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CONTEXT

Collaboration and interdisciplinarity are at the heart of Biomedical Engineering, a field that
spans engineering, medicine and biology. Biomedical engineers may be expected to work with
health professionals to identify solutions to address patients’ healthcare needs or collaborate
with companies to design and manufacture medical devices. To ensure that biomedical
engineers are agile interdisciplinary professionals, they need to have experience with
interdisciplinarity within their curriculum. While this responsibility rests on higher education
institutions, this task is challenging, especially for a field traditionally concerned with depth
over breadth.

PURPOSE OR GOAL

We executed an exercise intended to contribute to the breadth of a biomedical engineering
curriculum and increase interdisciplinarity to encourage students’ learning mobility across
biomedical engineering disciplines, including biomechanics, biomaterials, and
bioinstrumentation.

APPROACH OR METHODOLOGY/METHODS

A graduate school of Biomedical Engineering adopted a backward co-design mapping
exercise at an Australian university to assess an existing curriculum in which interdisciplinarity
is an increasing priority. This involved four coursework and five postgraduate research
students with diverse biomedical engineering backgrounds. Thematic analysis was used to
analyse the written MS Teams contributions and the digital artefacts produced by the students
during five co-design sessions facilitated by the second author of this paper.

ACTUAL OR ANTICIPATED OUTCOMES

Findings show that students produced a comprehensive curriculum map for interdisciplinary
curricular development. The curriculum map demonstrates (i) opportunities for intentionally
designed interdisciplinarity in the curriculum, (ii) genuine pathways to higher-level electives,
and (iii) a career journey from high school to graduate employment.

CONCLUSIONS/RECOMMENDATIONS/SUMMARY

These results reveal that students’ backward co-design mapping is a promising approach to
curriculum development. It enables students to play an active role by inquiring about the
curriculum and jointly imagining ways to improve it. Within the context of this study, their
involvement contributes to co-constructing a narrative missing from the existing biomedical
engineering curriculum.
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Introduction

Numerous challenges spanning societal, healthcare, economic and technological domains
have emerged in today’s society, posing disruptive, multi-faceted and open-ended problems
(Fritzsche et al., 2020; Patrick et al., 2022). These problems, often ill-structured, wicked, or
complex (Schuelke-Leech, 2020), do not have one clear solution path and one identifiable
solution. Instead, their lack of clarity in the aims and objectives increases their vagueness and
complexity, necessitating a fundamental reconsideration of the conventional role and
responsibilities of engineers (Van den Beemt et al., 2020).

Engineers, as problem-solvers, are no longer required to work with the depth of their
knowledge through a pre-established deductive and analytical approach to break down a
problem and identify a potential solution (Schuelke-Leech, 2020). By contrast, the stratified
and multi-faceted complexity of today’s problems demands engineers to develop knowledge
breadth, defined as the “exposure to a range of engineering topics (across specialisations) as
well as some other supporting professional skills and non-technical courses” (Alpay, 2013, p.
31), and leverage collective knowledge and expertise from different disciplines to create
positive change and excel in an interdisciplinary environment.

This does not spare biomedical engineers concerned with enhancing healthcare and
improving people’s lives by developing innovative solutions based on interdisciplinary
collaboration with other experts, including scientists, biologists, healthcare professionals, and
other engineers. For biomedical engineers to be able to become interdisciplinary professionals
with the ability to operate within (depth) and beyond (breath) the boundaries of their
disciplines, biomedical engineering education changes are imperative. This suggests the
pressing need to surpass academia’s traditional discipline-oriented and siloed nature to
promote an interdisciplinary approach to learning. Despite the challenge, this responsibility
rests on higher education institutions, which need to undergo a structurally significant change
to cultivate and nurture a new generation of well-rounded and interdisciplinary biomedical
engineers (Lattuca et al., 2017) with technical knowledge and analytical skills alongside
professional skills, including creativity, communication, leadership and project management,
ethical standards, flexibility, resilience and agility (Terenzini et al., 2007).

