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Abstract: Mining Education Australia (MEA) is a unique
award-winning collaborative venture funded through the
Minerals Council of Australia (MCA). This paper will describe
the origins of MEA from a report “Back from the Brink”
commissioned by a mining industry concerned at the fragility
of mining-related programs across Australia (and the
developed world) in the late 1980s to the present. Currently,
the cyclical nature of the industry is resulting in undergraduate
enrolments, in the mining programs that remain, returning to
the same low levels of the early 1990s. Industry and
Government provide significant support for both teaching and
research though a number of programs that require
collaborative initiatives; however, the nexus between quality
teaching and research is being tested by many conflicting
external factors, including globalisation, diminishing funding
and disruptive technologies.

I. INTRODUCTION

The global mining industry remains a highly competitive
and volatile business; however as recent “boom and bust”
cycles have demonstrated innovation in talent management
and in the introduction of new technologies is needed to not
only remain in business, but to deliver acceptable returns to
all stakeholders. Mobility of people and technology has long
been a feature of the mining industry - in fact it can be a key
in attracting talented students to University programs. In the
boom periods, such programs can often not supply the
numbers of suitably skilled people the industry claims it
needs; however once the bust arrives; new graduate
positions, work internship experience opportunities and
research  funding nearly  disappear.  Increasingly
Governments and industry are recognising the benefits of
long-term support for collaborative research, international
exchange and internships. Academic institutions also have
to become more flexible to respond to these and other
international opportunities. This paper will look at the
current situation in Australia and the innovative response to
a previous period of low commodity prices and low student
demand. The solution to this was the creation of Mining
Education Australia (MEA) which is a collaborative
venture, initiated by industry concerns for the future
quantity and quality of undergraduates, between the four
major mining engineering schools in Australia. The MEA
member institutions typically account for over 80% of all 4-
year graduate mining engineers from accredited Bachelor
degree programs. Collaboration in research is promoted by
the Australian Government through Cooperative Research
Centres (CRCs) and these exist across the mining value

chain. Membership increasingly includes Universities,
companies and Governments — some even based outside of
Australia. These CRCs provide an important source of
research and innovation funding - but also recruits for the
global industry that can be receptors of change and
champions for disruptive technologies. More recently, the
Federal Government in Australia has launched a new
scheme of Industry Growth Centres in key areas that
includes minerals and energy to speed up commercialisation
of innovation from research findings, an area where
Australia has been relatively poor in the past.

In Australia, the cyclical nature of the mining business
has a significant impact on undergraduate enrolments to
academic mining engineering departments. In fact, the
enrolment numbers correlate to the major commodity prices
with the graduating numbers offset by two-three years
(Figure 1 after Lind, 2016). This leads to issues of skills
shortages in “boom” times as highlighted by Ernst and
Young (EY) annual reports over the past six to seven years.
In their business risks ranking, the skill shortage risk has
moved from the number one business risk in mining and
metals in 2008 to ninth place in 2014. However, EY claim
the risk is still substantial and now more complex (EY,
2014). With the recent loss of focus on talent posing two
significant risks to the sector. These risks are shortage of
senior experienced people and “a significant skills shortage
when the next economic upcycle inevitably begins”.
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Figure 1: Total numbers of mining engineering graduates from all
Australian universities 1969 — 2015 (estimated for 2015) and annual metals
and minerals price index for 1971 — 2014 (source of commodity index:
Bank of Canada) (graph courtesy of Professor Peter Dowd)
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The four recent trends that the EY report highlights as
influencing the future supply of talent are:

1. The ageing workforce, which poses a strong risk to
mining leadership;

2. Globalization, which adds real complexity to how
companies monitor and manage their talent position;

3. Greater collaboration and fewer silos;

4. Disruptive technology, which is changing the skills mix
required.

A longer trend has been the significant reduction in
mining education in the US and Europe, which impacts on
Australia, since US and European graduates were often
attracted to the Australian industry during their careers.
Further globalisation of the industry and the expansion of
mining education in many parts of the developing world is
challenging the human capital dimensions. The availability
of sufficient graduates of adequate quality becomes not only
of concern to industry but also a political issue; however
political interference in mining education is not new and
higher education policies often have a detrimental impact on
low quantity — high cost courses such as mining engineering
(Lind, 2016). The mining industry is however generally
supportive of education in the developing world.

