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ABSTRACT

A new hub-and-spoke (H&S) model for restructuring the traditional biological science curriculum is
presented here. The H&S model emphasises the integration of sub-disciplines of biology and the
integration of biology with other scientific disciplines. In this model, traditional undergraduate courses
that include both theory and a stand-alone laboratory component are replaced with discovery-based
research courses that act as the hub, servicing discipline-specific theory-only courses, which act as the
spoke. The hub course includes an immersive laboratory experience, aimed to integrate all the spoke
components that the hub unit serves. The H&S model also offers an opportunity to develop a new
framework that will support active pedagogies such as inquiry-based and open-ended problem-based
learning, where students work in groups to solve challenging problems and build their capacity to
design and implement approaches to undertake their own investigation, thus enhancing students
critical thinking as well as generic skills. Overall, this model offers higher interdisciplinary biological
laboratory skills, and an integrative understanding of scientific projects thus enhancing the graduate’s
employability. This curriculum model may be easily adapted for other branches of science, given the
interdisciplinary nature of all sciences and the R&D innovation sector.

Keywords: biological science, biomedical, curriculum, laboratory skills, multidisciplinary

education, practical skills.

Introduction

Two hundred years ago, Louis Pasteur famously declared that, ‘Without laboratories,
scientists are soldiers without arms’, underpinning the laboratory’s key role in scientific
innovation. Modern biomedical science advances have become ever more reliant on
discoveries that are undertaken following laboratory experimentation. Therefore, it is
imperative that we constantly revisit the science curricula to align the laboratory training
of undergraduates with modern research requirements, learning outcomes and graduate
attributes. A closer examination of the current undergraduate science curricula, reveals
that laboratory components and their intergradation into subject material lag behind
industry requirements and require modernisation."™ In the past, science was often
divided into distinct disciplines, with researchers working within their specific areas of
expertise. However, as biomedical research has evolved over the last two decades, it has
become clear that solving many of the complex problems plaguing society will require a
more integrated and multidisciplinary approach. For example, developing new vaccine
requires the input from a range of professions not limited to biochemists, immunologists,
microbiologists and clinicians.

Therefore, a fit-for-purpose, tertiary biological science education curriculum must
align with current practices that emphasise interdisciplinary collaborations to solve
intractable societal problems.>® This will involve a shift from predominantly educating
students using a disciplinary-focused curriculum towards a more interdisciplinary peda-
gogy,” with an emphasis on replacing standard undergraduate laboratory courses with
discovery-based experimental research courses.®

This new biology pedagogy involves firstly, the integration of the sub-disciplines of
biology and secondly, the integration of biology with other scientific disciplines. This
paper outlines a plan to restructure the traditional biological science curriculum into a
hub-and-spoke (H&S) model, designed to enhance teaching undergraduate student’s
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interdisciplinary biological laboratory skills (the hubs)
while providing deeper learning of theoretical discipline-
specific knowledge in the spoke courses (Fig. 1).

H&S biology curriculum is designed to
provide deeper lab and concept learnings for
students

A molecular biology hub lab skills course servicing several
biochemistry, genetics and microbiology, discipline-specific
courses will be used here as an example of a full-time study
semester or trimester load in the redesigned H&S curriculum
model. However, for students studying part time, the H&S
science curriculum model can be equally effective, since the
full semester and trimester hub lab skills course contains all
of the learning material required for the successful comple-
tion of the lab course, independent of the theory-only
courses that deepen discipline-specific knowledge. The pre-
dominant science curriculum model used in universities for
teaching these subjects is a traditional curriculum (Fig. 1a),
which include dedicated disciplines, with stand-alone prac-
tical laboratory sessions for each discipline with minimal
multidisciplinary integration. However, when students are
taught using a traditional, silo linear curriculum they are
less likely to understand the interdisciplinary nature of
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science opportunities in their degrees.
(b) The proposed H&S curriculum in which
the student laboratory sessions have been
removed from each of the second- and
third-year theory-only courses that are ser-
viced by a specific hub lab skill course.
This H&S science curriculum is expected
to provide undergraduate students with
multi-disciplinary ~ experimental  science
learnings designed to simulate industry lab-
oratory workflows, which when coupled
with authentic assessment, may provide
enhanced vocational training for science
graduates compared to a traditional science
curriculum.