With this in mind, this paper presents a backward co-design exercise executed with biomedical
coursework and postgraduate research students to increase interdisciplinarity and contribute
to the breadth of an engineering curriculum by encouraging students’ learning mobility across
biomedical engineering disciplines, including cell technologies, biomechatronics, digital
biology and biosensing. We argue that a backward co-design exercise holds promise for
interdisciplinary curriculum development and for students to demonstrate their interdisciplinary
understanding while spotting their disciplines’ strengths and weaknesses, capabilities and
limitations.

Within this context, we pose the following research question: What kinds of insights can a
backward design approach offer on an existing biomedical engineering curriculum? This paper
first defines two key concepts — interdisciplinarity and co-design. It then provides an overview
of the literature on interdisciplinary curriculum development co-design initiatives. We illustrate
the research context and the methodological design and then describe the comprehensive
curriculum map produced by the students. We close the paper by discussing the findings and
outlining the strengths and limitations of this study.

Interdisciplinarity and co-design practices

Interdisciplinarity has garnered increasing attention and sparked extensive debates over the
past two decades. Scholars have offered various definitions and interpretations, contributing
to its evolving understanding (Lattuca & Knight, 2010; Lattuca et al., 2017). Lattuca et al.
(2017) remark that interdisciplinarity is a process and an outcome. As a process,
interdisciplinarity refers to a series of steps to answer a given question, solve a problem or
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address a topic that is too broad and complex to be solved by a single discipline or profession.
As an outcome, as intended in this study, interdisciplinarity synthesises various disciplinary
knowledges and methods, achieved through interaction, integration and collaboration, which
play a crucial role not only in tackling contemporary challenges and driving innovation
(Markauskaite & Wrigley, 2022) but also in co-design practices.

Co-design is a participatory approach that engages end-users in the design process to ensure
the relevance and usability of the outcomes (Sanders & Stappers, 2008). Involving diverse
perspectives, knowledge, and expertise in the design process is critical to achieving innovation
and creating solutions that align with the needs and aspirations of the intended users. Within
the context of this study, we adopt Steen’s (2013) definition of co-design, which is a
collaborative “process of joint inquiry and imagination in which diverse people jointly explore
and define a problem and jointly develop and evaluate solutions” (pp. 27-28).

The link between interdisciplinarity and co-design lies in their shared objective of harnessing
collective intelligence and expertise. Both emphasise collaboration and diverse perspective
integration and seek joint problem-solving. Interdisciplinarity provides the necessary
framework for diverse disciplines to come together, while co-design methods facilitate
meaningful stakeholder engagement throughout the design process. Together, they enable
the exploration of complex problem spaces, the generation of innovative solutions, and the
promotion of advancements spanning social, environmental, technological and educational
environments.

Related Work

Within the field of education, interdisciplinary studies, driven by diverse motivations and
purposes, have witnessed the extensive engagement and collaboration of a wide range of
stakeholders, including academics, alums, postdocs, undergraduate students, and industry
partners. While a comprehensive overview of the nature of interdisciplinary studies falls
outside the scope of this study, our region of interest is to understand how interdisciplinary
curriculum development manifests in co-design approaches within engineering disciplines.

Chasteen et al. (2015) conducted a research study centred around course transformation with
science faculty from seven different departments and discipline-based postdoctoral education
specialists. While they developed learning goals, identified students’ difficulties and created
assessment materials, the absence of graduate students’ involvement can be of significant
concern considering their critical role in interdisciplinary collaborations (Ma, 2020). To further
emphasise this point, a recent PhD dissertation by McCance (2021) on interdisciplinary
collaborations between STEM and education revealed that the limited participation of graduate
students as collaborators warrants further investigation. Indeed, McCance noted that faculty
primarily served as major collaborators - as expected- for their roles of principal investigators
on grant-funded projects, their direct involvement with teaching and learning and university
reform implementations. These observations are consistent with the “2020 Vision” report
(Lattuca et al., 2014), which remarked on the scarcity of formal opportunities for students to
work with their peers from other engineering disciplines. Such limited interactions restrict the
potential for interdisciplinary collaboration among students within the engineering domain.

