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transport management centre/s
unmanned aerial vehicle/s
vehicle-to-infrastructure
vehicle-to-vehicle
vehicle-to-everything

virtual reality

Warehouse management system
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ExecutiveSummary

Digital innovations in transport and freight are needed to enhance the performance and

efficiency of these vital sectors of the Australian economy. A number of measures available in

the literature, however, indicat e t hat Australiabés transport sect
and automation trends compared to other Organisation for Economic Co-operation and
Development (OECD) countries. There is also emerging concern that Australia will face digital

skills challenges that may further limit the widespread deployment of advanced technology

solutions. At the same time, introduction of digital and automated solutions may open-up new

industry sectors and occupations that  —  ——————

were not available previously. Forward
planning and early introduction of
targeted policies and  mitigation
measures will assist in reducing the
impacts on job losses due to automation
and identifying the digital skills gaps and
retraining opportunities needed to
redeploy displaced employees.

Future vehicle automation and Mobility-as-a-
Service solutions could, on the other hand,
offer opportunities to free up human
resources from driving tasks to be diverted to
enhanced customer service-focused tasks or
improving the safety of operations through
remote monitoring and interventions.

Research background

This research aimed to develop a deeper understanding of the workforce implications resulting
from the digitalisation and automation of transport in Australia. The research aimed to assess
the future skills gaps and training needs as a result of technological change and identified new
skills and job opportunities arising from the introduction of automated transport interventions.

Methodology
This research was focused on desktop studies and stakeholder consultations that included:

1 A comprehensive literature review that systematically surveyed and interpreted relevant
studies to identify the current state of knowledge, the opportunities, challenges and
barriers that could influence future workforce developments in Australia

1 Examined international best practice in the development of future transport and freight
digitalisation skills, which created an understanding of the characteristics of the desired
workforces needed to support transport digitalisation

1 Identified learnings from countries that had higher levels of transport and freight
digitalisation, and provided an assessment of the current situation in terms of skills
currently available to the Australian market, highlighting skill gaps and training needs.

1 Considered specific case studies on automated and autonomous trucks, warehouse
automation, and electric vehicles to understand how digitalisation will impact workforce
development in these sectors

1 A stakeholder consultation survey across a representative set of industries including
decision makers in national transport and freight businesses and their employees, which
helped to identify the barriers facing the industry, and how these barriers can be overcome

1 Policy and regulatory opportunities were identified, with openness towards considering
well-established as well as innovative and emerging approaches.

Evaluation framework for understanding future transport digital skills

This study developed a framework for understanding best practice of digitalisation in transport
and freight, and what these imply for future digital skills requirements of the transport
workforce.
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1 The framework considered the drivers of change for transport and freight digitalisation
manifested by increased congestion, longer travel times, reduced profitability and
efficiency; the key paradigm shifters and game changers in the future transport ecosystem
including new technologies, business models and sustainability considerations; and the
key enabling and supporting digitalisation and automation trends such as data and video
analytics, Internet of Things and smart mobility applications.

1 The framework also considered the emerging and disruptive trends that are likely to
become prevalent in the coming decade such as highly automated and autonomous
trucks, higher levels of artificial intelligence and robotic solutions which are very likely to
shape the future workforce developments across all sectors of transport including road,
rail, aviation, maritime and freight.

This study also identified a number of digital literacy and digital skills frameworks that can be
used to understand the different levels of digital skill requirements in transport.

1 The study adopted the fAustralian Digital Literacy Skills Frameworkoto inform the project
directions. This framework provides a continuum of digital competencies for various
contexts and specific behavioural indicators that capture the technological, informational
and contextual knowledge, cognitive and practical know-how, competence and attitudes
that are fundamental to sustained workforce productivity in the digital environment.

1 The framework includes five levels of digital skills (literacy, competency, proficiency,
fluency and savvy). These levels of digital skills were used throughout the research to
inform project directions and findings.

