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Preface
The theme of this vignette is pluridisciplinary
course development using a framework.
The objective validation of pluridisciplinary
programs is the second vignette in this series.
The project took place between November
2015 and March 2017. The study was
designed to consult, share, and create
awareness of alternative learning and
teaching practices for pluridisciplinary fields.
Pluridisciplinarity, coined by Max-Neef
(2005), requires two or more disciplines to
combine their expertise to jointly develop
and deliver learning and teaching outcomes
appropriate for a subject area, especially one
that is rapidly changing.

coupled with necessary graduate outcomes
mandate the need for a truly pluridisciplinary
pedagogical approach.
Pluridisciplinary collaboration occurs when
people from different professions or
disciplines with varied skills and experiences
complement each other when working
toward achieving a common objective.

Emerging careers in technology-focused fields
3

Throughout the project a range of views
were obtained using the following
resources:
• Interviews with experienced
educators
• Workshops with course developers
and educators of pluridisciplinary
programs
• Employers
• Industry accreditation bodies.
Twenty-five in-depth interviews and four
workshops were conducted, transcribed, and
analysed.
This vignette on the use of a framework for
the development of pluridisciplinary courses
is based on interviews and workshops across a
number of groups, including educators,
employers, and industry accreditation bodies.
It also incorporates data from the interviews
and feedback from the workshops described
above.

Enhancing pluridisciplinary course development

‘Disciplinary depth is essential for investigating complex issues.
Complex issues demand researchers and investigators who can
engage in pluridisciplinary translation and synthesis as part of
interdisciplinary teams. This requires the development of an
integrated solution that is not possible from reliance on a single
discipline. This is no longer an exception but is a reality in modern
professional life.’ (An educator)
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INTRODUCTION

Some issues and topics appropriate for
undergraduate, and increasingly for
postgraduate, study are simply too complex
to be properly investigated within a single,
traditionally defined discipline. Relatively
broad fields of inquiry such as medicine,
informatics, business, engineering, and the
built environment routinely draw upon
multiple disciplines to develop learning and
teaching outputs required to produce
employable graduates. These are graduates
who are not only competent in a single field
but who also understand the underlying
process of problem definition, data analysis,
critical thinking, evidence-based problemsolving, communication, and ethics.

Vignette aims and objectives

The variety of learning and teaching
pedagogies necessary to successfully
develop undergraduates for rapidly
changing areas has a direct impact on
graduate employability. Few teachers can
master all aspects, yet graduates need a
solid knowledge base across each skill to
succeed in advanced technology
professions. A key element contributing to
the decline is the deterioration in crossdiscipline expertise and integrated
approaches to solving complex problems.
Improving graduate skills in the
pluridisciplinary fields, particularly those
that use advanced technologies, will go a
long way towards arresting this decline.

• Evaluation

We provide a framework for
pluridisciplinary program development and
describe each of the framework
components. The framework is informed by
best-practice learning and teaching
behaviours and its elements contain
controls to ensure that the pedagogy of the
program is internally consistent.

Enhancing pluridisciplinary course development

• Educators: To increase awareness of the importance of
using a framework for developing pluridisciplinary
programs.
• Higher education: To develop employable graduates with
sufficient experience in cross-disciplinary fields.
• Employers: To build awareness of pluridisciplinary program
development and understanding of graduate outcomes.
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DATA SCIENCE: THE EMERGENCE
OF A NEW FIELD

