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Introduction
In
science,
technology,
engineering,
mathematics and medical (STEMM) discipline,
one in three students graduate with a PhD,
with the number of annual PhD completions
doubling each year in most Organisation for
Economic Cooperation and Development
(OECD) countries1. Although many will start
off as postdoctoral researchers, PhD
graduates still hugely outnumber the demand
for postdoctoral researchers. And those that
successfully attain this position are quickly
thrown into a harsh climate of ‘publish or
perish’2. As our world continues to grow
scientifically
and
technologically,
our
communities need to become more literate in
these fields to successfully compete within a
knowledge-based economy. Universities are
responding with a push towards skills
development in doctorate programs, through
the integration of transferable skills and a

move to mainstreaming doctoral research
portfolios.
For many years, the majority of science PhD
graduates were able to quickly find a faculty
position after completion of their studies.
Nowadays, only 14% of biological sciences
PhDs attain tenure five years after
graduation3. In addition, those pursuing an
academic career face a significantly prolonged
career pathway to independence. In the USA,
the National Institute of Health (NIH) in 2005
reported that new PhD investigators do not
receive their first R01 (Investigator) grant until
they are over the age of 403. These systemic
changes appear to influence graduate
students interests in research careers, which
declines with their training progress. In the
end, many recent graduates pursue careers in
non-academic fields, including policy, law,
communication and public health4 (Figure 1).

