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EXECUTIVE SUMMARY

In this report, we surveyed the bioscience community to inspire and inform next-generation
bioscience higher education to ensure graduates are prepared to tackle future problems,
from 2030 and onward.

We found that many institutions are already equipping bioscience graduates with essential
skills, but that there is room to improve when it comes to critical thinking, data analysis,
and dealing with uncertainty. These skills are also critical to enabling graduates to meet
new and emerging challenges and opportunities such as artificial intelligence (Al).

Many of the essential skills for bioscience graduates are highly transferable and shared by
higher education graduates from other disciplines.

Universities have a particular role to play in preparing the nation for its future: educating
people to think critically, to question, and to critique with the confidence to challenge and to
lead change as more is learnt.

The survey also underscored the practical nature of science. In-person practical education
experiences are fundamental to bioscience education.

We found that bioscience education of the future should comprise a hybrid model, based
on lessons learnt during the ongoing COVID-19 pandemic. Higher education should
combine practical, face-to-face learning on-campus with online delivery of content to
achieve the best bioscience education possible.

The survey also highlighted key challenges faced by the bioscience community. These
include a lack of awareness and appreciation of bioscience among the public (exacerbated
by social-media-fuelled misinformation), funding and job market concerns, and difficulties
engaging with decision-makers.

Analysing these challenges reveals the importance of qualities of our future diverse
bioscientists, such as interdisciplinary capabilities and effective communication with
different audiences.

Our vision is to strengthen our bioscience higher education programs and maintain
Australia’s excellence in bioscience through student-centred, real-world-focused education.
This report by and for higher education bioscience educators provides a roadmap of the
skills and experiences bioscience graduates need to achieve this future.
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TRANSFERABLE SKILLS

Bioscience graduates should be equipped with the following transferable skills:

critical thinking

problem solving
interdisciplinary teamwork
communication

advocacy

ability to cope with uncertainty

ability to engage with and understand the value of Indigenous Knowledges
and perspectives.

PRACTICAL RECOMMENDATIONS

Higher education bioscience teaching should:

1.

Use knowledge and experience gained from the COVID-19 pandemic to
reposition practical and hands-on learning experiences and student
engagement as an essential cornerstone of modern bioscience higher
education programs.

Use technology to strategically deliver content which does not displace
practical instruction but extends it.

Increase connectivity between industry and education institutions, to
improve employability outcomes for future bioscience graduates and to
better enable innovation.

Integrate more active learning pedagogies, including real-world learning and
authentic assessment and feedback.

Reposition student participation and engagement as central to all aspects of
university education, lifelong learning and academic culture.

Build and strengthen the connections between humanities and social
sciences, design, engineering, and medicine and health through new
interdisciplinary initiatives.
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INTRODUCTION

Science seeks to build knowledge through observation and experimentation in order to
understand and make predictions about the world around us. In particular, the biosciences
(short for biological sciences) strive to understand the living world. Bioscience fields of
study include biomedicine, biotechnology, biochemistry, genetics, ecology, evolutionary
biology, plant sciences, microbiology, molecular biology, and marine, freshwater and
animal biology.

Knowledge generated through science can subsequently be applied in many different
social and civic spheres for the betterment of humanity and the planet. For example,
knowledge from the biosciences can help us cure or prevent illness and disease, as well as
sustain and secure biodiversity on Earth.

Scientific knowledge can also be applied to wicked problems: social or cultural issues or
challenges that are inherently ambiguous, multilayered and evolve in unpredictable ways.
Prime examples of such problems include climate change, terrorism and pandemics.
These problems require complex solutions, often incorporating global interdisciplinary
cooperation and expertise. The path to overcome a wicked problem is characterised by
uncertainty and often profound multi-faceted change.

Society faces an ever-increasing number of complex challenges across agriculture,
biodiversity, climate change, energy, health, sustainability, education, and the economy.
These challenges are compounded by mis- and disinformation, low levels of scientific
literacy, and both public and political distrust of science. Science—including bioscience—is
critical in solving current and emerging global challenges.

The importance of bioscience in addressing global challenges is highlighted by the ongoing
COVID-19 pandemic, in which bioscientists have played an integral role as trusted expert
communicators. Skills such as leadership and social influence, critical thinking and
analysis, complex problem-solving, and uncertainty tolerance came to the fore.

The rapid shift to virtual teaching and learning in response to COVID-19 has also revealed
lessons about the teaching methods and learning environments that will best facilitate
bioscience education.

In the wake of the pandemic, it is timely to reflect on how we are preparing Australia’s
future bioscientists to tackle the challenges we face both as a nation and globally. What
skills will future bioscience graduates need in an increasingly complex and uncertain
world? How can we design bioscience education programs that equip students with the
knowledge and skills that will be essential? What gaps can we bridge to create a next-
generation bioscientist education framework? This report explores these questions, and
has been informed by a survey of, and consultation with, the bioscience sector.

This report was prepared by and for higher education bioscience educators. It aims to
identify opportunities and challenges for bioscience teaching in the coming decade and
provide a positive, introspective, and aspirational view towards the future.
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SURVEY OF THE
BIOSCIENCE SECTOR

In this report, we surveyed bioscientists, students, bioscience educators, community members, and
bioscience industry representatives from March to June 2021 about the current state of bioscience
education in Australia, and the future direction of bioscience education up to 2030.

Participants were recruited through bioscience societies, universities, and groups in the Australasian
region. The fields represented by participants include agriculture, pathology, environmental consulting,
bioinformatics, veterinary medicine, government, biopharmaceuticals, and biotechnology. The breakdown
of participants in each category is as follows: 134 students, 123 educators, 12 industry professionals, 5
from the broader community, and 16 participants who did not specify their role(s).

The survey included both qualitative and quantitative questions. For example, respondents were asked to
rank various aspects of current and future bioscience education on a Likert scale from strongly agree to
strongly disagree. The specific and open-ended questions in the survey can be found in Appendix 1.