Similarly, a systematic literature review by Horn et al. (2023) analysed 11 existing inter- and
transdisciplinary higher education programmes. The study found that in only three of these
programs, students were involved in the joint framing, the initial stage of a co-design approach,
encompassing research definition and preparation. Notably, Horn and colleagues remarked
that a lack of students’ involvement in the early stage of a co-design project hinders their
training opportunities in inter- and transdisciplinary co-creation. The small number of studies
engaging students can be controversial when successful stories of curriculum co-creation
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promote the role of students as partners as a sustainable and practical way to produce
engaging curricula (Darestani et al., 2022).

With these factors in mind, our study aims to address this gap. By recognising our students’
vast knowledge, understanding, and expertise in the school’s subjects and contents of
biomedical engineering, we sought to offer them the formal opportunity to contribute to
curriculum development by leveraging their disciplinary expertise and skills as well as their
opinions, values and perceptions, as valuable academic members. The subsequent section
of this paper will delve into the specifics of our approach.

Methodology

This internally funded project was conducted at a graduate biomedical engineering school in
a large metropolitan university in Australia. Several gaps had been identified in the current
biomedical engineering curriculum, including (i) a need for on-ramp processes to facilitate
seamless entry, (ii) a lack of cohesion in course offerings and timings, and (iii) repeated
introductory content in several higher-level electives. The assessment of an existing
biomedical engineering curriculum, with a particular focus on interdisciplinarity, had the
ultimate aim to (i) propose on-ramp introductory and interdisciplinary courses covering
fundamental key concepts, (ii) develop clear and deliberate educational and career pathways
through the curriculum, and (iii) streamline courses to prevent content repetition and excessive
overlapping.

An expression of interest email was sent to all coursework and postgraduate research
students enrolled in a biomedical engineering program at our university. We recruited students
to create a diverse cohort (e.g., gender, discipline of study, and stage of study). Table 1 offers
an overview of the diverse biomedical engineering profiles and backgrounds of coursework
(n=4) and postgraduate research students (n=5).

Table 1: Overview of the participants’ profiles

Variable Coursework | Stage of Study Postgraduate Research
Gender
Women 1 2
Men 3 3
Engineering Discipline
Chemical 1 4" year 1
Computer Science and 1 15t year 0
Engineering
Electrical 0 2
Material 1 4" year 1
Mechanical 1 4" year 1

The co-design exercise recognises diverse stakeholders’ expertise, skills and contextual
knowledge (course work and postgraduate research students). It aims to foster collective
creativity and collaborative knowledge development by enhancing a product (a biomedical
engineering curriculum). Our co-design initiative was inspired by a backward co-design
approach (Wiggins & McTighe, 2005), in which students engaged in a process that iteratively
moved backwards and forward in time. They first started with ‘what is’ to understand what had
already been done and then looked forward to exploring ‘what could be done’. This forward-
looking perspective involved harnessing their imagination and envisioning alternative
solutions and approaches.

This co-design study consisted of five face-to-face sessions - an initial two-hour introductory

session, followed by four one-hour fortnightly follow-up sessions- facilitated by this paper’s
second author from October to December 2022. These sessions were supplemented with
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iterative between-session exchanges on a private MS Teams channel, which was created as
a primary mode of interaction to ensure the participants’ effective communication and work
progress but also for data management. During the introductory session, participants had the
opportunity to introduce themselves and gain insights into the current challenges of a
biomedical engineering curriculum. Additionally, the aims, the nature of activities, and the
expected workload (i.e., four-hour weekly commitment) were outlined. The first session
concluded with a pair-based exercise that required the students to identify biomedical
engineering courses relevant to their respective undergraduate disciplines. The first and
second follow-up sessions focussed on discussing the backward mapping of existing courses.
The third delved into the backward mapping of proposed electives of the students’ choosing.
The final session revolved around a design activity where students were encouraged to design
their program.

