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Preface
The theme of this vignette is the objective
validation of pluridisciplinary programs.
The other vignette in the series is on
pluridisciplinary course development using a
framework.

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. Emerging careers in
technology-focused fields 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
towards achieving a common objective.
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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 explores the use of an online
tool for the validation of units, courses, and
programs in data science to develop curricula
that addresses the needs of graduates while
maintaining the integrity of single disciplinary
knowledge.
This validation process is a feature of the
framework developed for pluridisciplinary
program design and was 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.
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‘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.’ (An
educator)
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INTRODUCTION

The process of extracting valuable insights
from data presents an enormous
competitive advantage for the business
community and the public sector. The
growing need for skilled data scientists to
generate insights from complex and
voluminous data generated internally or
consolidated from various sources has
motivated the development of a discipline
dedicated to the teaching of data science.
Much of the skill development among
analytics practitioners and data-based
decision support experts has been
conducted through in-house training, often
in a narrow domain using vendor-specific
technologies.

Vignette aims and objectives

This learning and teaching environment,
however, is unlikely to sustain the
production of practitioners furnished with
both fundamental data science skills and
the capacity to develop analytical tools for
the future. This emerging discipline requires
a structured approach in learning and
teaching that conveys the necessary
computational and statistical techniques
and aligns these with the capacity to apply
them in specific domains. A range of
tertiary-level data science programs have
attempted to fill this gap, but many of these
programs emphasise a single perspective
and nearly all are usually unintentionally
biased toward the instructor’s academic
discipline.

• Natural language processing





Educators: To assist with the validation of new and evolving
curricula in the area of data science.
Higher education: To develop consistent and robust curricula
for cross-disciplinary fields using objective validation tools.
Employers: To build confidence in the quality of
pluridisciplinary program development and an understanding
of graduate outcomes.

Keywords
• Pluridisciplinary
• Leadership
• Curriculum validation
• Evaluation
• Text mining

We demonstrate the use of an objective
test for data science curricula to quantify
whether a particular program maintains an
interdisciplinary perspective unconstrained
by single-discipline bias.
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DATA SCIENCE: THE EMERGENCE
OF A NEW FIELD

Recount of an interview with a
data science professor
There are many data science courses and in
fact a growing number of data science
programs to educate future data scientists.
Adding to this is the fact that many
disciplines, such as statistics, realise the
importance of including data science
concepts. However, there is not much
research reported on the best approach for
teaching data science courses, nor how to
test whether the program that has been
developed meets the needs of students.
One detailed interview with a data science
professor stated ‘I think that it is essential
for us to articulate the data science
processes required for one to do data
science. We must define the process that
includes acquisition, information extraction
and cleaning, data integration, modelling,
analysis, interpretation, and deployment.
Alternatively, we can approach the problem
from a slightly different perspective and
develop a data science workflow framework.
However, these have focused more on
describing what data science is rather than
how one should do data science in practice.
We don’t have a very good idea of how our
curriculum stacks up.’
In computer science subjects, it has been
well documented that there is much to gain
by using real-world, live projects. Within a
data science context, we define a live, realworld project as those that serve a real
client, with a real problem, where students
work with real data sets. As compared to
more general computer science courses,
there has been little documented in terms of
the viability of such projects within a data
science course.
An objective approach to curriculum validation in data science

In fact, the use of live real-world projects
has always come with a variety of
challenges, including supporting the project
once it is complete, providing secure and
safe access to large data sets, adjusting live
client expectations, and limiting the scope
of a project to the context of a single term
and within the learning outcomes.
Doing real-world client projects has a
positive impact on the class. It increases
student motivation during the class as well
as their interest in the field by enabling
them to work on real-world challenges
during the semester. The project enables
students to deliver value to organisations
during their first-semester ‘intro to data
science’ course.
While the use of practical examples greatly
assists with the level of student
engagement, educators really need to
understand whether the curriculum itself
satisfies the courses offered. What is most
useful is the availability of an objective test
for the data science curricula established by
the faculty to quantify whether a particular
program maintains an interdisciplinary
perspective unconstrained by singlediscipline bias and delivers the content as
intended.
The use of real-world projects combined
with a validated curriculum that assesses its
strengths and weaknesses is essential for
the evolution of data science as a discipline
in its own right.

PLURIDISCIPLINARY PROGRAM DEVELOPMENT

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.

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.

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.
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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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TYPES OF PLURIDISCIPLINARITY

There are four distinct forms of
pluridisciplinarity, as originally introduced
by Lattuca, Voigt, and Fath (2004):

Informed disciplinarity
Informed disciplinarity positions a program
within a single discipline while leveraging
content from other disciplines to expand
on concepts.

Transdisciplinarity
Transdisciplinarity occurs where a program
becomes a merger of theories and methods
from traditional disciplines that are in turn
applied to other disciplines.

