivery
of engineering programmes. The development of ap-
proaches to foster and enhance creativity is becoming
apparent in the educational research literature [34].

It is important to consider a number of questions. First-
ly, does a constructivist or inductive teaching pedagogy
have to limit itself to one “label”? In an engineering con-
text, can a project based learning environment also be
problem based and inquiry based at the same time? Sec-
ondly, to what extent does student-centric methods and
involving the student in defining the problem detract from
the ability to “learn the right things”?

Studio based learning [35] is common in the creative
arts and is based around a cycle of proposing, critiquing
and refinement of ideas and artefacts. Studio deliveries
strongly emphasize learning by doing, and recognize that
people must actively participate in doing things, in order
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to assimilate and accommodate information, which has
long been acknowledged by psychologists [36]. Studio
based approaches emphasize the use of formative assess-
ment and are often based around promoting critical reflec-
tion and learner autonomy. There have been some at-
tempts to introduce formative assessments into engineer-
ing programmes [37], though the use of online and anon-
ymous tools are at odds with the more individualized and
personal assessment events common in arts disciplines.
This differs very much from the traditional approaches in
engineering education. Core to the studio approach is an
understanding that delivery may contain some or all as-
pects of problem, project, inquiry and discovery based
learning and that this balance may change over time as
different projects happening in parallel mature at different
rates. This obviously produces challenges for educators
working in a studio model. Whilst the studio model is
common to creative arts and architecture, it is emerging as
a feasible approach in computing and software engineer-
ing education [38] and as such is worthy of consideration
across a wide range of STEM subjects. Some attempts
have been made to adopt studio approach in engineering
which suggest that “the studio method can be very effec-
tive in teaching design concepts, but because students are
likely to be unfamiliar with this approach, care must be
taken to reassure students regarding grades and expecta-
tions” [39].

The raising of unfamiliarity is an interesting point as in
many cases it is not just students who are unfamiliar with
the approach, engineering educators may also feel wary of
adopting an alternative approach. Issues that have been
observed with educators comfort with adopting an online
delivery [40] are just as applicable to those transferring
between different styles of classroom delivery.

Educational researchers have identified a number of
principles of learning that provide additional insight into
what makes people learn most effectively. Edward Thorn-
dike developed the first three "Laws of learning", namely
readiness, exercise, and effect [41] which have since been
extended with five additional principles, namely primacy,
recency, intensity, freedom and requirement. These prin-
ciples of learning can be used to explain who people learn,
for example the principle of primacy suggests that the
concepts that people learn first make a stronger impres-
sion than contradictory concepts learnt later, giving rise to
the phenomenon that it is “hard to unlearn” [42]. Similar-
ly, the principle of recency suggests that knowledge re-
cently utilized is easier to recall.

The role of these learning principles also plays a part in
how educators choose to teach. Research from 2004 sug-
gests whilst initial training of university teachers is be-
coming increasingly common that only three countries,
the UK, Norway and Sri Lanka, had all universities pro-
moting some form of training [43]. Given that many uni-
versity educators come through a PhD and straight into
teaching with little or no formal training on how to teach,
it is not surprising that the law of primacy kicks in. It has
been observed that “teachers teach the way they were
taught” [44]. New educators tend to adopt a delivery
method that is within their comfort zone, or more specifi-
cally they teach in the same way that they were introduced
to particular topics or subjects. Over time the law of re-
cency reinforces this behavior and gives rise to the pres-
ence of disciplinary egocentrism, or simply the view that
“this is the way it works in engineering”.
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The experiences of the authors of this paper are differ-
ent. 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 im-
portant role in STEM subjects. These values place the
student at the heart of the learning experience and support
the student in terms of defining their own learning jour-
ney, which becomes a vehicle for introducing disciplinary
knowledge. The next section presents a number of case
study projects that demonstrate the effectiveness of more
inductive approaches to education for engineering and
design.