Data collection and analysis

The data for this study was collected using the written contributions on MS Teams and the
digital artefacts (mind maps) produced on Miro, a digital collaborative platform. These
methods allowed for comprehensively capturing the participants' ideas, discussions, and
visual representations throughout a backward co-design process. MS Teams enabled the
students to contribute their thoughts, feedback, and reflections in a written format, which, as
primary data, were analysed using thematic analysis by adapting the following stages of (i)
familiarisation, (ii) generation of initial codes, (iii) searching, (iv) review and (v) naming of
themes as outlined by Braun and Clarke (2006). First, written contributions via Teams were
carefully and iteratively read to develop familiarity with the data and gain general insights.
Second, initial codes of relevant segments of data were generated with the research question
in mind. Third, upon examining the codes, some of them clearly fitted together into a theme.
For example, several codes revolved around the curriculum-industry relatedness. Hence, we
collated these into an initial theme: curriculum design and future work opportunities. Fourth,
each broad theme was collectively reviewed, to ensure coherence. Finally, each theme was
named.

The use of Miro allowed the participants to create and share visual artefacts such as diagrams
and curriculum maps. These were treated as secondary data and added richness to the data
providing additional insights into the participants’ co-design activities. Integrating these two
data collection techniques offered a rich dataset incorporating textual and visual elements,
facilitating a thorough analysis of the co-design outcomes.

Findings

From the data analysis of the written MS Teams contributions and the digital artefacts
produced on Miro, several key findings were identified, and three themes emerged:

1. intentionally designed interdisciplinarity in the curriculum,

2. genuine pathways to higher-level electives, and

3. a career journey from high school to graduate employment.

Intentionally designed interdisciplinarity in the curriculum

The students demonstrated a strong inclination towards intentionally designed
interdisciplinarity in the curriculum. In a disciplinary mapping exercise, figure 1 illustrates the
interrelationship between the biomedical engineering courses being offered (i.e., BIOM9640).
It showcases students’ efforts to establish connections between prerequisite topics (in purple),
intended as ‘what is needed’, to move to the following course (i.e., BIOM9650), in line with the
fundamental outcomes (in blue), aiming to minimise potential overlap.
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Figure 1: Disciplinary mapping of biomedical engineering courses, with pre-requisite topics
and course learning outcomes

The students displayed awareness of the limitations inherent in their disciplines, recognising
the necessity for interdisciplinary integration. As evidenced by a postgraduate research
student's comment, they sought input from individuals with different backgrounds,
demonstrating a commitment to ensuring the comprehensiveness and effectiveness of the
curriculum. This aspect is illustrated in the following comment:

I had a look over the mapping of the modelling/physics-oriented branches. These look good to
me as well as the mechanical branches; however, | am not familiar enough with the mechanical
concepts to know if anything else could be added/changed or if any other MECH/BIOM courses
overlap with these sub-topics. It would be greatly appreciated if someone with a mechanical
background could quickly look over the mechanics branches of the course.

Genuine pathways to higher-level electives

The students established clear pathways to higher-level electives (Figure 2) to provide
biomedical engineering students with a high-quality and consistent educational experience
and promote transparency in elective selection. As a postgraduate research student stated:

This initiative aimed to counteract a prevailing student culture where electives are chosen
because they are convenient, familiar, and ‘easy’ but not necessarily out of interest and

enthusiasm.
High School Level 1 Level 2 Useful Knowledge
HSC Physics 1%t Year Physics CEIC2001 - Fluidand  CEIC2002 - Heat and | Diffusion | — !
Y (PHYS1211) Particle Mechanics Mass Transfer ! Convection | — |
! Fluid Dynamics and |
HSC Maths 15204 Year Math CEIC2005 - qhem:cal : B’;‘;‘:’:;‘:Z ; ' BIOM9311
(Ext 1(?)) MMAI;:;F;; ::;1/;13:::‘/240189 Reaction Engineering | Organ structure/Function b EMass Tmnsfe,3
’ PHSL2121 - Physiology 1A T ' ! in
andequivalent T EEEEER R ' Medici
More bio focused course i Experimental Design | — | cine
Into dialysis, nutrient |Experimental Techniques | — |
transfer process in the body COMSOL | — |

(not just on the
modelling/physics)

BIOM9420 Clinical
Laboratory Science

Figure 2: Pathway mapping from high school to electives

Students emphasised the need for electives to form cohesive and comprehensive modules to
shape a well-versed biomedical engineering graduate. One postgraduate research student
stated:
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Progress through these modules builds on key concepts whilst also developing highly
competent and adept engineers to work in various biomedical fields.