Australia ranks second in the value of mineral production
US$109 billion in 2012, behind China (US$123 billion) and
ahead of Brazil (US$66). Australia is unique in being the
only developed nation in the top 20 jurisdictions of the
Mining Contribution Index (International Council for
Mining and Metals, 2014) and Australian expertise in policy
and regulation is often sought by developing nations
(Department of Minerals and Petroleum, 2014).

The Mining Contribution Index (MCI) is a tool to assess
the relative importance of the mining industry’s contribution
to a national economy. The MCI is a composite index
comprised of three indicators, each capturing different
aspects of mining’s contribution to national economies:

1. Mineral and metal export contribution 2012. Provides a
measure for the scale of mining in relation to other
productive activities, in particular for small, open and
low- to middle-income countries.

2. Increase/decrease in mineral and metal export
contribution 2007-2012. Adds a dynamic component to
the index by providing an indication of whether the
importance of mining as an economic activity is
growing or falling over time.

3. Mineral production value expressed as a percentage of
GDP in 2012. Provides a sense of scale of the value of
production relative to the size of the economy. Note that
it does not represent the contribution of mining to GDP
— on average perhaps a third of production value
represents value addition to the national economy.

Table 1 provides Mining Contribution Index data for
selected mining jurisdictions, mining’s contribution to
exports and the value of mining commodities as a
percentage of GDP.

TABLE 1: THE MINING DEVELOPMENT INDICES FOR SELECTED
JURISDICTIONS (AFTER ICMM, 2014)

Ranking 2014 Mining Export 2012 Value
Contribution Mining (% GDP)
Index Score Contribution

(%)

1 96.82 62.9 57.5
Mauritania

13 Australia 89.36 57.3 10.0
36 Brazil 75.31 17.3 3.0
47 Canada 67.03 12.8 17.3
50 Chile 66.03 61.6 15.8
54 Peru 65.41 60.1 13.0
59 South 62.43 38.8 17.1
Africa

67 USA 60.88 7.7 0.8
130 China 39.54 2.9 6.1

Australian Government assistance also extends to
supporting mining globally through the provision of
postgraduate scholarships to study for mining-related Master
degrees in Australia (DFAT, 2016) and mining education in
developing countries (Rwabuhungu and Hall, 2015).

Australian mining companies have been very active
internationally in recent years with an estimated 590
projects across Africa (AAMEG, 2016) and 200 projects
across Latin America (Carr, 2013). Many of the junior
mineral exploration companies and mining companies are
based in Western Australia. Perth, the State capital, hosts
conferences in 2016 entitled “Africa Down Under” and
“Latin America Down Under” to highlight these
developments and assist in connecting Governments and
industry. Western Australia alone produces exports of over
AUSS$100 billion across 50 different mineral commodities
and has been recognised as the leading jurisdiction for
mining investment in the Fraser Institute 2015 Annual
Survey of Companies (Fraser Institute, 2016). Mining in
2015 contributed some 22% of the States total income.

Multinational companies or companies spreading
sovereign risk through developing operations in new
jurisdictions, often emerging economies, face the challenge
of communicating strategies and values (e.g. safety and
sustainability) throughout the organisation. In mining, this is
challenging when culturally, countries owning the mines are
often at the other end of key cultural dimensions to those
where the mines are located. One example of this is how
cultures value individualism versus collectivism (Table 2).

TABLE 2: INDIVIDUALISM VERSUS COLLECTIVISM CULTURES (ID VALUES
FOR SELECTED JURISDICTIONS) HOFSTEDE, 2001

Country Individualism Values (IDV)
USA 91
Australia 90
UK 89
Brazil 38
Philippines 32
Chile 23
China 20
Columbia 13

Asia, Africa and Latin America have strongly collectivist
values, where relationships are prioritised over tasks, which
has major implications for transnational mining education
and student mobility; especially where group work
comprises significant components of the assessment tasks.
Uncertainty avoidance is one dimension of national culture
on which emerging economies are also differentiated
(Hofstede, 2004). China, like the US, UK and northern
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Europe, has a low uncertainty avoidance score, meaning
they are comfortable with ambiguity. Most Latin American
countries score high on uncertainty avoidance.