Witness the development of a
new discipline: Data science
As the field of data science evolves it will
become important to think about how to
train a new generation of data scientists.
The first rule of data science is that you don’t
ask how to define it. It doesn’t fit neatly into
an existing disciplinary pedagogy and the very
ethos of data science runs counter to the way
most undergraduates (and many
postgraduates) study. In most ‘normal’
classes, the point is to race to the top of the
curve, so most students appreciate clearly
defined goals in the form of syllabi, deadlines,
review sheets, and rubrics.
But anyone who has taught a course at highquality universities will tell you they’re all too
familiar with the ‘Will this be on the final?’
mentality. The way that our educational
system is set up right now really does focus
on the individual, the individual’s
performance, the individual’s ability to either
synthesise or regurgitate or master some
corpus of material. Data science, however,
requires a more collaborative approach.
Collaboration and reproducibility are
inextricably linked: ‘The first step to making
science reproducible is to build good habits.
So how do we teach the skills required for
collaboration?’
In one data science class at the University of
California, Berkeley, students were set a
goal of using data provided by the Southern
California Earthquake Center to create a
better way of predicting earthquakes. This
goal had no clear road map that could be
broken down into simple steps and thrown
onto a syllabus.

Because the goals weren’t laid out for the
students in a step-by-step manner, the
students had to design their own goals.
Starting with the basics, they asked several
questions: What were the units of data they
were provided with? What was recorded?
How was it measured? What do we mean
when we say ‘magnitude’? Students were
faced with various decisions: how to
transform, clean, and normalise the data
into something meaningful and usable.
Finally, they thought about how to turn data
into evidence by applying the information
they had towards solving a problem. And
every step of the way, they had to be able
to demonstrate that they could reproduce
the results.
At the end of the course the students had
built a prediction model that was much
simpler than current state-of-the-art
commercial models coupled with a similar
performance outcome. And their software
pipeline was automated and made available
online so that anyone else could easily pick
up where they left off. That is an important
contribution to the field, and one that can
be learned and built upon quickly because
of the students’ attention to detail.
This approach allows room for innovation
from a group of individuals with diverse
intelligences, differing markedly from
typical courses where students must all
learn the same thing. Students became data
curators, analysers, visualisers, and
presenters. As goals and plans emerged,
groups evolved. Many students stepped
into the roles that they felt comfortable in.
Others took on roles outside their comfort
zone that provided the training they sought.
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GENERATING IDEAS AND CONNECTIONS BETWEEN
RELATED TOPICS

Pluridisciplinarity is the practice of
disciplinary ‘convergence’. Convergence is
the escalating and transformative
interaction among seemingly distinct
disciplines, technologies, communities, and
domains of human activity to create added
value and ultimately branch out into
emerging areas to meet shared goals.
In this sense, it is far broader, more
complex, and wideranging than simply
some notion of ‘interdisciplinarity’. In
many fields, convergence has arisen and
evolved more or less spontaneously in
response to a problem that spans many
disciplines.
Disciplinary depth is essential for
investigating complex issues. Complex
issues demand researchers and
investigators who can engage in
pluridisciplinary translation and synthesis,
often as part of interdisciplinary teams,
and the development of an integrated
solution that is usually not possible from
reliance on a single-disciplinary
perspective.

Approach to achieve
program aims and
objectives
Truly pluridisciplinary subjects need to
motivate students to develop a metaknowledge about different disciplines,
methods, and epistemologies.
Students must also learn how to
purposefully and reflectively integrate and
synthesise different perspectives to promote
understanding and problem-solving.

Enhancing pluridisciplinary course development

There are some key concerns. Much of the cutting-edge
development in the evolving technology and data-driven
disciplines goes on in the margins, while the basic and
foundational work rightly remains within individual
disciplines.
In addition, there are numerous logistical challenges to
pluridisciplinary program development including the
apportioning of fees, promoting the interoperability of
specialists, maintaining focus on learning and teaching
outcomes, and encouraging course development to evolve
with underlying technologies and techniques.

Challenges
Importantly, there remains a need for educators to educate
for both disciplinary and pluridisciplinary expertise. Students
increasingly need to learn how to respond to challenges that
transcend disciplines, work across the nuances associated
with multiple disciplines, and develop investigative paths that
do not necessarily conform to standard disciplinary paths,
particularly in areas where single-disciplinary approaches
have failed.