The survey period coincided with COVID-19 lockdowns. It was also conducted prior to the release of
ChatGPT and subsequent focus on the potential impacts of generative Al on higher education.
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THE CURRENT STATE OF BIOSCIENCE EDUCATION

The essential skills for bioscience students include evidence-based reasoning; written and
verbal communication; presentation and statistical analysis of data; discipline-specific
practical skills; and overall scientific literacy (Figure 1).

These skills are largely in agreement with those sought by employers hiring bioscience
graduates. Communication, hands-on practical skills, the ability to work in interdisciplinary

teams, and critical thinking skills are all highly valued by potential employers across diverse
bioscience industries.

Figure 1: Survey results on the skills that national bioscience education
programs should include to prepare graduates for 2030.

The following skills are essential for students studying biosciences to develop:

Evidence-based reasoning 74%
Scientific communication (written) 76%
Practical/hands-on skills 72%
Scientific communication (verbal) 70%
Presentation of data 68%
Experimental design 67%
Statistical data analysis 63%
Communication techniques to 559
a variety of audiences
In-depth discipline specific knowledge 49%
Handling of large data sets 32%
Grant writing 2% 20%
Coding 2% 14%

M Strongly disagree [ Disagree

I Agree

M Strongly agree
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Perspectives on whether institutions are currently providing sufficient opportunities for

students to develop these fundamental skills are optimistic. Both educators and students

agree that institutions are providing sufficient opportunities to develop essential bioscience

skills, although more could be done regarding communication to a variety of audiences,

coding, and handling large datasets (i.e. big data) (Figure 2).

Figure 2: Survey results show that educators believe bioscience students
have fewer opportunities to develop skills in coding, handling large

datasets, and grant writing.

At my institution, students studying biosciences have an opportunity

to develop skills for:

Academics
Scientific communication 1% 4%
(written)
Presentation of data 3% 4%

Scientific communication

(verbal) 1 7%
Practical/hands-on skills 0% 8%
Statistical data analysis 3% 11%

In-depth discipline specific 0% 13%
knowledge
Experimental design 4%

Evidence-based reasoning 1% NEEARA

Communication techniques to

0,
a variety of audiences 36%

14% 40% A% 8%

20%

44% 1 21%

Coding
Handling of large data sets
57%

Grant writing 187% kA

M Strongly disagree [ Disagree [ Agree

Students

1% 6%

3% 7%

L 18% 48% 32%
3% 7% 58% 32%
4% BNAS 54% 25%

1% 10%

-~
14% 28% 44% 14%

39%  21%

6% 34%

20% 34% 32% 14%

M Strongly agree
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When it comes to transferable skills, educators and students alike believe there are
significant opportunities in higher education bioscience programs for teamwork, problem-
solving, critical thinking, and communication (Figure 3). Both groups place a high value on
an equal balance of work-ready skills versus deeper scientific knowledge. There are less
opportunities, however, to develop skills for coping with uncertainty, leading advocacy, and
engaging with Indigenous Knowledges and diverse ways of knowing. More than half of the
educators and students surveyed disagreed or strongly disagreed that students studying
biosciences at their institution have an opportunity to develop skills for understanding
Indigenous Knowledges.

Figure 3: Survey results show that both educators and students believe
their institutions offer opportunities to develop skills such as teamwork,
communication, and critical thinking. There are less opportunities for
advocacy, Indigenous Knowledges and coping with uncertainty.

At my institution, students studying biosciences have an opportunity
to develop skills for:

Academics Students

Teamwork 0% 12% 0% 13%
Problem-solving 1% 13% 3% 5%
Critical thinking i M17%  58% |23% 0% 8%

1
Communication 2% 13% 58% 27%

Coping with uncertainty 5% 47% 44% 4% Y 25% 57% 13%
Advocacy 1M1% 53% 34% k3 4% 38% 48% 10%
Indigenous Knowledges 6% 54% VIS 5% 25% 27% 35% 13%

M Strongly disagree [l Disagree [ Agree [l Strongly agree
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Close to two thirds of bioscience educators and students surveyed agree that graduates in
the biosciences are well prepared to engage with and solve emerging global challenges
(Figure 4). While results indicate that we can have some confidence in the preparedness of
bioscience graduates there is room for improvement.

Figure 4: Survey results show that bioscience students feel they are well
prepared to engage with and solve global challenges, while educators are
not so certain.

Graduates in the biosciences are well prepared to engage with and solve
global challenges (e.g. COVID-19, climate change, emerging issues)

Academic/Educator 5% 5%

Student 2%

M Strongly disagree [l Disagree |l Agree Ml Strongly agree

It is encouraging that students, educators, and When educators and students were asked
employers generally agree that Australian institutions what needs to be improved at their
are currently meeting expectations in teaching institution, they reflected on the need for

students essential bioscience skills. When educators
and students were asked what needs to be improved
at their institution, they reflected on the need for and
ongoing importance of in-person, practical and hands-
on experiences for bioscience students’ learning
experiences, job readiness, and wellbeing.

and ongoing importance of in-person,
practical and hands-on experiences for
bioscience students’ learning
experiences, job readiness, and wellbeing.

BIOSCIENCE 2023 Educating Australia’s future bioscientists 12



THE IMPACT OF THE COVID-19 PANDEMIC

Prior to the pandemic, bioscience educators were confident about how to teach effectively
and efficiently in the 21st century and how to train bioscience graduates with the
appropriate knowledge and skills for a multitude of possible careers. Multiple pedagogical
pathways and theories have been discussed nationally at bioscience education
conferences to achieve these outcomes, from the learning sciences,’ inquiry-based
learning,? concept inventories,® productive failure,* universal design for learning,®research-
led or research-informed teaching,® and uncertainty pedagogies.’

During prolonged lockdowns, bioscience educators across Australia reshaped higher
education to provide students with online opportunities to achieve their learning goals, in
both theory and hands-on laboratory-based knowledge. A diversity of strategies and
resources were used, with varying degrees of success.