/

biological science in the contemporary innovation sector®
and speak a common scientific language.® The H&S biology
curriculum model may overcome these limitations by allow-
ing students, enrolled in the theory-only spoke courses to
deepen their discipline-specific concept knowledge. When
several of these spoke courses are serviced by a single,
interdisciplinary hub lab skills course with an industry-
relevant, problem-based, authentic assessment pedagogy
the student has the opportunity to apply their learnings
from different theoretical subjects (spokes) (Fig. 1b).
Therefore, the capacity to integrate knowledge and modes
of thinking in different disciplines to produce a cognitive
advancement, using biochemistry, genetics and micro-
biological knowledge are captured by the molecular biology
lab skills hub course in the biochemistry strand.

Immersive laboratory experience

Essential to the success of the integrative hub unit is an
immersive laboratory component, aimed to simulate real-
world scientific projects that integrate all the spoke compo-
nents that the hub unit services. In the molecular biology
exemplar, an experimental component may include metabolic
engineering of a microbial strain for an industrial process,
followed by extraction and biochemical characterisation of
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one of the enzymes of the engineered pathway and the micro-
bial characterisation of the engineered strain. The inclusion of
this block experience rather than a collection of sessions is
imperative for students’ sense of real-world scientific research
in a commercial or academic workplace. This immersive lab-
oratory component will be placed in the middle of the semes-
ter or trimester, allowing sufficient time for students to design
the project before implementing it in the lab and sufficient
time for follow-up analysis and writing of the project.
Students will work in teams with different team members
taking leadership on different aspects of the project.
Therefore, spiral learning opportunities from the hub lab skills
courses in the H&S curriculum could collectively be used as
pre-requisites for a capstone student research course to further
prepare students for success in graduate research degrees or
for entry into the workforce.

Learning objectives, skills and assessments

In designing a model that aims to increase student entry into
the innovation sector, we must first define employability and
the main factors that influence it. This has been discussed in the
literature at length (e.g. Quinlan and Renninger 2022,° Boden
and Nedeva 2010,'° Sarkar et al. 2020'! and references
within), with a general agreement that realistically, it is
unreasonable to expect that new graduates will have all the
knowledge, skills and abilities required of them in the work-
place. However, generic skills such as an awareness of their
strengths and limitations, as well as graduate attributes of an
attitude to continue situational learning, communication and
team-working are important facets to conceptualise employ-
ability.'>'* Indeed, studies of science graduates in the UK
demonstrated that graduates valued generic skills higher than
subject knowledge.'" A recent study examined the perspectives
of science academics at an Australian and British universities
regarding the promotion of generic employability skills in the
subjects they teach.'’ The study demonstrates that, although
the traditional curriculum emphasises analytical skills, generic
employability skills such as leadership, flexibility or adaptabil-
ity, commercial awareness, and information and communica-
tion technologies (ICT) skills are often neglected.'’

The H&S model offers an opportunity to develop a new
framework that will support active pedagogies such as
inquiry-based and open-ended problem-based learning,
where students work in groups to solve challenging prob-
lems and build their capacity to design and implement
approaches to undertake their own investigation. Using
real-world scenarios, students will acquire the knowledge,
skills and competencies that are most valued by employers.

One of the key strengths of such a H&S biological sciences
curriculum model is that both traditional and authentic
assessment tasks can be utilised to monitor student knowl-
edge, analytical skills and generic skills. For example, stu-
dents studying in the theory-only, discipline-specific spoke
courses can be examined using the more traditional assess-
ment tasks such as invigilated exams, oral presentations and
essays. By contrast, the assessment tasks used in the inter-
disciplinary lab skills courses can be more representative of
the types of activities undertaken by researchers in the R&D

innovation sector and highlight skills like team-work and
leadership as well as analytical and critical thinking skills.
Using the molecular biology lab skills course as an exemplar,
authentic assessments may include tasks such as project
design, in silico plasmid design, microbial strain engineer-
ing, definition of a research proposal, as well as the prepa-
ration of statutory regulation applications (e.g. ethics
applications and student attendance at an ethics committee
meeting), writing mock funding applications using pilot
data generated in the wet lab sessions of the lab skill courses
and quantitative data analysis skills for scientific writing.
Hence, redesigning a traditional biological sciences curricu-
lum from a traditional to an H&S model provides an oppor-
tunity to expose students to a more diverse range of
traditional and authentic assessment opportunities to hone
their skills for success in the innovation R&D sector.