International education is Australia’s third largest source
of export revenue after iron ore and coal; ahead of tourism
and of equal importance to many other mineral commodity
exports (such as gold and alumina). In addition, it is
believed that a significant portion of tourism revenue is due
to visits to international students by parents, siblings and
others.

II. AUSTRALIAN SITUATION AND MINING
EDUCATION AUSTRALIA

While mining laws and regulations are developed in each
State of Australia, generally a mine must be managed by a
“competent person”. This is interpreted as a person holding
the necessary statutory qualification (e.g. Quarry Manager’s
Certificate, Surface Manager’s Certificate or First Class
Mine Manager’s Certificate). Other management and
supervisory positions across the Australian coal and hard
rock mining sectors involve statutory qualifications,
including mine surveying. While there is currently
discussions taking place to harmonise these across Australia
as part of new health and safety legislation, currently the
common requirement for sitting for a First Class Mine
Manager’s Certificate is the completion of an accredited
four-year Bachelor of Mining Engineering degree or
equivalent. States also prescribe a minimum age, industrial
experience, and other examination requirements.

Industry and government concerns over the situation
within the education of mining engineers has a long history
in Australia (Minerals Council of Australia, 1998). During
the last extended downturn in the industry an extensive
research report on the situation of mining education within
the country was conducted. The report “Back from the
Brink” provided a catalyst for industry through the Minerals
Council of Australia (MCA) to fund higher education
programs in mining engineering, metallurgical engineering
and mining geology. Support for mining engineering
evolved through Federal Government grant support to
become Mining Education Australia (MEA) is a unique
collaborative venture — almost a national Mining School —
with continued funding through the Minerals Council of
Australia.

MCA and Federal Government funding supported the
development of a shared industry-relevant curriculum, such
that each member institution delivers the same 3" and 4™
curriculum in their accredited 4-year BEng Mining
Engineering programs with the same assessments and exam
dates. MCA funding supports further collaborative activities
that include national workshops for the staff of the four
institutions that are partners in Mining Education Australia —
Curtin University (through the Western Australian School of
Mines), University of Queensland, University of New South
Wales and The University of Adelaide to allow discussion
of curriculum delivery, improvements and moderation of
results. Regular curriculum review takes place and MEA
funds the development of shared new curriculum content
such as in mined related automation, big data, and socio-
environmental issues. A final year research project
competition is held each year between the best five student

projects from each member institution competing in a fully
funded competition hosted on a rotational basis by each
member. A small collaborative research grant scheme
commenced in 2013 focused on collaboration between early
career academics and experienced mentors across member
institutions. While funding has been significantly reduced in
2016 it has been possible to continue to all activities.

Many of the industry concerns with mining education
expressed in “Back from the Brink” have reappeared in the
latest industry cyclical downturn, in particular the fragile
financial position of many mining school as enrolments fall.
Prophetically one article observes that a third wave of
mining education from 2000 to 2040 is expected and that
only a few developed countries, such as Canada and
Australia, will participate and it is these countries which will
reap the benefits from renewing their mining education
systems and participating in the international aspects of this
third wave (Lynch, 1998). International education is now
one of Australia’s largest export earners with undergraduate
engineering programs on average enrolling around 35%
international students and postgraduate coursework and
research programs reliant on international students.

The extreme shortage of local suitably qualified academic
talent during the mining boom and regulatory requirements
in Australia has resulted in a multi-cultural teaching staff in
all mining schools. This is also the situation in both the US
and Canada too. Recently introduced quality assurance
regulations in Australia require that the person teaching has
a qualification above that that will result from the class
being taught (e.g. a Masters level class should be taught by
someone holding a PhD). Unfortunately, often experienced
engineers do not have higher degrees by research making
their recruitment, especially in institutions chasing status
through international rankings, problematic. This has often
resulted in the mining schools being seen as remote from
industry and theoretical not practical in outlook due to
academic staff not being aux fait with Australian mining
culture and work practices. Ironically, the diversity of staff
and students is a key measure in yet another ranking —
international outlook. The international outlook indicator
used in the Times Higher Education World University
Rankings 2015-2016 considers each institution’s proportion
of international staff, proportion of international students
and proportion of research papers published with at least one
co-author from another country. Qatar University tops these
rankings with 24 Australian universities in the Top 200
(with Curtin University the joint highest Australian
university at 26™), with the highest ranked US university
being MIT in 90™ (Times Higher Education, 2016).