Synthetic interdisciplinarity
Synthetic interdisciplinarity occurs where
programs are developed within an
originating discipline that importantly
maintains its identity in content and
method, even though content and method
can also be combined from multiple
disciplines.

Conceptual disciplinarity
Conceptual disciplinarity is where programs
are developed with a relatively loose
reference to other disciplines without any
strong emphasis towards a particular field
to form a new field established in its own
right.
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Data science curriculum validation
To date, data science has been delivered
under different academic guises and in
multiple formats. Although some institutions
offer comprehensive degree programs in data
science, others tailor individual courses to
students as part of a broader academic
program.
In contrast, some institutions prefer to
confine data science within computer science
departments, owing to its technical nature,
and do not view data science as an
interdisciplinary field at all. Other institutions
confine the teaching of data science to its
business school arguing that big data
techniques and machine learning have
greater applicability to business intelligence
than any other field.
Despite some institutions offering narrowly
defined data science programs within specific
disciplines, it is fair to say that the majority of
institutions regard data science as an
interdisciplinary field in its own right.
Regardless of the interdisciplinary approach
taken, the need to validate the level of
pluridisciplinarity achieved by a program is
important but is often subjective. The
development of pluridisciplinary programs is
necessarily accompanied by curriculum
documents, course notes, lectures, tutorials,
and assessments.
This information can be used to better
understand the true level of pluridisciplinarity
achieved by any given program.
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DATA SCIENCE CURRICULA

We identified five categories that cover the course
objectives in data science curricula. These categories
were derived from examining the breadth of existing
data science programs, input from corporate advisory
boards, and expert experience in data analytics.

These categories serve as the basis upon
which interdisciplinary depth is objectively
assessed to uncover sources of bias or
emphasis on a given course in data science.

Statistics
Graduates should master techniques in summary,
classification, and predictive analytics for both
structured and unstructured data, develop models of
data for analysis, understand pattern recognition, and
analyse data relationships.

Coding
Graduates must be familiar with modern open-source
programming languages to run data analytics and
master tools supporting essential data analytics tasks,
including extraction, cleaning, classification, or
prediction.

Data Visualisation
Graduates must learn high-level tools to visualise data
to gain insight into data relationships and
interpretation.

Machine learning
Graduates must be competent in devising complex
models and algorithms that can be combined into
predictive analytics algorithms in supervised,
unsupervised, and reinforcement learning
environments.

Applications and innovations
Graduates should appreciate the potential analytics
approach to solving business problems in a data-rich
environment and apply science and business principles
to analyse and interpret data using analytical and
computer-based techniques.
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CURRICULUM VALIDATION
USING NATURAL LANGUAGE
PROCESSING

We use natural language processing (NLP)
to test whether program objectives and
degree of disciplinary bias aggregate to the
level intended by the curriculum developer.
An NLP-based approach offers several
advantages over more qualitative or
intuitive-based strategies to identify
curriculum gaps:


First is the flexibility of the approach
to meet the individual institutional
needs. Once curricula have been
developed, different approaches and
query strategies to identify a specific
outcome can be implemented at a
relatively low programming effort
using standard database query
applications.



Second, as opposed to a more
qualitative approach, search
strategies can be monitored on a
prospective basis, which can
potentially identify gaps in the
curriculum while students are still
completing their program. This could
greatly facilitate near real-time
quality assurance processes.

An NLP–based search strategy is far
more scalable than manual abstraction,
potentially allowing surveillance over
the entire curriculum population rather
than on smaller samples.
Our approach assists with the
development of a data science
ontology through text-mining analysis
to validate the degree of
interdisciplinarity achieved by any
given program.
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THE E-TOOL IN USE

We collected information from academic
curricula in data science and big data
courses throughout the world for analysis.
We extracted the subject objectives,
overviews, and descriptions from 320
university-level subject curricula. We then
segmented the analysis into groups for
categorisation.
We confined our analysis to academic
curricula and did not extend it to course
content for ease of analysis, which assumes
the curriculum summary accurately
represents the curriculum content.
The word frequency analyser has been made
available as an online tool for independent
testing and by the university-level data
science fraternity. The tool was calibrated
using the above word frequency analysis
methodology applied to the 320 data
science courses. The resulting corpus served
as the full baseline against which data
science curricula can be compared.
We demonstrate the operability of the tool
using a data science major at a university
comprising four specialty subjects: data
science, business intelligence and big data,
digital transformation of business, and
advanced big data.
The data science program is housed in the
business school but is also freely available to
students enrolled in other disciplines. The
four subjects are each accompanied by a
comprehensive curriculum summary
document that can be used by students to
assess whether the subject meets their
career needs.
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Curriculum validation
The results reveal a number of important
insights:
 The variability in the strength of each
category varies greatly between subjects.
Machine learning comprises a heavy
focus in business intelligence and big
data but is relatively muted in the other
subjects, most probably a result of
machine learning techniques being
replicated in both
applications/innovations and statistics.
Nevertheless, the analysis reveals the
diversity in content across each of the
four subjects, which can be
independently assessed by academic
advisory boards or curriculum advisors.
 The diversity of categorisation across
each of the subjects allows better
alignment between the instructor and
their subject. This reveals that a teamteaching approach comprising two or
more instructors may be more applicable
for certain subjects where one instructor
is viewed as being insufficient.
 Validation of the full program is possible
by combining the curricula of each of the
four subjects into a single document,
which can be validated by the tool to
reveal balance or bias between
categories. The aggregate composition of
the data science program is relatively
strong in coding, statistics, and
visualisation and moderate in machine
learning and applications/innovations.
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UNDERSTANDING THE E-TOOL