EMERGING CAREERS IN TECHNOLOGY-FOCUSED
INTERDISCIPLINARY FIELDS SUCH AS DATA SCIENCE COUPLED WITH
NECESSARY GRADUATE OUTCOMES MANDATE THE NEED FOR A
TRULY CROSS-DISCIPLINARY PEDAGOGICAL APPROACH.
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ESTABLISHING GUIDING QUESTIONS FOR
PROGRAMMATIC SCOPE AND SEQUENCE

Opportunities for students to develop
employability skills should not be
developed by faculty and support staff
acting in isolation, believing the benefits of
participation will be self-evident to
students.
First, if students are aware of how and why
their employability skills are being
developed, and recognise the importance
of the approach, then they will take
ownership of these initiatives, offering far
more chance of success. The promotion of
students’ ownership of their own
employability needs to be built into any
pedagogic rationale that informs the
specific approach developed.
Second, as students studying advanced
technologies will need to survive and thrive
in multidisciplinary professional
environments after graduation, the
university environment should seek to use
as many lessons as possible about their
inherent challenges and opportunities
during their program of study.
As more universities consider
pluridisciplinary initiatives, systematic
quantitative and qualitative studies of viable
structures, resources, incentives, effects,
and perceptions need to be recorded.

Enhancing pluridisciplinary course development

Development hypothesis
Experiments that measure differences
between pluridisciplinary and
monodisciplinary approaches should be
driven by variants of the following hypothesis:
Students who take a pluridisciplinary course
have better outcomes than monodisciplinary
capstone design students as measured by job
placement and independent evaluation from
industrial professionals. This would form a
key foundation for the development and
validation of a pluridisciplinary course.
Natural diversity of group participants alone
is insufficient to achieve pluridisciplinary
objectives. Group diversity has varying effects
on a group’s performance, including
innovation, quality of ideas, and productivity.
Thus the guiding questions established to
develop the curriculum become crucial.

DESIGNING ACTIVITIES TO FULFIL PROGRAM GOALS
The presence of physical infrastructures can present
an opportunity for researchers from different fields to
converge. Among the disciplines of a typical university
there is often an element of ‘ownership’ of
infrastructures. One community may be seen merely
to be ‘borrowing the tool’ of another. This is clearly
not an example of convergence.
Some issues arise around the assessment of teamwork
in practical settings. Studies specific to advanced
technology curricula have yielded only anecdotal and
qualitative results, primarily describing the challenges
and team dynamics associated with diverse team
composition. The team experience can often better
prepare the students for professional practice because
it teaches students to work together to overcome
conflict and integrate opposing views.
Multidisciplinary capstone teaching models using
integrated, multilevel, pluridisciplinary approaches
develop experiences that are consistent with students’
eventual real-world experience than more traditional
curricular paradigms do not allow. Typically, a
significant project not only requires a group effort but
also that the individuals’ efforts be channelled.
Although most models allow either a group-elected
leader, or an instructor-directed leader, one approach
is to take leaders from outside the course. In some
courses the group leaders come from the senior-level
courses, so that the people leading each of the groups
have already had the subject matter for that particular
course. Each designated group leader can concentrate
on controlling group dynamics while group members
learn the course objectives. As the group leader is not
a peer of the group members, he or she is in a position
to single out those not fully participating.

How does student-centred
learning contribute to program
development?
Student-centred learning, which refers to the
imposition of more responsibility on students
for their own learning than the traditional
lecture-based approach, is seen as an
important component for pluridisciplinary
program development. This is a method
where students learn by fitting new
information into their existing cognitive
structures, whereas they are less likely to
learn if the new information has few
apparent connections to previous knowledge
and beliefs.
The implementation of problem-based
learning and project-based learning is a key
element of course activities in almost all
successful pluridisciplinary programs.
The more the task reflects reality, the more
the students will be motivated. Working on
pluridisciplinary projects is seen as a way to
organise various simultaneous and/or
integrated learning processes. It is crucial for
students in a project-based learning
curriculum to become lifelong learners who
have learned to take responsibility for their
own learning process. This is why
pluridisciplinary courses for mature students
are deeply associated with the project-based
learning process.