Workforce readiness for transport digitalisation and automation

The study also considered the transport workforce readiness for digitalisation and automation,
drawing on a number of national and international studies. These studies showed that the
Australian workforce digital skills preparedness lagged behind many other nations with a
similar country profile and showing a decline in readiness compared to previous years.

One study by the Australian Academy of Technology and Engineering, found that the
Australian transport sector is least prepared in terms of skills availability (with respect to low
and zero emission vehicles, connected autonomous vehicles and high frequency mass transit)
and in terms of infrastructure readiness (with respect to low and zero emission vehicles, high
frequency mass transit and intelligent transport systems).

The Academy provided a number of policy recommendations which included the need for
states and territory departments of education to strengthen content and teaching of STEM
subjects during upper primary and compulsory secondary schooling; and for universities to
work collaboratively with industry to promote course options in data analysis and modelling,
software development, geospatial technologies, network and data security, logistics, skilled
trades, transport data administration and project management. The Academy also
recommended that higher education and research organisations should prioritise research
studies that examine the skills requirements to meet future transport needs, and map these
on existing incentives and accreditation processes.

A number of global studies considered in this research also provided evidence of similar trends
for Australia. The IMD World Digital Competitiveness Ranking, which provides rankings for 64
economies <calculated on the basis of 52
competitiveness rank dropped from 15 to 20
future digital readiness, and training and education were found to lag behind other similar
profile countries in the ranking.
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The Wiley 2022 digital skills gap global
Index ranked Australia 33 out of 40 countries
included in the ranking. The index
considered six pillars including digital skills
institutions, government support, supply,
digital responsiveness, demand and
competitiveness, data ethics and research
intensity.

The study found that Australia is failing to
bridge the digital skills divide, including the
gap between demand for digital skills for a
given level of development, the capacity of
policymakers to respond to the talent deficit,
and capacity of educational institutions and

Salesforce Digital Skills Index, 2022

Australia ranked at number 16 out of 19
countries with an overall score of 21,
compared to an average of 33 for the 19
nations included in the index.

Three out of four respondents felt
unequipped and unprepared for the most
important digital skills needed for the
workplace.

Three major skill gaps were identified
including everyday skills, generational
skills, and leadership and workforce skills.

corporations to deliver the skills. The study
found that while Australian tertiary
graduates are increasingly tech-savvy digital natives, the development of critical thinking and
analysis skills remained uneven.

The study recommended that the role of governments to lift awareness of the digital skills gap,
in both the public and private sectors, remained important. The study also recommended
encouraging universities to embed digital skills into their curricula in a meaningful way, and
that Australia would benefit from more developed training and accreditation schemes
facilitated by more digital programs and more government funding.

Workforce impacts of transport digitalisation and automation

This research also reviewed available evidence on how transport digitalisation and automation
is likely to impact jobs and workforce development and what mitigation measures can be
implemented to reduce job losses.

6The Future of Trstadys pThe Ruaiie oformnspetatikroWork, 2020
by the Centre for Future Work at the
Australia Institute reviewed new directions
in technological innovation and catalogued
some of the important ways that new
technology will affect the production and Il
delivery of transportation services. It
predicted that automation will remove large
numbers of jobs and identified
transportation as one of the most-affected
industries. The study estimated the
vulnerability of several key transportation
occupations to computerisation, which were
considered key indicators of the number of
jobs likely to fundamentally change by new
waves of automation.

At least 18 occupations had probabilities
between 55-99% of being automated.
Commercial pilots (55% probability)
Transport distribution managers (55%)
Bus drivers (67%)

Light truck and delivery drivers (69%)
Heavy truck drivers (79%)

Industrial truck drivers (93%)

Shipping and receiving clerks (98%)

=A =4 =4 =4 4 4 A

Cargo and freight agents (99% ).