Figure 1. Schematic of the diverse career opportunities available for PhD graduates.
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Surprisingly, the pursuit of postdoctoral
training after attainment of a PhD is often
independent of a clear career goal. For some
researchers, postdoctoral training provides an
opportunity to clarify career pathways,
although for many scientists postdoctoral
research is a default pathway upon award of a
PhD (Figure 1). The NIH, for example, defines
postdoctoral positions as “temporary and
defined period of mentored advanced training
to enhance professional skills and research
independence for doctoral degree holders to
pursue chosen career paths”5. Yet, it is
common amongst PhD students and
postdoctoral researchers to lack formal
structured departmental or institutional
career development as part of their training,
either toward or away from academic
positions.
With a changing academic landscape
providing less opportunity for job security and
promotion, there has been a push by
stakeholders including the government and
industry, for the development of competency
skills to be part of the PhD program and global
recognition in recent years of the PhD as a
‘process ‘not a product.
The changing landscape of the traditional
PhD
The Doctor of Philosophy (PhD) is the highest
academic degree, awarded by universities for
demonstrating the ability to carry out
academic research and provide significant
contribution of original research and to
fundamental knowledge in a specific
discipline.
With
reduced
academic
opportunities and an increasing number of
PhD graduates, government, business and
industry leaders are questioning the adequacy
of skills acquired during PhD training to work
in current markets of global economy, leading
to the relevance of the PhD to undergo
mounting scrutiny. The last few decades have
seen an increase in reports demanding
clarification of the purpose of the PhD. This
topic is becoming a reoccurring theme in the
UK6,7 as well as the USA, as reported within
the Carnegie Initiative on the Doctorate8.
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Over the last decade policy-led demands are
increasing for more industry-focused doctoral
education, and for PhD graduates to be
industry-ready autonomous researchers at
the culmination of their studies9. New types
of doctorate have been established to extend
the scope and direction of doctoral
education10, thus enabling more innovative
and dynamic research programs that align
with both academia and a breadth of
professional practices.
The traditional product of a PhD was, and still
is, the thesis, but doctoral output is currently
changing to also encompass doctoral
capabilities. For example, the Australian
Qualification Framework (2002) that now
suggests a ‘doctoral research portfolio’ best
represents the graduate’s knowledge
products-achievements
of
research
capabilities in addition to the traditional
tangible forms of their doctoral output11. A
doctoral research portfolio, an upskilling of a
more traditional PhD graduate, is already
embedded within creative arts doctorates12.
Application of such a portfolio in other
doctoral programs, including those in the
STEMM field, has been largely inadequate, yet
it is exactly those disciplines that are
increasingly contributing to a global
‘knowledge-based’ economy.
The contribution of PhD graduates to the
global economy
The world is rapidly transitioning from a
traditional, commodities and manufacturingbased economy into a ‘knowledge-based
economy’13-16. This modern form of economy
emphasizes the use of knowledge and
innovation to create goods and services,
employment and value to enhance economic
productivity13. Therefore, there is an
increased need for educated individuals who
have strong analytical skills and innovative
thinking to generate knowledge, and
importantly, know how to use the generated
knowledge to address contemporary global
socioeconomic problems14,16.
Since the 1990s, there has been a steadfast
increase in global doctoral offerings combined
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with an internationalization of doctoral
student body, which raises concerns about
the effects of globalization of doctoral
education. Countries are responding by
introducing descriptors and standards that
focus on the capabilities required of doctoral
graduates to be able to participate in the
growing global ‘knowledge-based economy’.
Australian universities over the last few
decades have seen that additional factors
impact upon the implementation of
descriptors and standards. The Dawkins white
paper (1988) initiated the restructuration of
the binary higher education system and
introduced government-mandated policy
changes and guidelines for doctoral education
as well as the introduction of professional
fields including nursing, psychology, IT and
design to the university17. In 2001, the
introduction of the Research Training Scheme
(RTS) in Australia resulted in a reduction of
government-funded places for domestic
students at doctoral level, masked by an
increase in full-fee international research
students18. This squeeze on funding has
forced Australian universities to monitor and
review of doctoral program quality.
The Australian Qualifications Framework
(AQF) (2002, 2007) continues to expand and
define the range of what can count as
doctoral research and what the outcomes of
that research are within its Doctoral Degree
Guidelines19,20. The Council of Australian
Deans and Directors of Graduate Studies
(CADDGS) Framework, based upon the AQF
guidelines (2002) emphasises importance for
universities to identify timing, amount,
method, type and focus of suitable activities
offered to all research students in relation to
generic capabilities, focusing on the
transferability of research skills19. Supervisors
are regarded as academic mentors in this
model. They are required, as part of these
activities, to assist students and give career
advice and help in the development of
discipline-specific, research-related skills as
well as general skills, including technological
literacies and ethics. Therefore, universities
overall assume responsibility for supervisors
having the correct training and processes
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being available to equip graduates with
employment-linked capabilities while they
produce doctoral research output. Together,
this means that universities are directing
policy-led imperatives to ensure generic
capabilities are acceptable to funding bodies
and industry employers, whilst ensuring
availability of flexible and innovative
programs that attract a diverse student
demographics interested in doctoral research
within professional disciplines18.
A national survey by the Australian
Mathematical Sciences Institute (ASMI) and
the Commonwealth Scientific and Industrial
Research Organisation (CSIRO) of Australia
Data61’s
student-employer
matching
platform, Ribit.net, identified banking, finance
and insurance followed by mining, oil and
energy, and medical pharmaceutical industry
as the top employers of PhDs1. The valued
contribution of PhDs in these roles is
becoming visible, in particular, in industry
where graduates have assisted in the critical
translation of research into products and
services that have benefited the economy13.
For example, the Australian Red Cross Blood
Service is reputed for employing PhD
graduates from diverse fields including
medicine, psychology, economics and
engineering to improve their services in blood
processing and blood product quality.
Recently, a Red Cross research team headed
by a PhD graduate, Dr. Lacey Johnson
(principal research fellow), developed a new
way to freeze blood with a shelf life of up to
10 years, which allows the transport of frozen
blood samples to frontline soldiers in the
Australian defence force13,21,22. This illustrates
how PhD graduates in positions outside of
academia can have a profound impact to
wider society.
Monash University, G8 Australian university,
reflects its strategic aspirations in the
‘Graduate Student Attributes’, as the
education of responsible and effective global
citizens who engage in an internationalized
world. Monash University’s Central Clinical
School is exemplary in its preparation of
graduates, extending their career pathways
beyond their research projects at the bench,
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directing them through formative and
summative programs to enter clinical research
and medicine in hospitals, and participating in
industry and beyond (Figure 1). Here, an
emphasis has been placed on the reevaluation of what constitutes doctoral
research in terms of processes and outputs,
such that the doctorate portfolio consists of a
selection of products of research to affirm
candidates as industry-ready, independent
and creative researchers.
Transforming the PhD from a product to a
process
To attain award of a PhD in the biomedical
sciences, a PhD student’s research findings
need to be recognised to have contributed to
the discovery or understanding of a novel
mechanism or product which can advance the
scientific field23. This great responsibility
brings with it an equal share of challenges and
rewards. At some point during their degree,
PhD students face challenges, such as project
redirection, maintaining work/life balance and
supervisor relationships, that they have to
learn to manage24. These struggles, along with
more psychologically confronting situational
changes, including intellectual solitariness,
professional and social isolation and anxiety25,
are recognised by many higher education
institutions. In particular, is recognised by
institutions that run induction programs
designed to support the doctoral student to
adjusting to their new status of novice
researchers. Despite these obstacles, the
value in completing a PhD remains
invaluable26, and according to past doctoral
students, it includes achieving extensive
personal and professional growth, developing
specialised and transferable skills and opening
doors to diverse employment opportunities
are just few of the long-term benefits of
completing a PhD 23,27-30.
Traditionally, the skills learnt during a PhD
were perceived to be mono-disciplinary, and
research students were thought to have a
limited breadth of skills and knowledge for
work outside of their chosen fields of
research, supporting the dogma that PhD
students were better suited for careers in