III. POSTGRADUATE EDUCATION, RESEARCH AND
INNOVATION

Research is an essential element of any University and
research in support of the mining resources sector has been
well-supported in Australia through the Cooperative
Research Centre (CRC) scheme. Providing multi-year
Federal Government financial support for research themes
together with industry member and project funds, the CRC
programs have resulted in commercialised innovations, spin-
off companies and many trained postgraduates. One of the
early CRCs — CRC Mining — has successfully navigated the
transition from Federal Government support to a member-
supported organisation. In addition to self-funded “seed”
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projects, PhD scholarships and industry-funded projects,
CRC Mining also delivers a number of projects funded by
the Australian Coal Industry’s Research Projects (ACARP).
ACARP is funded via a levy paid on all coal production in
Australia. ACARP mainly supports mining programs in the
eastern states were the bulk of the coal mining takes place.

The only CRC funded in 2015 was in the mining area;
CRC Optimising Resource Extraction (CRC ORE) was
awarded Federal Government funding of around AUS$35
million within a total budget of AUS$112 million (around
US$90 million) for a further 6 years to commercialise
innovation. The organisation has 8 mining companies, 12
research organisations and 15 service companies as
members. It aims to fill the difficult space, “the so-called
valley of death”, between research and commercialisation of
new technologies (Figure 2).

Other relevant CRCs where Curtin University is also a
member include Deep Exploration Technologies CRC, CRC
CO2 (focused on carbon sequestration), and CRC Spatial
Information. One issue for the member universities is that
each CRC often wants to create and promote their own
brand (or become synonymous with the host institution) and
protect IP to commercialise research findings. This often
fails to provide recognition for where the research activity
occurred and hence develop reputation (a key component of
some of the global University rankings).

Generally, the R&D effort in Australia (like the UK) is
concentrated in the higher education sector. Other OECD
countries have much higher numbers of researchers (i.e.
those with a PhD) in the manufacturing and service sectors.
This has been reported (Pettigrew, 2012) as a significant
disadvantage for innovation in Australia’s industrial sectors.
However, Australia is distinct in its share of small
businesses (less than 50 employees) that are start-ups (less
than two years old). Many of the METS sector firms are of
this type. Hence, the latest Federal Government funded
initiative has been the establishment of Industry Growth
Centres (IGC) in key areas of the Australian economy. Two
of these are relevant to mining - Mining Equipment and
Technical Services (or “METS” - an unfortunate acronym
often confused with metallurgy) and Oil, Gas and Energy.
The first is based in Brisbane and the second in Perth — the
capital cities of the major mining states of Australia.

The IGC Initiative is an industry-led approach that will
drive innovation, productivity and competitiveness by
focusing on areas of competitive strength and strategic
priority. This will help Australia transition into smart, high
value and export focused industries. The Initiative will
enable national action on key issues such as deregulation,
skills, collaboration and commercialization. It will drive
excellence, not dependence and create an economy that
ensures Australia’s ongoing prosperity.

Bridge Building - Crossing the Innovation Chasm
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Figure 2. Innovation Chain showing role of Cooperative Research Centre
Optimising Resource Extraction (CRC ORE): Walters, S., CRC ORE.

The METS sector plays a key role in innovation (Figure
2) within the mining sector and is becoming an important
employer of mining engineering graduates (often offering
structured graduate training programs and international
opportunities). Austmine (www.austmine.com.au) is the peak
industry body for this sector in Australia. The sector
contributes over AUS$90 billion in gross annual revenue to
the country’s economic prosperity, exports over AUS$15
billion to every corner of the globe and invests AUS$4
billion in R&D (Scott-Kemmis, 2013).

IV.UNIVERSITY RANKINGS

University rankings have recently become granular at the
level of individual mineral and mining schools through the
release of the QS 2016 rankings for the discipline of
minerals and mining engineering (QS Top Universities,
2016). Though the methodologies within the many rankings
systems might be flawed and open to debate; university
presidents, prospective students (especially international
students) and the media take notice of published results.
Table 3 presents the recent data for the Top 20 rankings with
those schools known to have an accredited undergraduate
program in mining engineering highlighted.