III. CASE STUDY PROJECTS

The following sections each outline a project design
and implementation that is intended to engage students
and capture their interest, whilst at the same time ensure
that students are also exposed to and learn key skills or
knowledge. Each of the projects differ in the extent to
which they deploy arts pedagogical knowledge in terms of
the design of the delivery, and each can be characterized
by a different active learning approach, as shown in Table
L

A. Poetry in Motion / Mechanical Ecologies

“Poetry in Motion” is an example of a typical first year
project in the Bachelor of Creative Technologies degree
that encapsulates a wide range of theoretical and concep-
tual elements into a unified whole. The project is designed
to implicitly introduce students to a range of design and
manufacturing technologies and principles whilst also
allowing students to define their own goals. It is an exam-
ple of project based learning that includes, but is not dom-
inated by a student-centric component.

The project was inspired by the popular 1960’s board
game, Mousetrap, in which players co-operate to build a
working Rube Goldberg-like mousetrap. Once the mouse-
trap has been built, players turn against each other and
attempt to trap their opponents' mouse-shaped game piec-
es. The overall goal of the Poetry in Motion project is to
design and create a chain reaction game using imaginative
and interesting combinations of basic mechanical systems.
The project allows students to define their own project in
such a way that it does not detract from the base skills and
knowledge they are expected to develop. Overall, the
project is designed to promote risk taking as well as
achieve a practical appreciation of principles of physics
and mechanics. The project is structured in two parts, the
first being the creation of a simple mechanical automata
that is designed using CAD software and then manufac-
tured by utilizing the laser cutters in the Faculty fabrica-
tion facility. A typical mechanical automata is shown in
Fig. 1.

This part of the project ensures that students understand
that the practicalities of motion of manufactured parts may
differ from simulated motion in the CAD software, often
in catastrophic ways with mechanisms failing to operate.
Such a “failed” project is often a successful learning expe-
rience and the failure is in no way penalized by careful
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structuring and consideration of the assessment, particu-
larly the use of formative assessment. In most cases,
students who produce an automata that fails to operate go
on to demonstrate the value of the awareness this brings
by applying more reasoned design approaches in the se-
cond part of the project.

Upon completion of the first stage of the project, stu-
dents are encouraged to let their imaginations run wild in
the design and implementation of their chain reaction
game, applying what they have learned about how me-
chanical systems work in practice. The outcomes of the
project are predictably variable, however the majority of
students find motivation through the ability to define and
create their own game scenario. A typical project outcome
is shown in Fig. 2.

TABLE L
PROJECT CHARACTERISTICS
Pedagogical Characteristics
Project Delivery | Problem Project Inquiry | Discovery
Model Based Based Based Learning
Poetry in . v
Motion Studio
Exp.erlence Lectorial v v
Design
Haptic Studio v v v
Glove
EWB Lectorial v v v
Flying High| Studio 4

Figure 1. Sample automata

Figure 2. Sample finished project
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In the process of designing the game, the students re-
apply the CAD skills and knowledge gained in the first
part of the project, therefore providing the opportunity to
reinforce the learning outcomes. To many engineering
educators, it is possible that the development of game may
seem both childish and frivolous. However, the project
demonstrates a good example of how a simple change in
philosophy can motivate and encourage students by
providing them with a context for their learning. In this
pI‘O]eCt students effectively learnt a range of practical
engineering principles and skills, namely a solid introduc-
tion to design foundations and CAD, an understanding of
the limitations of machinery dynamics and an ability to
translate design intent into a finished product through a
CAM facility. Of particular interest is the first stage of the
project, where students attempted to design small mecha-
nisms often based around gears. Whilst a typical approach
to teaching gear design in an engineering course would
start with the Fundamental Law of Gearing, that the angu-
lar velocity ratio between two gears of a gearset must
remain constant throughout the mesh period. This would
then be followed by in introduction to the involute profile
and calculations for gear design, including correct mesh-
ing criteria. It is questionable whether this approach cre-
ates a “need” to learn, whereas the approach where stu-
dents build a gear train that ultimately may not work is an
alternative process where a need to learn is developed and
this has the potential to start students on a journey driven
by their curiosity.