11

Enhancing pluridisciplinary course development

Enhancing pluridisciplinary course development

VALIDATING SCOPE AND
SEQUENCE
Pluridisciplinary program success is likely to
be greatly influenced by less-quantitative
factors such as a student’s drive to learn
and create, externally acquired experience,
passion, and inherent communication skills.
These factors might lead the student to pick
a particular course version biasing team
composition and outcomes. There is a wide
need for validation activities to determine
quantitative metrics for these factors by
surveying the students before and after the
delivery of the pluridisciplinary subject.

Finally, although the need to avoid bias
in subjects is often seen as an important
objective, validating whether or not this
was actually achieved in the curriculum
guiding questions and resulting material
was seen as difficult, and many
academics generally relied on expert
intuition.

The experience of many educators is that
team-based pluridisciplinary coursework
can be highly valuable in producing learning
skills to address issues that are very
complex. In the experience of some
educators, external industry professionals
have judged team-based pluridisciplinary
course outputs as having holistically better
innovation, utility, analysis, proof of
concept, and communication skills than
those of their monodisciplinary
counterparts.
Students in pluridisciplinary courses have,
on average, a higher likelihood of being
employed after graduation. Extrapolating
the results to other majors suggests that
with the incorporation of pluridisciplinary
course design across other advanced
technology majors, students will better
prepare themselves for the qualities valued
in professional practice and be more likely
to obtain professional employment.
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DESIGNING CONTENT, MATERIALS,
AND ASSESSMENT
The joint development of course objectives,
materials, and assessments in
pluridisciplinary subject settings is seen as
being vital. Researchers have found that
most organisations have an increasing need
to be able to form joint development teams
that collaborate for the life of a project and
then disperse.
Such teams need to quickly locate, evaluate,
and make effective use of the best resources
available. However the general practice in
universities is to stratify senior courses by
discipline, which prevents a collaborative
exchange of expertise, knowledge, and
experience across domains.

Avoid fractional knowledge
In the field of data science, practitioners
emphasise the need for pluridisciplinary
development programs to produce
graduates who act to design and build new
methods, models, and products that,
importantly, should occur within a defined
time frame. This requires individuals from
diverse fields to communicate effectively
across expert domains, engage in quick
action, and efficiently allocate resources. An
approach to data science program design is
that it must seek to avoid the ‘fractionated
knowledge’ that is not relevant in the real
world.

Enhancing pluridisciplinary course development

Capstone subjects
Capstone subjects are seen by educators as
being pluridisciplinary by nature but their
development and design was confined to a
single discipline. Many suggest that students
who take a pluridisciplinary capstone design
course are often assumed to have better
outcomes than monodisciplinary capstone
students.
Indeed, recent studies suggest that students
who took the pluridisciplinary capstone
courses, regardless of major, were able to
produce solutions significantly better than
that of their monodisciplinary
contemporaries as measured by external
industry professionals.

EVALUATION

Curriculum evaluation is generally seen a
vital but challenging component of
measuring success. Some educators suggest
that while conventional evaluation panels
are inherently disciplinary in nature, the
evaluation of convergence proposals
necessitates greater diversity in panel
membership.
Any evaluation must consider how likely
pluridisciplinary coursework and/or research
proposals are to meet their scientific and
societal goals. This must not be at the
expense of eroding strong disciplinary
research.
Interaction with industry participants
including industry bodies can unveil a
number of insightful points. The way that
many advanced technology industries
operate reveals important dimensions of
work that need to be considered when
developing courses aimed at producing
graduates for these professions. Industry
representation on academic advisory boards
is a key element for maintaining the
modernity of curricula in rapidly evolving
fields.
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EXTERNAL CONTROLS

Four critical factors act as guiding controls
for the six-step sequence that comprises the
framework.