The pandemic and the shift to online learning spurred by lockdowns has brought
significant challenges, such as the loss of essential experiential and practical learning.
However, the flexibility of asynchronous learning has also offered benefits. This forced
‘experiment’ in emergency remote learning provides a unique opportunity to align teaching
more powerfully with the needs of both students and bioscience employers.

There have been a number of commentaries on the difficulties, opportunities and long-
term consequences of COVID-19 on learning and teaching.8? For example, emergency
remote instruction is a poor substitute for laboratory-based disciplines that are central to
learning across nearly all bioscience fields.

This was echoed in the responses to our survey for this
report, in which we asked specific questions about the
impact of the COVID-19 pandemic on teaching practice
(for educators) and on the learning experience (for
students). The survey indicated that the rapid shift to
online teaching and learning was coupled with poor
satisfaction from both staff and students for some
activities (like practical laboratories that were moved online) and assessment and
feedback, especially online exams, which had technical difficulties or were proctored. Both
staff and students placed a high value on hands-on learning, thus reinforcing the need for
on-campus practical and experiential learning as an integral component of science
degrees.

Both staff and students placed a high
value on hands-on learning, thus
reinforcing the need for on-campus
practical and experiential learning as an
integral component of science degrees.

Indeed, emerging data suggests that critical skills required by bioscience graduates, such
as discipline-specific knowledge, communication, and hands-on problem-solving and
teamwork, are difficult to teach in an online environment and instead require face-to-face
social learning approaches.’®,",'2 Beyond formal learning, the on-campus experience is an
essential component of a well-rounded educational endeavor for many students.

However, there is also recognition by both staff and
students that some teaching and learning activities
were well suited to online and flexible delivery modes,
and potentially could lead to improved academic
outcomes when presented in this way. Educators have
subsequently upskilled in best practice use of
technology for delivery, resourcing, interaction and delivery of learning. As a result,
educators are now more creative and confident in the use of technology and are seeking to
maximise student learning benefits through flexible online teaching into the future.

... there is also recognition by both staff
and students that some teaching and
learning activities were well suited to
online and flexible delivery modes ...
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The survey showed that there is good alignment between student and staff preferences for
a hybrid learning model: a mix of online and face-to-face teaching.

THERE IS GOOD AGREEMENT BETWEEN WHAT EDUCATORS AND
STUDENTS LIKE AND DISLIKE MOST ABOUT THE MOVE TO REMOTE
TEACHING.

Most successful online activities:
Interaction via polling and o
Padlet boards °
Online discussion forum .
Pre-recorded video content °

>80% of staff will retain or try these
and >60% of students found them
helpful

for practicals
Pre-recorded lectures

Least successful online activities:

Online practicals

72% of staff will discontinue
Proctored online exams
56% of staff will discontinue

<20% of students found each activity
helpful

Figure 5: Survey results from educators and students on the teaching and
learning preferences in national biosciences education programs.

50%

45%

40%

35%

30%

25%

20%

Percentage of responses

15%

10%

5%

0%

My ideal mix of teaching format is:

4%
-

Online only Mostly online About 50:50 Mostly face All face to face
online:face to face to face
[ Academic/Educator Il Student
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Educators are evaluating the successes and challenges of flexible technology-enhanced
learning and online delivery, and deciding which practices and principles to retain, and
which we can do better without. For educators to assess this effectively requires a robust
evidence-based approach. Experts in the field of higher education are also currently leading
open discussions about what pedagogies should drive new forms of hybrid learning and
higher education institutions are using such discussions as a launching pad for new
policies on best-practice teaching for next-generation degrees.

A first step is to establish a rich body of evidence around whether students are engaging in
online content, and how. New data analytics tools allow us to track elements of student
engagement online to provide insights into how students are using content and hence
potentially tailor and individualise student learning offerings. Here, upgrades in
technological infrastructure will be critical to gather evidence and deliver modern high-
quality bioscience education programs.

When educators were asked what they will retain and discontinue, most said they would no
longer continue with online proctored exams or practicals, but would retain asynchronous
(pre-recorded) lectures (Figure 6). The challenge in this approach is to ensure that students
engage with the online content.

Figure 6: Survey results from educators on what they would retain, try and
discontinue after the COVID-19 pandemic in bioscience education
programs.

Which of the following features will you retain, try, or discontinue using?

Pre-recorded lectures Online interactive tools Class discussion forums
(e.g. Mentimeter and Padlet) (e.g. Piazza)

14%  17%

Pre-recorded video content Online lectures (live) Online tutorials (live)
for practicals

Online exams - open-book Online exams - proctored Online practicals (live)

¥ Discontinue M Try H Retain

BIOSCIENCE 2023 Educating Australia’s future bioscientists 15



BIOSCIENCE FACES CHALLENGES

Now that we are emerging from the rapid shift to online learning at the onset of the
pandemic, many questions remain about what the future of high-quality bioscience
eduction programs will look like, and what challenges lie ahead.

We asked survey respondents what they thought the greatest challenges are to bioscience.
The top five challenges were:

1. lack of funding for science

2. decision-makers (e.g. political leaders) not informed about bioscience research or
issues

3. quality and quantity of jobs for existing trained bioscientists
4. lack of advocacy for science funding

5. public’s lack of appreciation for bioscience.

These challenges are intertwined. While 65% of educators and students agree that
bioscience graduates are prepared for global challenges, under-appreciation and
subsequent lack of stable funding contributes to a deficit of quality bioscience jobs.
Without clear pathways to employment, talented individuals may leave bioscience. Without
a skilled bioscience workforce, Australia is vulnerable in the face of as-yet unforeseen
problems. Such considerations are essential underpinnings when considering the future of
bioscience education in Australia.
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IMPLICATIONS OF Al

Implications of Al for the future
of bioscience education

Next-generation higher education bioscience education programs will need to be able to adjust to and
prepare students to adapt to the emergence of new technologies that reshape the way we learn, teach and
work.

Since our survey of the bioscience community was conducted, generative artificial intelligence (Al) tools
became widely available to the public for the first time, with the launch of ChatGPT in November 2022. The
availability of generative Al tools like ChatGPT has forced the higher education sector to consider the
nature of academic integrity, research integrity, and assessment and how to best prepare students for a
rapidly changing work environment.