B. Experience Design

The project called ‘Experience Design’ was a ten-week
project at Auckland University of Technology undertaken
by 22 Bachelor of Business students (majoring in Design).
Students were encouraged to use problem based and par-
ticipatory approach of learning. Given the short period and
the complexity of the projects, students were provided
with a structured design process and a set of design meth-
ods. During the course, students were required to identify
and explore the needs of elderly users, and understand
their strengths and limitations in using the intended prod-
ucts. Students were required to identify a problem and
design a creative solution using participatory approaches.
The project also assisted students to engage with broader
contextual and social issues in creating innovative con-
cepts. Students were encouraged to use visual storyboard-
ing and digital storytelling of the solution to the users. In
this project problem based learning had an effective out-
come for most of the students. It helped them to come
close and align their thinking with the reality. Examples of
visual storytelling are shown in Fig. 3 and Fig. 4.

The practical and design method of working on project
helped students to experience the real world and tackle an
actual problem. It helped students to better engage in their
learning process. This pedagogy of learning by doing, can
also be successful integrated in engineering teaching
where young engineers are prepared to practice innovative
thinking and behavior by engaging with a real world situa-
tion.

C. Haptic Glove

This project is another example from the Bachelor of
Creative Technologies degree and can be used to highlight
a number of interesting issues. This project was conducted
by two students, one in their second year and one in their
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Figure 3. Virtual reality experience visual board
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Figure 4. Storyboard of social networking system

third year of study. As such, it is a good example of the
effectiveness of structuring vertical course deliveries that
mix students from different year groups to promote peer
learning [45]. The project evolved from one student’s
interest in the changing relationship between humans and
objects. The second student was mostly interested in game
development. By actively discussing potential overlaps in
two very different interests, the student elected to develop
a game controller that blurred the boundaries between the
player and the game by facilitating a two way data ex-
change. As well as controlling the game play, the control-
ler provides haptic feedback based on game events.

From an education perspective, this project is an inter-
esting case as the self-motivated students were provided
minimal guidance in their project and this is an example
of discovery learning. Such minimal guidance methods
have been criticized in the literature [46], however the use
of vertical orientated delivery allows more experienced
students to provide guidance and support to less experi-
enced ones. Guidance was provided to the team by taking
advantage of this and another curriculum innovation in the
degree, the stretching of projects across multiple courses.
The third year student was enrolled in a new, experimental
course called a “research practicum” that is based on a
research apprenticeship model. Within this semi-
structured learning environment the student was provided
with insight into the research process and guided through
the conduct of a systematic literature review that was used
to inform the development of the device. The research
practicum was particular effective as it nurtured the peer
learning process and also led to the submission of two
research papers from the project [47]. Allowing a vertical-
ly orientated delivery, stretching projects across multiple
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courses and encouraging undergraduate students to engage
in rigorous research has create a unique blurring between
undergraduate, postgraduate and staff that is effective in
both driving learning and generating research momentum.
In a twelve week semester, the two students prototyped a
number of technology based solutions that combined to
produce a working prototype of a wearable haptic feed-
back device as shown in Fig. 5.

The combination of guided discovery based with the
student-centric project produced a truly inquiry based
learning process. By not constraining the project in any
way, the students tried things out, prototyped solutions
and came up with creative solutions to difficult problems.
There were of course mistakes and failures along the way,
but these should also be considered positive learning ex-
periences. For example, the first prototype of the glove
used an Arduino Uno microprocessor with the circuitry
assembled using a solderless breadboard. This of course
resulted in a bulky solution. The students decided to de-
velop a custom printed circuit board (PCB) and set out to
learn how to achieve this. In this process, the students
designed their PCB around the footprint of the surface
mounted chips based on the manufacturer’s datasheet.
However, they had neglected to consider the orientation of
the chips which resulted in the pins not matching the PCB
circuit — the student though the datasheet was looking top
down, but the datasheet had the pinout represented bot-
tom-up. This resulted in a painstaking soldering endeavor
to correct the mistake, in this case a mistake the student
will not make again. It is our belief that mistakes are in-
evitable, and had the student not made the mistake in the
relatively safe learning environment that that it could have
occurred later in their career when the implications of
such a mistake could have been more costly.

D. 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 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 wvariation on the studio-based
learning approach.