Cognitive taxonomy to
encourage thinking skills
A cognitive taxonomy that reinforces the
escalating notions of knowledge recall,
conceptual understanding, application and
execution, analysis and aggregation,
evaluation and creativity development is a
necessary element in most forms of learning
and teaching. The proper integration of
these aspects was seen as essential by many
interviewees. Although many instructors
already implicitly adopt this taxonomy into
their teaching methods, a conscious effort
towards learning activities using this
cognitive taxonomy can lead to the
development of a well-structured scope and
sequence. Addressing pluridisciplinary
program development through cognitive
taxonomy should be distinct from the
affective and psychomotor domains of
learning.

Behavioural indicators of
attitudinal change
How people learn from one another via
observational learning, imitation, and
modelling are important contributors to
pluridisciplinary learning. Much of the learning
that takes place in their classes is through the
observation by students of the instructor and
of others.
Students are more likely to engage in certain
behaviours when they believe they are capable
of executing those behaviours in a successful
manner.

Enhancing pluridisciplinary course development

Carefully conceived design for scope and sequence
Curriculum development and teaching in pluridisciplinary
fields cannot evolve in isolation from the progress made in the
institutions that advance their cause. Indeed, it cannot evolve
in isolation from the industry domain to which students wish
to apply their knowledge and advance their careers.
Graduates unable to meaningfully contribute
to their profession from a lack of crossdiscipline capability could be left behind,
unable to ever catch up. Educators suggest
that the scope and sequence of the course
must be carefully designed to allow the
realisation of convergence between
disciplines. However, any attempt to force
communities to converge in a contrived or
artificial way would invite failure.

Use of both discipline-based and
pluridisciplinary experiences
To achieve a synthesis across disciplines,
many of the interviews clearly stated that as a
primary goal a pluridisciplinary approach
must create teams of teachers and students
that enrich the overall educational
experience.
The benefits of a pluridisciplinary approach to
the student learning experience are that the
important combination of technical
competency with project management,
communications, and visualisation skills
allows graduates to present and
communicate the insights of their analysis to
stakeholders effectively.

WHAT’S NEXT? SUSTAINABILITY
AND DEVELOPMENT

A pluridisciplinary model must be
designed to mesh individual disciplinary
boundaries while satisfying student
outcomes.

An approach that follows this framework
could result in more robust
pluridisciplinary learning and teaching
structures, regardless of the field.

Using the above framework can provide a
measured approach to pluridisciplinary
program development that respects the
integrity of contributing disciplines while
ensuring that students develop their skills
in a consistent manner.

Addressing the complexity of delivering
learning and teaching methods for highly
integrated topics needs a simple and
comprehensive framework to ensure the
scope and sequence of activities is
appropriate, the content is sufficient and
necessary, behavioural change is
monitored and assessed, and the program
is validated and refined where needed.

Importantly, the framework assists in the
development programs that get students
‘work ready’ and capable of coping with
multifaceted problems in advanced
technology fields.
For instance, students working in
collaboration toward a pluridisciplinary
engineering design project should be
provided with an opportunity to engage
in teams, apply their knowledge, design
and conduct experiments, analyse and
interpret data, design systems,
components, or processes to meet
objectives, solve engineering problems,
understand professional and ethical
responsibility, communicate results and
design outcomes, and evolve the skills
necessary for engineering practice.

A valuable by-product of this process was
the ability for interviewees to deeply
reflect on their own approach to
pluridisciplinary course development.
Individual interviews with educators
helped enable them to become aware of
their own, previously implicit, thinking.
Some of the outcomes related to
advancement in the self-awareness of
educators were recorded in the interview
evaluation comments.
This ‘feedback loop’ was used to validate
the comments made in the original
interview to ensure the learning and
teaching behaviours of interviewees
matched their verbal responses.
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READING, RESOURCES, AND
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Discussion questions:
To use this vignette for
educational purposes
• Do emerging careers in technologyfocused fields coupled with necessary
graduate outcomes mandate the need
for a truly pluridisciplinary pedagogical
approach?
• What range of skills, knowledge, and
capabilities are needed to fulfil the
needs of data science graduates and
how might they be developed in a
way that does not bias a program
towards existing disciplinary
capability?
• How can educators and
employers work together to
improve the cohesiveness of
pluridisciplinary program
development?
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