While public awareness of Al advancements has been heightened with wide access to generative Al tools,
this is just one aspect of a wider surge in the development of Al.

This chapter provides an initial exploration of the opportunities and challenges posed by Al for higher
education bioscience programs and its impact on various aspects of teaching and learning. While Al was
not specifically addressed in the survey, key skills highlighted in the survey, like critical thinking, will be key
to students’ ability to use and adapt to developments in Al.
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ARTIFICIAL INTELLIGENCE AND ITS APPLICATIONS IN
BIOSCIENCE

The CSIRO defines Al as “a collection of interrelated technologies used to solve problems
autonomously and perform tasks to achieve defined objectives without explicit guidance
from a human being”.”® Examples of these technologies are machine learning and natural
language processing. Generative Al, more specifically, encompasses a set of technologies
that have the “capacity to generate novel content, as varied as text, image, music and
computing code, in response to a user prompt”.’4

Future bioscience education programs will need to prepare bioscience students for the
ways Al may change how science is conducted. On one hand, generative Al tools may help
reduce the burden of preparing journal papers and grant applications. They also have the
potential to assist with tasks including brainstorming, code generation and debugging, and
science communication. However, Al has a wide range of potential applications in
bioscience beyond the current focus on generative Al. Developments in Al will impact how
science is conducted; for example, Al tools may speed up the rate at which scientists can
collect and analyse data. Specific examples of applications of Al in bioscience include
predicting the 3D structures of proteins, identifying animals from images collected from
motion-sensor cameras placed in natural habitats and accelerated advancements in drug
discovery, genomics, and diagnostics.™® Additionally, bioscience graduates need to be
supported to not just use Al tools but also identify, comprehend, and where possible,
manage potential risks and challenges associated with the use of Al to conduct science
such as the generation of biased or false data, plagiarism, and irreproducible research.

EQUIPPING STUDENTS WITH THE KNOWLEDGE AND
SKILLS THEY NEED

The results of our survey of the bioscience sector indicate key skills for bioscience
education to target, many of which will also enhance students’ ability to effectively engage
with Al, including critical thinking, evidence-based reasoning, problem-solving, teamwork,
and tolerance of uncertainty. For example, new developments in bioscience research
applying Al technologies may require graduates to work in multidisciplinary teams with
computer scientists and Al experts. While a bioscience graduate will primarily bring their
domain expertise to this work, it is critical they are also effectively able to engage with Al
tools and experts. Core skills including critical thinking, communication and teamwork will
be key to this as well as specific content to enable Al literacy.

These core skills and Al literacy need to be embedded and comprehensively scaffolded
across all years of a degree program so that students can progressively advance and
develop these capabilities.

With human oversight and specialised domain input, including that which bioscience
graduates can offer, Al tools have the potential to contribute to meaningful advancements
in science.’® Bioscience students need education programs that support the skills and
knowledge to effectively contribute to and harness these advances for science and society.

NEW WAYS OF LEARNING AND TEACHING

In addition to changing what skills and knowledge students need to learn, Al has the
potential to change how bioscience is taught. Al tools may provide methods to enhance
learning and teaching. For example, Al tools may be used to provide personalised text-
based tutoring. Al tools also have the potential to reduce the administrative burden on
educators, for example by assisting with grading student work and providing student
feedback on interim or early drafts of work.
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IMPLICATIONS FOR ASSESSMENT AND ACADEMIC
INTEGRITY

The implications of generative Al for assessment and academic integrity have emerged as
key areas of concern in the higher education sector following the release of ChatGPT.
Generative Al tools challenge the reliability of traditional take-home written assessment
tasks. Conversely, if Al is used to support the marking of assessments other validity issues
may be introduced in the marking process through embedded biases.

This issue has multiple dimensions, including detecting and defining breaches of academic
integrity and ensuring that assessment adequately captures a student’s level of ability. In
this context, assessments may need to be reformulated to reduce the risk of academic
misconduct and new policies and procedures developed. Some assessment tasks may
also explicitly call for the use of Al tools.

ACCOMPANYING ETHICAL CONSIDERATIONS

While detailed exploration of the ethical dimensions of Al and their governance is beyond
the scope of this paper, it is important that they are acknowledged in the design of
education programs related to Al and Al teaching tools, as well as explicitly in the content
taught to students. Key concerns and considerations in relation to Al include environmental
impacts, human rights impacts, privacy concerns, and misinformation and disinformation.

Concerns in the context of education include ensuring equity in access to Al tools if they
are integrated into or expected to be utilised as a part of learning and assessments and
addressing privacy issues related to the adoption of Al tools in education.

AN AGILE APPROACH TO EDUCATION

As with the rapid shift to virtual online learning environments due to the COVID-19
pandemic, education providers have had to rapidly adjust their approaches, policies and
procedures in response to generative Al. Bioscience educators are already experimenting
with new ways to integrate generative Al into teaching. For example, embedding prompting
and critically engaging generative Al outputs as assessment tasks.

This is a rapidly evolving space and will require agile responses and a willingness for
educators to learn, adapt and re-evaluate how they teach. However, the essential skills for
bioscience students which should underpin future bioscience education are only reinforced
by the growing availability of Al tools. Critical thinking skills, communication, and the ability
to work in interdisciplinary teams, all highlighted in our survey, will be critical for bioscience
graduates entering an Al-enabled workforce.
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OUR VISION

Australia’'s bioscience
community in 2030

Imagine it's 2030: Australia is globally recognised for fostering thought leaders and innovators in
bioscience. Australian-trained bioscience graduates demonstrate exceptional skills, enthusiasm and
ethics. They are resilient, excellent communicators, can advocate for critical policy in areas such as
Indigenous health, and reflect the diversity of the nation. Our national bioscience education program
produces graduates that are job-ready for fields as diverse as allied health, medicine, research and
biomedical engineering.