In order to qualify for inclusion in each of the QS World
University Rankings® by Subject universities must offer a
course or the option to specialize in the discipline, and meet
the discipline specific threshold for research papers
published. The ranking is obtained from peer assessment
results in a numerical formula weighting academic
reputation (50%), employer reputation (20%), research
paper citations (15%) and research impact (15%).

Many institutions appear to be present on minerals and
materials science research performance (e.g. MIT and
University of Cambridge; ranked 2 and 4 respectively)
and/or historical reputation (e.g. Royal School of Mines,
Imperial College; ranked 6). It is interesting to note that
while the leading positions are filled by similar institutions
in the Top 10 institutions worldwide, the Top 50 institutions
in Mineral and Mining Engineering are much more diverse
representing 18 countries compared to only 11 countries
represented in the Top 50 of the world’s leading
universities. The Top 50 in Mineral and Mining Engineering
contains three South American universities, 8 Australian and
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5 Canadian universities demonstrating the importance of
mining in these regions and quality of mining education and
research.

TABLE 3: TOP 20 MINERAL AND MINING ENGINEERING UNIVERSITIES
(AFTER TOPUNIVERSITIES.COM 2016)

Ranking (QS Institution
2016)
1 Colorado School of Mines, USA
2 MIT
3 Stanford
4 Cambridge, UK
5 Oxford, UK
6 California, Berkley
7 Imperial College, London, UK
8 ETH Zurich, Switzerland
9 Hong Kong
10 University of Queensland, Australia
10 Tokyo
12 California Institute of Technology
13 MecGill University, Canada
14 University of British Columbia,
Canada
15 Kyoto University, Japan
16 University of New South Wales,
Australia
17 Peking University, China
18 Universidad de Chile
19 Curtin University, Australia
20 University of Texas at Austin, USA

V. GLOBAL EDUCATION AND COLLABORATION

Globalisation of education has happened over many
centuries but seems to be accelerating with student mobility
expected to continue to increase. The four major
destinations for international students studying to complete
undergraduate and postgraduate awards are the US, the UK,
Australia and Canada. It has been estimated that around 4
million students are currently globally mobile (British
Council, 2016). One third of these students come from either
China or India. In 2014, Australia received onshore nearly
270,000 international students studying in higher education
(52% undergraduate and 41% postgraduate). Business
courses were most popular with around 45% of students
enrolled while engineering accounted for 10%. The leading
sources of students were China (34%), India (10%) and
Malaysia (5%). Increasingly popular are articulation
agreements or joint programs where the students complete
part of their studies in their home country. Most common
are 2+2 undergraduate arrangements, where students
complete the first two years in their home country and
transfer to complete their qualification overseas. Master
programs (1+1) and joint PhD programs are also in place.
Such arrangements reduce the costs incurred by the student,
but can make the transition between cultures and language
more intense (though they are more mature). Innovative
programs of study in mining have been developed, such as
the European Master in Mining that leads to a triple degree
from the universities of Aalto, Delft and RWTH (EMMEP,
2016).

Short term placements and exchange (often funded via
scholarships) are also popular with student on “Study
Abroad” programs. Detailed curriculum mapping is advised

for students at the later years of study due to the need to
appreciate the necessary prior learning expectations as well
as teaching and assessment styles. Again language skills can
present a significant obstacle; however a significant increase
in demand for such placements, together with industry field
trips, in predicted.

Staff mobility and exchanges have long taken place
between mining schools and are a good method to exchange
best practices. Mining Education Australia hosted a group of
Peruvian and Columbian mining academics in 2014, funded
by the COALAR program. This assisted the Pontifical
Catholic University of Peru in recently obtaining ABET
accreditation for their mining program (Silvia Rosas
Lizarraga, 2016).