Another study by Deloitte which looked into

building the vital skills for the future of work in operational fields such as transport also provided
insights on the range of technologically automatable activities. The study found that 39 to 58
percent of the worldwide work activities in operationally intensive sectors (such as transport
and freight) could be automated using currently demonstrated technologies, which is 1.3 times
the automation potential of activities in other sectors. In particular, the transport and
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warehousing sector was identified as an over-average operationally intensive sector and that
39% of total transport activities were likely to be impacted by automation and digitalisation.

Case study: Connected and automated trucks

This case study explored a number of O
scenarios for the development of connected
and automated trucks and how they might
impact drivers and associated jobs in the
future. The study examined a framework
used for assessing the labour market
impacts of connected and automated
vehicles which showed that new jobs will be
created through three effects:

A central risk from large disruptions are
not from a permanent decline in number of
jobs available in the economy, but from
the costs imposed on displaced workers,
and the adverse social reactions if the
disruptions are not well managed.

1 People will use more transport when it |

becomes less expensive Australian driving jobs most impacted

1 Suppliers of automated-vehicle related by vehicle automation
goods and services will expand to meet

demand Truck drivers 338,400 jobs

T Consumers will increase purchases of  Delivery drivers 74,500 jobs
other goods and services with surplus
budgets when automated transport services become safer and less expensive to use.

The case study also found examples of increased job industries that included fleet service
technicians, transport aides for disabled people using automated vehicles, and supporting
services and companies such as spare parts suppliers and software engineers. The case
study also examined potential timeframes for the transition and identified five scenarios for
deployment ranging from 3 years (pilot studies) to 15-20 years when low-cost autonomous
truck services largely replace long-haul services with significantly less expensive, faster
services.

Case study: Warehouse digitalisation and automation

This case study examined warehouse digitalisation and automation with the aim of
understanding potential impacts on labour I
and jobs. First, the cased study reviewed
the different levels of automation and
found that although new technologies had
significant upfront costs, there were many
benefits that ranged from improving
operations to minimising human error. The
case study also found that warehouse
automation required new key roles and
skills to support increased automation including warehouse system manager, logistics analyst,
and solution designers. Warehouse automation and digitalisation was also found to bring
additional challenges including their impacts on privacy given the use of new technologies and
how to minimise their misuse such as monitoring workers. The case study found that modern
warehouses with increased automation provided business-critical and cost-saving functions,
and also added value to customer experience.

Although automation impacts low-level
work tasks, it can create new opportunities
for upskilling workers with new digital skills
that are needed for better quality and
higher income jobs that have higher
flexibility and better work-life balance.
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Case study: Electric vehicles

This case study found that widespread o —.

deployment of vehicle electrification will Economic benefits of high EV
impact some of the manufacturing and uptake in Australia (2030)
maintenance jobs but would also open up
new job opportunities. A 2020 study by PwC and Electric
Vehicle Council of Australia showed
For example, digital skills in the EV that the economic impact of EVs
industry will include testing, design and under a 50% EV uptake at 2030 is
simulation software; big data analytics; 0T estimated to increase real GDP by
and cloud solutions e.g., for on-air updating $2.9 billion and increase net
of EV operating systems; and Al, Machine employment by 13,400 jobs, relative
Learning and Robotics. to 2016-17.

As Australia does not currently have any vehicle manufacturing industries, the
impacts on jobs in manufacturing will be limited. However, EVs will impact
maintenance jobs and are likely to create new job opportunities in EV spare part
manufacturing and related services.

Digital skills training schemes and programmes

The study also reviewed the national
and international landscape on
training schemes and programs that
target digital skills gaps and training
needs for upskilling the transport and
freight workforce.

Knowledge Gaps and Training Needs

The analysis identified the top skills
shortfalls facing new entrants in the
transport sector including
programming, operations analysis,
technology design, and STEM
education.

The analysis also identified the
human skills needed to support
digitalisation, and found that more
than 43% of new entrants into the
transport  sector faced  skills
shortages related to critical thinking,
speaking and active listening,
decision making, complex problem
solving and social perceptiveness.