While they’re sought after globally, our bioscience graduates often remain in Australia, where a robust
national bioscience industry is thriving. University researchers regularly work with industry professionals
and decision-makers to better Australian communities, the country, and the planet.

Australia is well-placed to achieve this vision. Our research and education training programs are among the
highly ranked on a global scale, and our country has diverse strengths in bioscience innovation and
emerging capabilities in translation to industry.

To ensure that Australia can continue to produce exceptional bioscience innovators, it is necessary to
further support and build on these impressive capabilities. In the face of deepening global challenges and a
protracted period of economic austerity ahead, what should a well-resourced bioscience education
program provide?
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ESSENTIAL SKILLS AND QUALITIES

Higher education institutions are already developing bioscience students' essential and
transferable skills. The survey data provides a valuable roadmap of graduate attributes for
bioscience education to target.

Such skills include self-managed learning, evidence-based reasoning, scientific
communication, 'big data’ management, interdisciplinary teamwork, in-depth discipline-
specific knowledge, critical thinking, understanding of Indigenous perspectives and ways of
knowing, social influence, leadership, resilience, and tolerance of uncertainty. Many of
these also enhance graduates’ ability to effectively engage with Al

Survey results suggest that particular attention should be paid to skills in data analysis,
critical thinking, and problem-solving for increased employability of graduates.

Bioscience education should be comprehensively scaffolded across all years of a degree
program to support students in progressively developing and advancing these skills
throughout their degrees, rather than in isolated courses.

TRANSFERABLE SKILLS OF BIOSCIENCE GRADUATES TO MAINTAIN
AND ENHANCE

e (Critical thinking

e Problem solving

e Interdisciplinary teamwork
e Communication

e Advocacy

e Coping with uncertainty

e Engaging with and understanding the value of Indigenous Knowledges and
perspectives

Teaching complexity and uncertainty

The pandemic has emphasised how important it is for bioscience education to foster the
capacity and skills to cope with uncertainty.™ As our world becomes more complex, the
levels of uncertainty also rise. This is the so-called super complex world, as described by
Barnett:'® a world in which science- and bioscience-based disciplines are well placed to
deal with these complexities.

Some, but not all, current bioscience pedagogies are equipping our future graduates with
the skills to become effective bioscientists in this most certainly uncertain world, but the
outcomes are patchy. Previous studies of Harvard graduate students by Perry in the
1960s and Schommer'® in the 1990s provided evidence that as students progress in their
learning they start to see knowledge as less deterministic, more uncertain and complex,
and more integrated across sub-disciplines in biosciences.’?° Perhaps the time has come
to develop a formal pedagogy of uncertainty, adapting those already discussed in the
literature®’ and implemented in undergraduate research projects.
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CASE STUDY 1: FINDING TREASURE: WHAT ARE STUDENTS
LEARNING FROM UNDERGRADUATE RESEARCH EXPERIENCES?

The Australian National University, University of Western Sydney and University of
Canberra undertook a project with the title ‘Teaching research: Evaluation and
assessment strategies for undergraduate research experiences’ (TREASURE). This
project evaluated student thinking around research experiences in both a final
semester capstone unit as well as independent research units. More than 60
students kept a reflective blog of their learning in these research experiences. It was
encouraging to observe that the entire cohort demonstrated appropriate use of
standard scientific research processes. However, few of the students in the
capstone unit were able to extend their understanding to encompass the concept
that science knowledge and processes can be uncertain, complex and
indeterminate. This is of concern in the context of the newly articulated threshold
learning outcomes in science, in particular: ‘Demonstrate a coherent understanding
of biomedical science by articulating the methods of science and explaining why
current scientific knowledge is both contestable and testable by further inquiry’. This
observation suggests that we may be overestimating our expectations of the level of
learning achieved in current undergraduate research experiences. This in turn raises
the question of whether we are satisfied that many of our graduates do not attain
this threshold standard?

Case studly provided by Professor Pauline Ross (University of Sydney).

Communication, advocacy and diversity

Funding and job-related challenges highlight the need for bioscience graduates who can
bridge the science-policy gap, extending their spheres of influence into government. By
making themselves visible and accessible to decision-makers, bioscientists can provide
sound science advice that influences policy.

This is indeed a significant departure from the current norm—a transition from scientists
perceived as simply ‘men in white lab coats’ to a modernised view of diverse, inclusive,
collaborative cross-disciplinary communicators.

Bioscience professionals also need to be effective communicators. The COVID-19
pandemic has shown that parts of society distrust or misunderstand science. Bioscientists
can play a role in combatting waves of damaging misinformation propagated through
social and traditional media and promoting critical thinking and scientific literacy across
society.

Australia’s bioscience workforce needs to be capable of working across many different
stakeholder groups. As such, future bioscience graduates themselves must include and be
representative of people with diverse backgrounds, capabilities and interests. We must
enhance access to opportunities for a range of students to study, research and work within
the biosciences.

Modern bioscience education needs to recognise the value Indigenous people and
Indigenous Knowledges bring to bioscience teaching, create safe and positive learning
environments for Indigenous students, and embed opportunities for all students to
genuinely engage with Indigenous Knowledges. Our survey identified this as an area
requiring improvement. Over half of educators and students surveyed disagreed or strongly
disagreed that there were opportunities for biosciences students to develop skills for
understanding Indigenous Knowledges at their institution.
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A HYBRID DELIVERY MODEL THAT BUILDS ON
LESSONS LEARNT DURING COVID-19

PRACTICAL RECOMMENDATION 1

Higher education bioscience teaching should use knowledge and experience gained
from the COVID-19 pandemic to reposition practical and hands-on learning
experiences and student engagement as an essential cornerstone of modern
bioscience higher education programs.

The COVID-19 pandemic has highlighted the strengths and weaknesses of remote and on-
campus study. Now, we must implement the lessons learnt from COVID-19 to take the best
from the online and on-campus experiences and create a new and robust hybrid model of
teaching and learning.