The EWB Challenge could be considered either as a
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 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
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Figure 5. The finished haptic glove

are related. We consider problem based learning to be a
subset of inquiry based learning, which itself is a subset of
active learning [48]. 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. This year the area
is 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 contrib-
ute towards sustainable community development and
poverty alleviation. The EWB Challenge program aims to
contribute to this broader goal by working at the universi-
ty level to create change within engineering curriculum
and help to shape future engineers by achieving the fol-
lowing 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 allevia-
tion and their individual responsibility as global citi-
zens

* Support EWB's community based partner organisa-
tions work by providing access to engineering stu-
dent design ideas and by supporting them to share
knowledge and resources with universities interna-
tionally.

The students were asked to form groups of four and se-
lect a design area for their project. Design areas included
but are not limited to housing & construction (Fig. 6),
water supply & sanitation systems (Fig. 7), energy, waste
management, climate change, information & communica-
tions 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 alterna-
tive project. The EWB Challenge is an open-ended learn-
ing experience and the breadth and depth of design is left
to the groups to decide. Students received a briefing for
the scenario which included a presentation by EWB per-
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DESIGN AREA 1 — HOUSING AND CONSTRUCTION

e ~ i - 2 - SR S
Figure 7. Constructing a new rainwater tank in Sandikohla, 2013

sonnel about the area and its problems. A resource pack
was also made available. It was anticipated that there
would be significant further resources accessed on line by
the groups.

The course was not entirely project based and during
weekly lectures time was made available for the groups to
communicate the progress on their projects. A facilitator
was available to clarify and advise on specific issues. Each
group was expected to meet for non-facilitated meetings
between lectures at which they discussed their understand-
ing of the scenario, shared their current knowledge and
ideas on the topics involved, made decisions on how to
address the project, identified what topics or learning
objectives they needed to research in order to progress,
allocated who was going to investigate which topics,
planned for contact between scheduled sessions and re-
flected on their actions and progress

Throughout the project students were encouraged to be
creative in their solutions and to document any assump-
tions 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 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 indi-
viduals 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 intel-
lectual 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
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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 inter-
personal skills, project based learning provides a natural
environment for developing problem-solving and life-long
learning skills.

E. Flying High

The Flying High project was a first year project in the
Bachelor of Creative Technologies degree. This particular
project has been included to show that the integration of
Arts and STEM subjects is in fact a two way dialogue. It
is important to realise that the teaching of STEM subjects
is not inherently flawed, and correspondingly that the
teaching of Arts subjects is inherently better. It is the
belief of the authors that both elements can learn from
each other in an integrative manner.

The Flying High project was designed to target
“creative” students and provide them with exposure to
more systematic methods of design commonly associated
with engineering delivery. The project also introduced
more objective evaluation techniques as an approach to
maintaining a level of criticality in decision making.
However, the project still maintained an active learning
approach and supported the principles of learning thinking
by creating an environment where a need to learn was
established.

The project was conducted in two parts, the first part
being based around the building of an ornithopter.
Students were provided with instructions on how to build
a simple ornithopter and encouraged to develop their own
design by extending the basic instructions. Such
extensions ranged from the shaping of structural elements
and the modification of tail sections as shown in Figure 8.

More complex variations were produced, including or-
nithopters designed around the flight dynamics of dragon-
flies or a variety of bi-wing designs. The teams were
tasked with producing an ornithopter that would either fly
the greatest distance or to maintain flight for the longest
duration and the first phase of the project culminated in a
fun and engaging competition, where most ornithopters
were not particularly successful.

The “failing” of most ornithopters created a fertile
learning environment as most students became curious as
how to make something fly. The second part of the project
opened up with an introduction to topics that would
normally be considered of relevance or interest to artists
which included fluid dynamics and flight mechanics.

| —_—

Figure 8. Simple ornithopter
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Whilst only covered at conceptual level, it was
observed that most students became engaged and
interested enough to ask for more detailed discussion and
analysis of the topics, which naturally led in to the main
aspect of the second part of the project — how do you
design something to fly? In this regard, the main focus
was about design and design methods rather than flying.
There is a distinct difference between engineering design
and “creative design”, with the former being process
driven and the latter almost considered to be a black box
from which concepts emerge. The purpose of the project
was to introduce concept generation and evaluation
techniques from engineering design into a creative design
process.