VI.TECHNOLOGY CHANGE AND CURICULUM
DEVELOPMENT

Teleconferencing has been a familiar mode of business
for many years, reducing the need for costs of travel. The
recording of lectures and their uploading to host software
systems is becoming commonplace with students not having
to attend classes. This is also useful for international
students whose mother tongue is not English as it gives
them the opportunity to study the lesson at their pace and
convenience. Educational software, such as Articulate, are
now able to combine slides, audio, video, quizzes at
relatively low cost into high-quality teaching resources
(Jaksa, 2011). Real time tele-lecturing across campuses,
institutions and even continents with student interaction is a
reality. Full interactive audio-visual facilities are however
costly around Aus$240k for a typical 50 to 75 student
lecture theatre. In engineering and science, the practical
components of laboratory-based work still typically require
on-campus attendance, though online operation of
equipment and computer simulations are often now included
in “blended delivery”. Field trips in mining engineering
programs remain critical to fully appreciate the industry;
however here the use of virtual reality is becoming
increasingly common. This allows students to appreciate
situations that they could never experience (walk through
walls or fly overs, experience an underground fire or rock
burst, etc.) or mining methods not available locally near the
classroom. Curricula and even student recruitment initiatives
have to evolve to make use of these technologies that are
also often the focus of research projects. For example,
virtual reality can be a tool for linking 3D visualisation of
complex datasets in mine planning, ventilation networks,
geotechnical data, etc. (Bednarz, et al, 2015).

VIL DISRUPTIVE TECHNOLOGIES

The development of a fully online “Introduction to
Mining” by the Western Australian School of Mines with
Curtin University, Australia, had some surprising outcomes.
With no prerequisite subjects, the course expected to attract
first year engineering students looking for an elective
subject in the hope of encouraging them to consider mining
engineering or metallurgical engineering as a degree choice;
however it attracted over 100 students from anywhere but
engineering (e.g. project management, humanities, business)
so was made available in each semester and provides a
regular financial boost to the mining school. The outcome
perhaps should not be surprising in a jurisdiction like
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Western Australia where about 22% of the State budget is
derived from mining taxes and royalties.

Computer-based and online training is well established in
mining with the recent launch of the first mining “MOOC”.
Massive online open courses, or MOOCs, are the latest
“disruptive” technology in higher education and some of the
world’s leading universities have partnered in the provision
of high-quality online courses that are generally freely
available. This assumes access to internet that often
disadvantages the poor and developing nations. Also, critics
point to the poor completion rate of MOOCs — on average
10%. Universities are using MOOCs to develop global
brand awareness and market programs of study. “The
Business of Mining” was conceived by Steve Hall,
developed by Curtin University and launched on the edX
platform in July 2105. EdX was founded by MIT and
Harvard in 2012 “to offer high-quality courses from the
world’s best universities and institutions to learners
everywhere” (www.edx.org/about-us). With more than 90 global
partners, edX is the only leading MOOC provider that is
both non-profit and open source. The Business of Mining
MOOC was developed as a cross-disciplinary course
providing an understanding of the business and financial
decisions made as an exploration program progresses, a
mining operation commences, the processing considerations,
social and environmental issues and finally mine closure.
The MOOC uses as a focus the development of a gold
project in Western Australia and features the State Minister
for Mines, senior industry figures, indigenous spokespeople,
in addition to a range of academic experts.

At the end of March 2016, the MOOC had enrolled over
7,500 students in 165 countries. The median age of these
students was 29, with 22% being female and 77% having a
Bachelor degree or higher. The latter figure supporting the
view that MOOC:s are being used primarily for professional
development or refreshers courses when needed. The
completion rate at around 14% is significantly higher than
average and may reflect the highly flexible nature of the
MOOC design. Current discussions are around making the
English subtitles available in non-English languages to
further the value of the MOOC as a technical language
training resource. Based around YouTube hosted video also
limits access in China.

Typically the availability of MOOCs for free, questions
the business model behind their development. Recently,
completion of a series of MOOCs has been accepted for
credit and entry to University in the US. The key issues in
their future development will be flexibility and cost. They
do however provide a further tool to be incorporated into a
“blended learning” delivery of mining programs that might
reduce cost, but can offer diversity and interest to students.

VIII.  CONCLUSIONS

The competition for talent in the global mining industry
will continue; however the external perceptions of the
industry must continually be addressed to encourage the best
students and future leaders to consider the industry as a
career option of first choice.

Industry and Government provide significant support for
both teaching and research though a number of programs
that require collaborative initiatives; however, the nexus
between quality teaching and research is being tested by

many conflicting external factors, including globalisation,
diminishing funding, suitably experienced teaching and
research academics and disruptive technologies.

Collaboration in student exchange, quality curriculum
and learning resources, research and innovation while
requiring increasingly complex management is proposed as
the only successful way forward. This might also require a
return to graduates understanding the mining value chain
(systems thinking), rather than a technical “silo”.
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