At the higher education level, educators should engage and collaborate with students to
co-create transformative learning experiences. To achieve this, institutions must prioritise
the recruitment and retention of talented teaching specialist staff and educators able to
deliver a student-centred learning experience.

There is widespread acknowledgement that the COVID-19 pandemic has crystallised the
value of practical experiences that foster collaboration and teamwork, as well as problem-
solving skills. These skills are embedded in learning, whether in the laboratory, field, or
workshop. Institutions require sufficient infrastructure and facilities to support and sustain
opportunities for on-campus hands-on learning in small, team-based groups.

Using technology to deliver content strategically

PRACTICAL RECOMMENDATION 2

Higher education bioscience teaching should use technology to strategically deliver
content which does not displace practical instruction but extends it.

The survey results show that many students and educators found value in some online
learning, and preferred a hybrid model of delivery. Disciplinary expertise can be effectively
delivered online asynchronously; however, student learning is exemplary when
asynchronous delivery is paired with opportunities that foster collaboration and allow
students to skilfully construct new understandings from and with one another in face-to-
face activities. Therefore, there is room to integrate online, self-paced modules—in a way
that does not displace the practical instruction but rather extends it. Technologies which
are accessible and can be integrated into a bioscience context, such as coding, are also
strategically important to embed in education programs.?? This is because graduates face
a future where handling big data and coding will be a critical skill—and as our survey found,
this skill is challenging for students. Similarly, there are emerging opportunities to embed
Al tools and content to better prepare graduates to work in the context of these emerging
technologies.
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While technology adds value to subject delivery and assessment to students and staff, it
also requires bolstered professional development resources to sustain a high-quality
student experience. Evidence from studies across the globe indicates the significant issues
of staff burnout because of emergency remote instruction. Faculty redundancies and
declines in student numbers post pandemic may have the consequence of decreased
support and changed workloads for educators. High-quality hybrid course design requires
resources including expert technological support and improved professional development
pathways to aid in managing new workload demands.

Real-world learning

PRACTICAL RECOMMENDATION 3

Higher education bioscience teaching should increase connectivity between industry
and education institutions, to improve employability outcomes for future bioscience
graduates and to better enable innovation.

Teaching and learning through the pandemic has demonstrated that online video
resources, such as interviews, panel discussions and other community and industry
interactions, are exemplary methods to incorporate employability skills and work-
integrated learning into bioscience programs. Efforts to further solidify and embed industry
and community connections should be supported and enhanced. There is also a
compelling opportunity to use the pandemic, and other contemporary issues like human
diseases associated with climate change, to enhance the real-world focus of our
bioscience degrees. Incorporating contemporary issues into teaching provides multiple
benefits for bioscience education: assisting students in seeing the relevance of their
degree; engaging them with the inherent uncertainty of science; and promoting critical
thinking and use of evidence.

Authentic assessment and feedback

PRACTICAL RECOMMENDATION 4

Higher education bioscience teaching should integrate more active learning
pedagogies, including real-world learning and authentic assessment and feedback.

Assessment tasks should be matched to learning that develops and measures analytical
and critical thinking skills. Feedback on competencies and capabilities should also be
designed to reflect authentic contexts. Assessment and feedback should be delivered in a
way that better supports an inclusive learning environment for students from low socio-
economic and culturally and linguistically diverse backgrounds.
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CASE STUDY 2: VIRTUAL TOURS IN HUMAN BIOLOGY

Engagement with learning activities is difficult to achieve at scale, especially in a
remote learning environment. Many of the 550 first-year human biology students at
The University of Sydney see the medical science program only as a gateway to
studying medicine. To broaden student appreciation for medical science and
encourage reflection about broader applications of their medical science degree, the
university offered virtual tours of the Chau Chak Wing Museum. This is a facility built
to co-locate many of The University of Sydney’s collections. A 360° camera and
3DVista© software were used to reconstruct the museum in virtual space. The
virtual tour comprised 30 artefacts, including mummified remains from the Egyptian
collection, Jericho skull, and anatomical clastic model, a taxidermied thylacine, and
other items of historic medical science interest, such as a prototype anti-gravity suit.
Navigation of the tour is intuitive to anyone who has used Google Street View. The
pointer-driven interface also allowed attachment of resources and relevant
informational and research suggestions to each artefact.

That local and remote students had an identical experience of the collections meant
that all students were able to engage positively with an activity that was not
demanding. Most students reported a newfound understanding of how medical
science uses historical models to advance our understanding, especially response to
disease.

3D virtual experiences are becoming popular for asynchronous learning, notably for
workplace induction. This is also a relatively inexpensive, easily developed and
deployed option for online teaching in the medical sciences, especially in laboratory
demonstrations, and readily modified for application in other disciplines.

Case study provided by Dr Craig Campbell and Matthew Sellwood (University of
Sydney).

FURTHER INITIATIVES

Fostering student engagement with university life, learning and culture

PRACTICAL RECOMMENDATION 5

Higher education bioscience teaching should reposition student participation and
engagement as central to all aspects of university education, lifelong learning and
academic culture.

A major impact of the pandemic was an increase in student stress levels and a concurrent
decrease in student engagement. Remote learning impacted the wellbeing of many higher
education students and made them feel isolated and stressed, which was exacerbated by
the loss of income from casual jobs during lockdowns. Most universities have reported
increased use of student mental health support services during the pandemic and have
increased investment in critically important student mental health and wellbeing resources.
Returning to a culture where students spend time on campus and engage with the entire
university experience will undoubtedly take some effort to re-establish, but will benefit
student wellbeing, skills development and academic performance.
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Students need to be introduced and immersed in the value of on-campus experiences, and
strategic, well-designed experiences, both those linked to course learning outcomes but
also to student social and wellbeing priorities, should be central in all return-to-campus
planning. Attention should additionally be focused on block timetabling of experiences and
extracurricular activities that can help students more efficiently organise their time on
campus to accommodate necessary off-campus commitments, such as caregiving and
working. Creating an engaging on-campus community means prioritising student health
and wellbeing and creating meaningful reasons for students to value their campus
community.