The analysis also addressed key
guestions on what local and
international online training initiatives
exist, and what delivery formats of
training are most appropriate. The
review showed that while
collaborative and team-based virtual
and augmented reality training, e-learning, and scenario-based learning are all gaining
momentum and acceptance, work-integrated and experiential learning were most valued by
new entrants.
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Digital skills survey
The review uncovered a new body of knowledge which was used to develop a survey to solicit
feedback from a representative national sample. Two groups of participants were targeted

includingé Deci si on Makersd6 and OEmployeesd in the tr:

The consultation included questions related to

identifying key skills gaps to support transport —_

digitalisation, understanding the most appropriate ann 5] 0/
training models, and assessment Of any (o]
willingness to support and invest in training and u

upskilling their workforce. of organisations
The survey received 522 successful responses agree they have a digital
from bot h ifiDeci sion skills gap 1d

AEmpl oyeeso (291) repre
rate. Participants represented a diverse range of R
organisations across Australia, with the largest *

[ ]

ponse
A4 7out
of 10

employees

1 Impacts of digitalisation on the industry. feel unprepared for
Participants  acknowledged the  wider
implications of digitalisation, including impacts
on operations, business models, partnerships
and roles. Such impacts were found to vary
across organisations, depending on their size,
type and maturity. Participants also
acknowledged that digitalisation could
introduce several benefits, including improved
customer service, larger market share and
internal productivity gains. Many organisations
were yet to formally operationalise a digital
(workforce) transformation strategy.

9 Digital skill levels. The skills gaps varied across the industry in Australia. Large and
medium sized firms mainly rated their overall level of digital and automation skills at
6intermedi ated6 | evels, while small firms were
digital skills to be commensurate with national levels within the industry, but below what
they recognised as international best practice.

group from the freight, warehousing, supply chain
and logistic category. Almost 74% of respondents
were male demonstrating a wide gender gap
particularly in the higher age groups.

#
)

digital skills of the future

s Training Method

~
.'. 57%
of employees

prefer face to
face training

1 Training models and qualifications. Compared to national averages, the transport and
freight industry sampled in the survey demonstrated a lower level of qualifications held by
the workforce. Decision makers favoured non-accredited industry-based training and
professional development, followed by vocational training. They also favoured hybrid
learning (combination of online and face-to-face) and training.

1 Managerial support for diversity programs and women. Team leaders and managers
appeared to be most involved in developing the digital skills for their employees. Both
decision makers and employees agreed on the need for diversity programs to support
gender equality and upskilling of women.

1 Human skills as complements to digital skills. The industry generally recognised the
importance of soft skills particularly when used to complement digital skills. The
Owillingnewas ttohd emoqntd desired human skill, f
Empathy and emotional intelligence were ranked lowest.
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1 Role of Government. When asked whether their organisations received support from
government to improve their workforce digital skills, a considerable number of respondents
were Auncertaino. The hi glsamaevoarefsl and focusechcer t ai
investigation of their perspectives is needed.

Recommendations

Insights gained from the stakeholder consultations and reviews of best practice from nations
such as Singapore, South Korea and Japan who are recognised as international leaders in
this space, helped to inform recommendations for some policy directions. Although non-policy
factors such as cultural and political issues played some role, it was ultimately national policies
that made these nations stand out compared to other nations. For Australia, recommendations
and policy directions to drive successful digital skills development include:

1 Provide leadership and national commitment to occupational digital skills
development. The need for a nationally orchestrated approach in defining the needs of
current and future workforce skills in the transport sector is needed. Governments at all
levels can assume a leadership role to help identify and establish strategies to inform
future policies and mechanisms for creating future transport and mobility workforce. A
coordinated approach could see development of new initiatives such as creating a national
grant program, or digital workforce upskilling grants, to expand access to high quality
digital skills instruction and apprenticeships. This can be informed through convening a
national summit on transport digitalisation and automation, and analysis of existing
datasets to determine which programs produce favourable outcomes for learners and
narrow equity gaps.