The validation e-tool returns an easily
interpreted visual representation of the
relative strengths of a data science course
based on the curricula used for the
validation. Examples of the four subjects
along with the entire program are provided
here. Each subject that forms the data
science major is validated via the e-tool and
each combination of categories can be
examined to ensure each subject is focused
on the appropriate emphasis.

Validation of big data subject

This validation process serves as a useful aid
to course coordinators to ensure the
aggregate composition of a full course
meets the objectives of the program as
established by the university.

Validation of advanced big data subject

The rapid analysis provides immediate
feedback on potential biases or weaknesses
in a program. In addition, students shopping
around institutions for a program that
meets their career needs can employ the
tool to validate the quality of available
courses in their field of interest.

Validation of data science subject

Validation of digital business subject

An objective approach to curriculum validation in data science
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BENEFITS AND LIMITATIONS
The view of what is meant by big data, data
analytics, or data science is fragmented due
to its early evolution as a discipline in its own
right. The development of the discipline sees
it drawing on the expertise of existing
disciplines to advance new ideas and new
techniques that have been fully developed in
segregation as a new discipline.

New programs
Notwithstanding industry accreditation in
many courses, curriculum development is a
necessary component of this process. New
undergraduate and postgraduate programs
are introduced regularly, and they have their
own notions of what is meant by those
terms. They also have their own notions of
what students need to know to be proficient
in data-intensive work.

Core subjects
Although there might be limited agreement
on the composition of core data science
subjects, it is well recognised that training in
big data, data science, or data analytics
requires a multidisciplinary foundation that
includes at least computer coding, machine
learning, statistics, applications and
innovations, and visualisation. As we have
shown in this analysis, it is very difficult to
formulate a curriculum that adequately and
coherently addresses all five areas
simultaneously. Indeed, it is similarly difficult
to identify professionals and academics who
maintain expertise and skills in all five of the
same areas. Thus the problems with
curriculum development will persist until a
common set of widely held principles is
established.
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Algorithmic sensitivity
The approach does suffer from one major
limitation. Methods using phrase-matching
algorithms typically have a higher sensitivity
but lower specificity than an approach using
natural language processing in medical
studies. This may be applicable to the
identification of clusters of learning concepts
to offer a richer suite of terminology for
framing curriculum development.

Use of both discipline-based and
pluridisciplinary experiences.
To achieve a synthesis across disciplines a
pluridisciplinary approach must create teams
of teachers and students that enrich the
overall educational experience. Teachers
cannot operate in isolation from each other,
especially for highly integrated and sequential
programs like data science.
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WHAT’S NEXT? SUSTAINABILITY
AND DEVELOPMENT

This vignette introduced a text-mining
approach as an initial step for the
development of an integrated curriculum
for students engaged in interdisciplinary
programs.

We demonstrated the use of this
approach using the development of a
curriculum in data science, a field that
integrates techniques from several
disciplines.

We introduced a framework for the text
mining of curricula for the purposes of
subject development as well as various
functions for managing curriculum design
through the abstraction of document
manipulation and use of heterogeneous
text formats.

We further showed that the inductive
analyses of curriculum text data may also
address concept gaps that would not have
been identified through the normal
course of curriculum development.

This approach can assist educators to
design, implement, and adapt the
breadth and depth of a curriculum to the
required level unconstrained by singlediscipline bias. It also serves as a
validation tool for students to distinguish
between courses and subjects across
academic institutions, as well as
comparing university-housed courses
against online-delivery courses in this
field.

This approach has wide applicability to
course development in emerging fields of
inquiry that rely heavily on
interdisciplinary contexts.

This represents a shift to an authentic,
outcomes-focused approach to teaching
demonstrated in the design and
evaluation of assessment tasks. The study
revealed the need to focus future
pluridisciplinary course development on
the awareness of teachers as the first
step in moving towards collective
awareness across disciplines in the
treatment of pluridisciplinary themes.
This is best achieved through the use of
agile technologies and within the context
of advancing graduate employability.
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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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