Connecting bioscience to other disciplines for a holistic perspective

PRACTICAL RECOMMENDATION 6

Higher education bioscience teaching should build and strengthen the connections
between humanities and social sciences, design, engineering, and medicine and
health through new interdisciplinary initiatives.

Integrating bioscience with other disciplines (including humanities and social sciences, arts
and design, and engineering) can grow awareness of the biosciences to new audiences
and enhance the diversity of the bioscience community. For example, bridging the arts and
science—a shift from STEM to STEAMM (science, technology, engineering, arts,
mathematics and medicine)—can improve critical thinking, engender empathy and
tolerance and, perhaps most importantly, build resilience.?® As Radziwill asserts, STEAM
“provides a non-judgmental space to cultivate the question-making aspect of inquiry, the
ability to comfortably hold uncertainty, and a sensitivity to the process of discovery” %

Integrating aspects of arts education into bioscience education can be a first step towards
inspiring creativity and intuition in students.?>?® Formalising this interconnectedness
through the establishment of specific courses can already be seen across Australian
universities, such as in the University of Melbourne’'s Contemporary Art and Biomedicine
(see Case Study 3) and the Australian National University's Exquisite Corpse — Insight into
the Human Body. Public-facing initiatives can foster alternative approaches, such as the
Australian Network for Art and Technology, which focuses on the collaborative potential of
art and science by hosting artists in residence within Australian research organisations.

CASE STUDY 3: CONTEMPORARY ART AND BIOMEDICINE

Contemporary Art and Biomedicine: Looking Making Thinking is a fully online
University of Melbourne subject taught via podcast, in which students deepen their
understanding of how biomedicine issues can be represented creatively. Each
element of the course is grounded in the understanding that contemporary art
provides a unigue access to understanding and articulating some of the most
pressing biomedical research concerns of our time. In-depth discussions with
leading biomedicine and contemporary art researchers about cancer, non-binary
personhood, stem cells, chimera and post human, death and mortality, respiration,
consciousness and the brain immerse students in an innovative and artistic
consideration of human experience.

Case study provided by Dr David Sequeira (University of Melbourne).
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CONCLUSION

Our adoption of new ways of learning and working has not only been accelerated by the
COVID-19 pandemic, but has also highlighted inequities, challenges and opportunities in
the way we teach bioscience in higher education. This report combines findings from
educators, students and external stakeholders to develop a holistic vision for bioscience
higher education as we approach 2030.

Bioscience education will thrive if we continue to focus on a student-centred approach,
with the practical on-campus experience being one of collaborative discovery and
exploration through co-creation and knowledge exchange. As Einstein famously wrote, “All
religions, arts and sciences are branches of the same tree”. Mutual integration of
bioscience with the arts, humanities, design and engineering will not only provide our
students with the skills and capabilities to work in interdisciplinary ways, but also create a
more fertile and fulfilling workplace for our educators. We also need to help our students
feel more comfortable with uncertainty in this less certain world, practise critical thinking,
and be confident with data analysis and coding. Such skills will enable our students to
meet new challenges, for example in using generative Al to enhance, rather than replace,
learning.

In parallel, we need to be strategic and proactive to ensure that our voices are heard at the
political level, in industry, and among the general public. Finally, higher education leaders
must recognise the diversity, resourcing and infrastructure that is required for excellence in
higher education institutions.

In 2015, the then Australia’s Chief Scientist Professor lan Chubb AC FAA FTSE said, “We
need graduates who will be curious, nimble and not constrained by the narrow confines of
the particular discipline they focus on today. Graduates who will see opportunity in
challenge and be quick to react. Graduates who understand the value of values.” These
words remain as powerful as ever as the world faces many global challenges requiring
outstanding and capable bioscience graduates as part of the solution.
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APPENDIX 1: SURVEY QUESTIONS

General questions (all respondents)
¢  Which of the following groups do you most closely associate with? [Single

select]

Academic/Educator
Student

Industry
Community

e How well do you think bioscience is valued by: [Scale: Not at all valued;
Undervalued; Valued; Very Valued]

the general community

political leaders in Australia
world leaders

the media

young people (<18 years of age)
university leadership

e What do you see as the greatest future challenge in the biosciences? Choose
up to 5 options. [Multiple select]

Decision-makers (e.g. political leaders) not informed about biological
research or issues

Lack of funding for research

Public’s lack of appreciation for biology

Rejection of evolution as the central tenet of biology
Quantity and quality of jobs for existing trained biologists
Lack of advocacy for science funding

Failure to educate non-majors to engage in a lifelong appreciation of
biology

Lack of support for biologists to spend time on teaching or community
outreach activities

Fragmentation of biological disciplines

Decreasing science coverage in popular media

Issues with scientific data—access, raw data publication, disclosure
Lack of people entering biological fields for employment

Biology majors are not prepared for biology careers

Lack of diversity in academic leadership

Others (Please specify) [Open text]

o If you want to expand on your answer, please comment here. [Open text]

e Graduates in the biosciences are well prepared to engage with and solve global
challenges (e.g. COVID-19, climate change, emerging issues). [Single select]

Strongly disagree
Disagree

Agree

Strongly agree

BIOSCIENCE 2023 Educating Australia’s Future Bioscientists 30



Questions for academics/educators only

e At my institution, students studying biosciences have an opportunity to develop
skills for: [Scale: Strongly Agree; Disagree; Agree; Strongly Agree]

Coping with uncertainty

Critical thinking

Communication

Problem-solving

Advocacy

Understanding Indigenous Knowledges
Teamwork

e How regularly do you update your curriculum to include contemporary
bioscience issues (e.g. COVID-19, climate change, emerging issues) in your
teaching? [Single select]

Every semester

Every year

Annually

Biennially (every 2 years)
Never

Not applicable

Other [Open text]

e My ideal mix of teaching format is: [Single select]

Online only

Mostly online

About 50:50 online:face to face
Mostly face to face

All face to face

e Which of the following online learning features have you used in the past?
[Scale: Used pre-COVID-19; Adopted for COVID-19; Never]