Logistical considerations associated with
implementing a hub-and-spoke science
curriculum

When designing the hub lab skill courses, it is important to
acknowledge that there will be a significant financial, aca-
demic workload and time costs associated with the design and
establishment of these courses. Therefore, academic leaders
need to account for these costs and provide enough time,
resources and teaching relief to academics for course develop-
ment and curriculum redesign. Secondly, the scalability of
student labs needs to be considered. For example, the experi-
ments that worked in student lab sessions that were
embedded within discipline-specific courses that had fewer
enrolments may not necessarily work when these same experi-
ments are scaled-up into hub lab skill courses with more
enrolments because they simultaneously service more stu-
dents from several spoke theory-only courses. Moreover, as
part of establishing the hub lab skills course, the university
may have to commit funds upfront to purchase the necessary
laboratory equipment to run these larger scale hub lab skill
courses. However, if the curriculum and the hub lab skill
courses are designed sustainably the initial setup costs should
be offset by the reduced running and academic workload costs
associated with running these courses. Collaboration between
academics and learning designers to develop high quality
learning materials that will be required to support effective
student learning, which is especially important for part time
student success or for students who study the hub lab courses
out of sequence. It is anticipated that the hub lab skill courses
will enable the removal of laboratory experiments from indi-
vidual discipline-specific courses and therefore provide teach-
ing efficiencies that are expected to have positive effects on
academic, technical officer and student workloads, while pro-
viding enhanced educational outcomes for undergraduates.

Is experiential learning limited to ‘hub’ units?

Proponents of this model may argue that students might be
disadvantaged by the disconnect between the theory and its
laboratory application.'® In addressing this argument, we
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distinguish practical application and laboratory-based appli-
cation, with the understanding that practical application can
be provided outside the laboratory settings and be used to
reinforce theory content.’® The recent COVID-19 pandemic
accelerated the splurge of creativity and ingenuity in the
development of online and remote teaching resources, cre-
ated in a very short timeframe. There are ample examples in
the science education literature demonstrating the benefits
of online or remote resources and the merits of using these
resources long after the social restrictions were lifted. One
specific example that has been developed at the University
of New England includes gamified 2-D online lab simula-
tions,'® produced to enhance deep learning of theory con-
cepts by science students, resulting in better learning
outcomes.'”"'® Another is the development and the imple-
mentation of a Microbiology at Home (M@H) curriculum,
aimed to provide laboratory-like experience in microbiology
in a home environment using an M@H consumables home
kit, interactive simulation, online resources, and lecturer
guidance (G. Winter and N. Ketheesan, unpubl. data). We
believe that there is an overwhelming case for the rational
integration of interdisciplinary laboratory practicals into a
H&S format for subjects to extend the learning opportunities
and outcomes of undergraduate biological science students.
Moreover, this curriculum model may be easily adapted for
other branches of science, given the interdisciplinary nature
of all sciences and the R&D innovation sector.

Conclusions

The current tertiary biological science curriculum needs to
be modernised to align with the contemporary inter-
disciplinary approach to scientific experimental research
as well as current technologies and demand for flexibility
in the tertiary education sector. This H&S model has the
capacity to provide deeper learning of theoretical discipline-
specific knowledge in spoke courses, while enhancing inter-
disciplinary biological laboratory skills in hub lab skills
courses. Overall, the H&S curriculum approach is an effec-
tive solution to provide students with critical thinking skills,
generic skills and a common scientific platform for future
interdisciplinary research. However, the design and initial
establishment costs of implementing a H&S curriculum need
to be carefully considered by the academic leadership.
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