24
academia only31. Given that the expected
outcome of a doctoral degree is to have made
an original contribution to knowledge, it is
almost contradictory to then suggest that
students should also be developing a set of
skills common to them all; however, in reality
this is what occurs. There are numerous
transferable skills acquired during the
doctoral training process, which are
applicable across a variety of disciplines
outside of research. Some of the skills that
candidates learn include the ability to ask
creative questions and solve problems, to
work in collaborative and independent
settings, and to excel in oral and written
communication30,32. This broad range of
interdisciplinary skills acquired during
graduate school are essential for success in
any career26,33.
The focus on doctoral education is now
leaning away from simply regarding the PhD
as a product (advancement of knowledge
through an original piece of research) to
rather seeing the PhD as a process which also
provides knowledge and skills to meet the
needs of the global labor market in a
knowledge-based
economy34,35.
The
competencies or outputs from a PhD can be
categorized into six main areas36.
1. Knowledge and specialized technical skills.
This includes references to specific fields of
knowledge (eg, signal transduction, cell
death) and to particular techniques (eg,
polymerase chain reaction, western blot).
2. Transferable competencies that can be
formalized. This includes communication
skills, project management skills, IT skills,
language skills, commercial skills, innovation
management
and
administrative
management.
3. Transferable competencies that cannot be
formalized. These are competencies that
cannot be learned from courses such as
intellectual capacities to deal with complex
problems, ability to collaborate, leadership,
innovation capacity, a broad vision and
capacity to put oneself in question.
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4. Dispositions. This includes aptitudes and
qualities that complement transferable
competencies such as rigor and creativity (eg,
manage a project with rigor, or to be creative
while designing a communication media).
5.
Behaviors.
These
include
stress
management to perseverance and include
curiosity, listening to others, resilience,
dynamism, patience and honesty.
6.
Meta-competencies.
This
includes
competencies that can develop one’s own
pool of competencies to make better use of
them in professional situations (learning and
adaptation capacities).
Interestingly, in a study by Durette, Fournier
and Lafon, ‘Knowledge and technical skills’
was not the most frequently cited category by
graduate
researchers36,
conversely,
‘Transferable competencies that can be
formalized’, with communication skills
(written and oral) were cited as core
competencies.
‘Project
management’
appeared in second position, and third was
‘Innovation management’. ‘Knowledge and
technical skills’ were cited only at fourth
position, and included mono-disciplinary
knowledge and technical skills. The core
competencies highlighted in this study
demonstrated that PhDs develop a common
set of competencies through practical
experience that require additional course
learning to ensure diversity of skills and
training for the divergent pathways existing
beyond academia and not restrict the pool of
competencies.
Universities play an important role in ensuring
PhD students have access to information of
alternative career options outside of
academia26. It is particularly important to
provide this information early to PhD
candidates to ensure they have enough time
to develop essential skills. This information,
whether it is in the form of summative
coursework, career development seminars or
testimonies from past-students can assist PhD
candidates to understand how to transition
beyond academia.
The global evolution of the PhD program
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In the UK, the GRAD program was developed
to design opportunities for postgraduate
research students to assess their personal
skills, develop team building skills and career
management skills. Under this program,
thirty-four UK universities developed a new
doctorate model, the ‘New Route PhD’, that
combine advanced research along with
transferable and professional skills modules37.
The situation in the USA is decentralized, but
there are numerous large charitable
foundations that have reviewed the PhD
degree and are working towards a reform.
The ‘Re-Envisioning the PhD’ at University of
Washington includes programs for career
preparation, communication skills, academic
and professional consulting, ethics, business
opportunities, teamwork, entrepreneurship,
teaching and leadership38.
In Europe, industrial PhDs are continuing to
be the preferred model of doctoral degrees
that are undertaken at university in
partnership with an enterprise39,40. In France
alone, 20500 students have been reported to
graduate from this industrial doctoral
program since it was introduced in 1981,
generating links between 7000 companies
and 4000 research groups across diverse
scientific fields41. Under the European Marie
Skodowska-Curie Industrial Training Model,
students have the direct opportunity to
collaborate on a joint industry-academic
projects, which could result in the generation
of a valuable findings, production or
intellectual property (IP)42. The advantages of
this industry PhD programme is that it is
based on the foundations of an open
collaboration between academic and industry
partners, which can lead to the PhD graduate
developing skills and networks that open up
job opportunities after graduation39,42,43.
The Australian university system has not seen