Online lectures (live)

Online tutorials (live)

Online practicals (live)

Pre-recorded lectures

Pre-recorded video content for practicals

Online interactive tools (e.g. Socrative/Mentimeter questions, Padlet
boards)

Class discussion forums (e.g. Piazza)
Online exams — proctored

Online exams — open-book

Other (please specify)
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e Which of the following online learning features will you retain, try or discontinue
using? [Scale: Retain; Try; Discontinue]

Online lectures (live)

Online tutorials (live)

Online practicals (live)

Pre-recorded lectures

Pre-recorded video content for practicals

Online interactive tools (e.g. Socrative/Mentimeter questions, Padlet
boards)

Class discussion forums (e.g. Piazza)
Online exams — proctored

Online exams — open-book

Other (please specify)

Questions for students only

e At my institution, students studying biosciences have an opportunity to develop
skills for: [Scale: Strongly disagree; Disagree; Agree; Strongly agree]

Coping with uncertainty

Critical thinking

Communication

Problem-solving

Advocacy

Understanding Indigenous Knowledges
Teamwork

e Which of the following online learning approaches do you feel aids your
learning? [Scale: Not helpful; Helpful; Not Used]

Online lectures (live)

Online tutorials (live)

Online practicals (live)

Pre-recorded lectures

Pre-recorded video content for practicals

Online interactive tools (e.g. Socrative/Mentimeter questions, Padlet
boards)

Class discussion forums (e.g. Piazza)
Online exams — proctored

Online exams — open-book

Regular quizzes

Essays and reports

Other (please specify)

e My ideal mix of learning format is: [Single select]

Online only

Mostly online

About 50:50 online:face to face
Mostly face to face

All face to face
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e How important is face-to-face contact for your effective learning? [Single select]
— Not at all important
— Slightly important
— Very important
—  Extremely important
e How important is laboratory/field-based experiential learning? [Single select]
— Not at all important
— Slightly important
— Very important
—  Extremely important
e Graduates in the biosciences are well prepared for employment. [Single select]
— Strongly disagree
— Disagree
— Agree
— Strongly agree

Questions for academics/educators and students
e The following skills are essential for students studying biosciences to develop:
[Scale: Strongly disagree; Disagree; Agree; Strongly Agree]
— Statistical data analysis
— Presentation of data
— Coding
—  Experimental design
— Practical skills/hands-on skills
-  Scientific communication (written)
- Scientific communication (verbal)
— Communication techniques for a variety of audiences
— Grant writing
— Evidence-based reasoning
— Handling of large datasets
— In-depth discipline-specific knowledge
e At my institution, students studying biosciences have an opportunity to
develop: [Scale: Strongly disagree; Disagree; Agree; Strongly Agree]

— Statistical data analysis

—  Presentation of data

— Coding

—  Experimental design

— Practical skills/hands-on skills

- Scientific communication (written)

- Scientific communication (verbal)

— Communication techniques for a variety of audiences
— Grant writing

— Evidence-based reasoning

— Handling of large datasets

— In-depth discipline-specific knowledge

¢ One thing that is done well in bioscience education at my institution is: [Open
text]
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¢ One thing that needs improvement in bioscience education at my institution is:
[Open text]

¢ How well do you think undergraduate bioscience curricula are keeping up with
the demands of contemporary society? [Single select]

—  Very poorly
—  Poorly

- Well

- Very well

e What do you see as the greatest future challenge in the biosciences? Choose
up to 5 options. [Multiple select]

— Public’s lack of appreciation for bioscience
— Quantity and quality of jobs for existing, trained bioscientists
— Lack of advocacy for science funding

— Lack of support for biologists to spend time on teaching or community
outreach activities

— Fragmentation of biological disciplines

— Decreasing science coverage in popular media

— Issues with scientific data access, raw data publication, disclosure
— Lack of diversity in academic leadership

— Decision-makers (e.g. political leaders) not informed about bioscience
research or issues

— Lack of funding for science

— Failure to educate non-majors to engage in a lifelong appreciation of
bioscience

— Rejection of evolution as the central tenet of biology
— Lack of people entering biological fields for employment
— Bioscience majors are not prepared for bioscience careers
-~ Others [Open text]
o If you want to expand on your answer, please comment here. [Open text]

e What should be the balance of focus between bioscience graduates being
trained for work and employment versus deeper scientific knowledge? [Single
select]

— Mostly deeper scientific knowledge
— Equal balance
— Mostly employability skills
e Please provide reasons for your answer. [Open text]

Questions for industry only

e How important is it for graduates to have had hands-on in-person
lab/field/practical experience? [Single select]

— Not at all important
— Slightly important

— Very important

—  Extremely important

e When hiring a bioscience graduate, what is the most important skill you seek?
[Open text]

e What industry are you employed/do you work in? [Open text]
e What level is your position? [Open text]
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Demographic information (all respondents)
e Whatis your highest level of qualification? [Single select]

— Lessthan Year 12 or equivalent
— Year 12 or equivalent
— Certificate |
—  Certificate |l
—  Certificate |l
—  Certificate IV
— Diploma
— Advanced Diploma/Associate Degree
— Bachelor Degree
— Bachelor Honours/Graduate Certificate/Graduate Diploma
— Masters Degree
— Doctoral Degree
—  Prefer not to say

o If applicable, how many years since your PhD conferral (adjusted for career
disruption)? [Single select]

— >byears
— 5-15years
— >15years
e What age are you? [Single select]
- <18
- 18-24
- 25-34
- 35-44
- 45-54
- 55-64
- 65-74
- 75-84
- 85-94
— 95andover
e Gender: How do you identify? [Single select]
- Male
— Female
— Non-binary
- Not listed [Open text]
—  Prefer not to say
¢ Which best describes your usual geographical location? [Single select]
—  Metropolitan
— Regional
—  Rural
e Do you identify as being of Australian Aboriginal and/or Torres Strait Islander
origin? [Single select]
- Yes
- No
—  Prefer not to say
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