Two particular techniques were introduced, namely
morphological analysis [49] to generate concepts and
Pugh’s method [50] for evaluating concepts.
Morphological analysis is based around the principle of a
functional decomposition of a need for which concepts are
generated to implement that particular function, different
concepts are then combined to produce a range of overall
design concepts. The students were briefed that their
flying machines needed to have some grounding in reality,
but could be allowed to stretch current technological
limitations and be very much future focused concepts.
Typical morphological charts generated by the students
are shown in Figure 9 and Figure 10.

Analysis of the charts shows that whilst there was an
interest in understanding how things fly, that this was not
fully realized in practice. For example, it was common to
see that propellers were considered to be a means of
producing lift, as in Figure 9. However, this did not limit
the students in applying a process driven approach to
stimulate their own inherent sense of creativity. Many
students commented with surprise on the range of distinct
solutions developed by a method that they initially
thought would limit rather than stimulate creativity.
Students typically selected a number of different concepts
from their morphological chart and then evaluated them
using Pugh’s method, as shown in Figure 11.

Feedback from students indicated that they found the
methods intuitive and easy to apply, though a small
minority indicated that they morphological approach was
a barrier to “achieving the design that they wanted to get”.
In that regard, it seems that irrespective of discipline that
some students simply do not want to explore multiple
concepts.

The true measure of the degree of engagement comes
from an analysis of later projects, where the same cohort
of students was tasked with designing a visual arts project
and a number of students chose to apply the
morphological approach to their arts practice.

IV. DISCUSSION

The previous section has outlined five very different
project implementations all of which are related to design,
engineering and technology. Each of the projects is in-
tended to be student-centric as a means to motivate stu-
dents to take ownership of their own learning experience.
This approach is much more common in arts disciplines,
where much of the teaching is conducted in studio based
deliveries that encourage active learning. Whilst the
STEAM movement encompasses a wider integration of
disciplines, our focus is extracting guidelines from our
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Figure 9. Morphological chart #1

Figure 10. Morphological chart #2

Figure 11. Evaluation matrix

experiences of using arts pedagogics in non-arts disci-
plines, particularly in a modularized tertiary environment.

All of the projects outlined in this paper embrace the
principles of active learning, but are different in terms of
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whether they are implemented as problem based, project
based, inquiry based or discovery based. Indeed, within
any one of these projects the learning characteristics of
teams will differ. The intention of all of the projects is to
create “fertile ground” in which a student may discover
their own curiosity that then drives their learning experi-
ence.

There are a number of challenges that exist in develop-
ing active learning approaches in an engineering curricu-
lum, many of which lie in engineering educators needing
to look beyond their own experiences for inspiration on
how to implement active learning in their courses. The
following sections outline a number of guidelines that can
be considered that are drawn from a broad experience base
in designing projects such as those outlined in this paper.

A. Embrace Different Disciplines

One of the main challenges to overcome is going to be
the implicit perception of the engineering discipline itself
that active learning is somehow “not right” for engineer-
ing. This view arises from the presence of disciplinary
egocentrism that creates a bias towards more traditional
approaches. To cross those disciplinary boundaries, engi-
neering educators should consider whether they have an
option to teach (or co-teach) in an alternative discipline or
whether they can bring in staff from another discipline in
to their course. For example, in the teaching of engineer-
ing design it would be perfectly feasible to bring in staff
who teach product or industrial design, both of which are
often taught using a studio model that can inform the
delivery of engineering design courses. One of the key
concepts of active learning is the process of “learning
through doing” and engineering educators need to not be
dismissive of the unknown, but to try something and see
where it leads. As highlighted in the “Flying High” pro-
ject, there is of course potential whereby engineers can
also inform and improve the delivery of arts courses.

B. Design Projects for Students

For a project based learning environment to have any
possibility of inspiring a wide range of students and moti-
vating them to take control of their learning experience
then the project needs to be designed to be flexible enough
to accommodate different student interests. This doesn’t
necessarily mean an open ended project. For example, the
“Engineers Without Borders” project outlined in this pa-
per allows students control of the content of their work but
in such a way to ensure they don’t “learn the wrong
things”. Similarly, the “Flying High” allowed students to
identify their own goal in terms of their design and only
constrained the students to using a particular approach.