the large-scale national developments of the
UK, Europe and USA, although there is a
significant rise and activity gain in the
initiation of such programs. The University of
Queensland (UoQ) in Australia has developed
a strategy to address this need of greater
career development opportunities for PhD
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students with the Career Development
Framework (CDF). This framework is based on
six key elements and is accessible for
implementation in any institution. The
framework includes: 1. Starting early, 2.
Painting the landscape, 3. Creating structure,
4. Being relevant, 5. Being flexible and 6.
Showing empathy. In combination, this
framework provides career advice about
diverse job opportunities, teaches additional
skills to help enhance student CVs, and
facilitates network building between students
and partners outside of academia44.
Monash University is an example of a tertiary
institution that has incorporated elements of
the CDF into the doctoral degree - in the
Translational PhD programme introduced in
2015 by Professor Robyn Slattery and Dr
Steven Petratros45. The Translational PhD
programme encourages students from the
start of their degrees to consider their
research in terms of its translatable potential,
i.e., what impact will have on the target
population. This PhD program has summative
coursework modules on commercialization
pipelines, intellectual property law and clinical
trials, which simultaneously function as career
development. There is also the opportunity
for industry engagement, to develop
professional skills useful in these nonacademic positions and to learn about
different pathways that a PhD graduate can
follow45.
In a large-scale study of thirty-four
universities across Australia, the most
frequently offered courses during a PhD
included: leadership and communication,
project management, collaboration and
teamwork,
commercialization
and
technological
development,
entrepreneurship, career planning, selfdevelopment, globalization and cultural
awareness, public policy and teaching46. The
authors concluded that although graduates
were positive about the programs they chose
and recognized the value of improving in the
aforementioned capabilities, they noted the
importance of providing for individual needs
and highlighted the problems associated with
meeting the demands of their thesis projects
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while undertaking the additional generic
capabilities. They also identified the unmet
need for the involvement of supervisors in
promoting and supporting their participation
in activities to strengthen generic capabilities.
It is obvious from the variety of diverse
programs adopted worldwide, of which many
identify shared common generic capability
targets, that identifying, addressing and
implementing processes to provide adequate
training to PhD researchers is a dynamic,
incomplete process. What remains to be
addressed to facilitate the streamlining of
programs is to evaluate the meaning of the
word ‘skills’ and its use as a synonym for
strikingly different abilities, attributes,
qualities, sensibilities and competencies47.
There continues to be a lack of agreement
between government and industry leaders on
what skills a doctoral student should develop.
Furthermore, the discussion of transferability
of skills from PhD to the workplace infers PhD
students are predominantly developing skills
during their doctoral program. However, this
ignores the pre-existing skills a student has as
they enters their PhD as well as a graduate’s
life choices, personal circumstances and
employment market which is continuously
evolving.
Conclusion:
There is a breadth of diversity in PhD
programs around the world in regard to
competency identification, skills definition
and stakeholder involvement, yet each share
the objectives of supporting multi-disciplinary
cutting-edge research outcomes whilst
building on the need to provide formative
training and development of the generic skill
set of graduates. Thus, these programs ensure
their valued participation within an emerging
knowledge-based economy. Universities are
critical providers and facilitators of PhD
programs, with the responsibility as education
provider to create an academic environment
to educate and support graduates to identify,
choose and build career pathways within and
outside academia. Universities will ensure the
transfer of innovation to the community, thus
creating global impact within a knowledge-
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based economy, by providing the essential
toolkit to promote the development of the
PhD as a process rather than a product.

Online resources for PhD students:
Here there is a compilation of websites that
provides testimonies from past students,
some providing detailed information about
the transition out of academia, and others
providing an in-depth guide to students
struggling to know what other opportunities
are available for PhD students. Included is a
link to an internship program called
ARP.Intern that provides industry-based
training opportunities for PhD students in
Australia.
Is
there
life
after
a
PhD
https://www.anu.edu.au/news/all-

news/science-in-australia-gender-equity-pilotprogram
Non-academic careers for PhD holders https://www.findaphd.com/advice/doing/phd
-non-academic-careers.aspx
Cheeky Scientist (provides a list of jobs) https://cheekyscientist.com/top-10-list-ofalternative-careers-for-phd-sciencegraduates/.
Satisfaction
in
Science
https://www.nature.com/articles/d41586018-07111-8

-

ARP.Internshttps://aprintern.org.au/availableinternships/

-
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