A career journey from high school to graduate employment

The students’ mapping exercises underscored the significance of linking biomedical
engineering courses to future employment opportunities, as depicted in Figure 3. The students
recognised the value of explicitly highlighting to potential biomedical engineering students how
their courses relate to industry-relevant prerequisite knowledge and their future careers.

Secondary UNSW UNSW Biomedical
Education Undergrad. Biomedical Sector

Medical Devices

Chemistry L i BIOM9660 _~ Pharmaceutical
MATH1131 —» MATH1231 —— > BIOM9640 Ly BIOM9650 4 BIOM9711 \ Research

Maths Ext 1 T A b ___/+ " and Teaching
ELEC1111 —» ELEC2134 ——» ELEC2134 >+ BIOM9621 44» > BIOMOO027 ———— 7 | Institutions

Physics ——» PHYS1121 — PHYS1231 ———— BIOM9811 —4— —=—————————=> Hospitals
— NELEC3115 < P A

COMP1511 —— L+ BIOM9450 ————— — ————> Biotechnology

Module 1 Module 2 Module 3

Figure 3: High-school mapping to graduate employment

One coursework student remarked the following.

I would like to link all of the courses | have back mapped to industry relevant prerequisite
knowledge so that we can let students know that BIOM courses will be preparing them in some
way for getting hired or work.

By emphasising this connection, biomedical engineering students would better understand
how their coursework would prepare them for employment. This finding suggests the
awareness of biomedical engineering students of the practical applications of their studies,
and their desire (especially for those in their fourth year of their degree who had completed
their placement) to ensure that their curriculum is aligned to the various demands of the
industry.

These findings indicate that students' insights and efforts contribute to co-constructing a
curriculum that promotes interdisciplinary thinking, enhances students’ preparedness for the
industry, and fosters a more thoughtful approach to elective selection.

Discussion and Conclusion

This study adopted a backward co-design approach and explored the contributions of students
with diverse biomedical engineering backgrounds engaged in assessing and developing an
existing biomedical engineering curriculum with a focus on promoting interdisciplinarity.
Despite the inherent complexity and challenges of designing an interdisciplinary curriculum,
the findings showed that students generated a comprehensive curriculum map demonstrating
intentional interdisciplinary design. Notably, the exercise helped the students tell a story of all
the courses combined. It also facilitated their critical and relational thinking, enabling them to
identify disciplinary gaps and limitations and propose ways to address them (Van den Beemt
et al., 2020).

By establishing genuine pathways to higher-level electives, the study offered the opportunity

to initiate a discussion on the importance of striking a balance between breadth and depth in
engineering education. This intentional and initial shift from knowledge building to skill
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development and application is expected to support students’ professional skill development
(Alpay, 2013) and equip them to face issues beyond the field of engineering (Judson et al.,
2015; Lattuca et al., 2014).

Interestingly, the reconstruction of a learning pathway from high school to graduate
employment cannot be separated by the ultimate objective of any graduate: industry
employment. This may point to the need for (i) a best practice curriculum, (ii) high-quality
exposure to engineering practice, and (iii) effective delivery by educators who possess
expertise in educational best-practice and contemporary engineering practice (Male & King,
2019). The backward co-design approach empowered students to voice their needs and
fostered the co-construction of a narrative absent from the biomedical engineering curriculum
through joint inquiry and exploration.

This study suffers from several limitations - a small sample size and a limited number of
students within the same discipline. Consequently, the findings may not be representative of
the broader student population. Hence, future studies could be undertaken with a larger and
more diverse sample to enhance the generalizability of the findings. Despite this, co-design
results in a promising process for fostering meaningful curriculum enhancement by
emphasising students’ voices, consultation, and collaboration since the initial stage of co-
design. Additionally, co-design could prove invaluable when engaging industry partners in
curriculum co-design endeavours. The approach developed in this study proposes guidance
to higher education institutions interested in joint curriculum development.
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