C. Tease out Creativity

Creativity is closely tied with divergent thinking, a cog-
nitive skill that is different to general intelligence. Whilst
current early childhood education has undergone a renais-
sance in terms of promoting divergent thinking this has
yet to fully penetrate secondary or tertiary education. As a
result, students may feel that their more creative ideas
won’t match the expected answer. It can be useful to
transform the teaching environment in to a different “play
space” to allow students to safely explore how to be crea-
tive, whilst simultaneously undertaking activities that are
specifically designed to stimulate creativity. As an exam-
ple, when teaching engineering design it may be appropri-
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ate to undertake a different design problem, perhaps some-
thing in experience design, where students can be encour-
aged to explore more freely. It is also useful to provide
students with tools and techniques that promote explora-
tion, such as early introduction of concept generation
methods.

D. Allow and Encourage Failure

A project that fails doesn’t necessarily mean that the
student hasn’t learned something valuable. Students will
generally learn more by trying something that doesn’t
work than listening to an example of something that didn’t
(or did) work. To allow failure to occur, engineering edu-
cators need to reconsider how they design assessment
events to not penalize experimentation and creative ideas
that don’t work in the short term, but lead to a greater
understanding in the long term. In particular the inclusion
of formative assessment events can have a positive impact
on the learning experience. However, this thinking can be
extended to consider how to support students to become
critical, reflective practitioners. The use of digital portfo-
lios and the use of design journaling can enhance this and
also provide evidence of original work and thought.

E. Realise Students are Different

Not all students are going to react to active learning in
the same way and many students will have different levels
of achievement in terms of their learning experience.
Promoting active learning doesn’t mean leaving students
to attempt to discover knowledge entirely on their own,
whilst this may work for the strongest students it will
rarely work for the majority. It is important to realize that
there is no perfect journey, that students will progress at
different paces and that educators need to shift gears regu-
larly as they tailor the process of critiquing and refinement
to different groups of students to encourage them on their
journey of inquiry.

F. Consider Vertical Orientation

Many engineering programmes have a very strict pro-
gression model where students at different stages of study
rarely mix. Whilst in many cases there are good reasons
for this, actively encouraging the mixing of different year
groups to work together on the same project can promote
an entirely different learning experience. Even if this is
not feasible in formal courses, consider whether it can be
achieved through non-assessed mechanisms such as exter-
nal projects.

G. Explore Horizontal Blurring

Again, many engineering programmes have very strict
demarcation of topics that can create a limited view of
how the topics are interrelated. Institutionally, this demar-
cation provides convenience as student performance in
any given course is relatively easy to determine. However,
allowing projects and assessments to stretch over multiple
courses opens a wealth of opportunities. Firstly, it allows
educators to provide multiple strands of guidance to stu-
dents working on projects that come together to allow a
student to achieve a better outcome. Secondly, it allows
students to see the interrelationship between topics that are
otherwise obscured. This becomes important when a stu-
dent is enthused and excited about one aspect of their
learning journey, which can spill over into another topic
that otherwise would not be found enjoyable.
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H. Have Higher Expectations

Raising expectations for student achievement will exert
powerful influences upon the student learning experience.
Expectations need to be reasonable, but should also be
aspirational and accompanied with appropriate support
and encouragement. Students are very capable of produc-
ing work to a high standard when motivated. Educators
should assist students to seeing the potential for all sub-
jects to be interesting.

V. CONCLUSION

This paper has outlined a number of student projects re-
lated to technology, engineering and design disciplines
that have been designed to promote active learning in the
participants. Such active learning is currently rare in engi-
neering education, which may possibly be attributed to the
presence of disciplinary egocentrism in engineering edu-
cators. However, such approaches are more common in
the arts disciplines where students are encouraged to be
more explorative. Some of the common themes that have
emerged from the authors’ experience in implementing
active learning have been extracted into a set of guidelines
or considerations on how best to approach the implemen-
tation of active learning in engineering. The most im-
portant guideline is that of seeking experience outside of
traditional engineering teaching to inform a possible direc-
tion. The goal of implementing active learning should be
to provide an environment where it is possible for students
to become excited, curious and to take control of their
own learning experience. The projects outlined in this
paper show that this achievable in the engineering disci-
pline and that it is possible to embrace creativity in the
education of future engineers.
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