The stakeholder consultations and responses obtained from the survey that was
undertaken in this study also pointed to a lack of gender diversity in the Australian transport
and freight workforce, including leadership positions. Evidence from the international
literature suggests that a consistent approach to incorporating a gender dimension into
transport policies, and improving the gender balance in the transport workforce would have
a significant impact and would remove the diversity barriers that currently undermine the
transport and freight sectors

i Establish a measurable national standard for industry-specific digital upskilling
programs. The Commonwealth and states can work together to define and embed
occupational digital literacy in
workforce and educational _
policies in transport and freight. e e
This can be achieved through programs
updating national workforce
strategies to include additional
investment in support of digital
skills development as a core g A —
component of any adult ‘natﬁgggleégmﬂﬁrrﬁemJ Policy o i
education program. The new T °“:§§2§:§;?;§399J
investments can also support Directions I ER ,
formulation of a national digital -/
literacy curriculum so that

to occupational
digital literacy

education and training

institutions, and lifelong

learning organisations can use Incentivising private
investment in digital

the curriculum as a template to skills

develop and innovate their

delivery and  assessment

services. This approach should also be informed by a national digital literacy audit around
education and employment outcomes, and evaluation of the skills required now and into
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the future to develop a strategy to close the gap. Policymaking directions can also include
research to develop and invest in a scalable, low-cost digital assessment and aligned
learning technologies in partnership with employers to empower them to assess the
foundational competencies of their workforces.

1 Form networks of partnerships between businesses, education providers and
community. Forming sector-wide partnerships will ensure that the significant investments
needed to respond to digital workforce upskilling requirements are aligned with
employment opportunities in key industries such as transport. By helping businesses to
work together with education and training providers, these partnerships can ensure
community and industry-driven solutions that equip workers with skills that match local
empl oyersé needs. Governments at al | l evel
foster partnerships to help scale employer-based upskilling best practices. Importantly,
such partnerships help to strengthen the link between transport and freight efficiency and
national/international competitiveness as a result of a more integrated supply chain
thinking.

1 Incentivise private investment by expanding scope of tax policies. Opportunities to
introduced robust incentives and tax credits or exemptions can help drive private
investment in recruitment and training. This includes prioritisation of targeted tax policies
that preference work-based learning and upskilling for workers. Eligible cost deductions
can be used to kickstart private investment in essential digital skills training. A restructure
of tax credits would, for example, reward companies that hire people with low basic skills,
including foundational digital skills, via a tax credit that partially offsets costs incurred by
businesses. A holistic approach also opens up opportunities to treat the digital skills gap
as a pressing social issue, reaching people who are most at risk of falling behind.

Recommendations for future research

The findings from this study provide opportunities for
future research directions targeting interventions to
accelerate transport digital workforce skill development
in Australia.

This research is intended as a
first step in providing a catalyst for

developing a national cohesion in
1 Undertake research to address data gaps. Future policy discussions and identifying

research should expand on the stakeholder surveys
(coverage and sample size) and supplement these
with interviews and follow-up meetings to offer
respondents an opportunity to provide more
information. Future research can also explore
methodologies for creating a central data repository
of survey results in a manner that makes it possible
to undertake more regular surveys to monitor
progress with workforce development, and undertake
national comparative evaluations of interventions and
assess their effectiveness.

1 Undertake qualitative and case study research.
This study, through a Ilarge-scale industry
consultation, identified the wider industry trends in
terms of skills gaps and training needs. While a
survey-based approach revealed important insights
on the high-level trends, future research should
consider a more thorough deep-dive qualitative

pathways to accelerate transport
digitalisation skills and training
requirements.

Next steps will need to include a
concerted effort to bring key
stakeholders together to
undertake research to address
data gaps and collection of
information to monitor progress
on effectiveness of initiatives,
involving key stakeholders in the
co-design of training courses and
material, and developing a
framework for digital skills by
occupation in transport and freight
sectors.

approach that could further uncover the identified organisational, cultural and industrial
issues related to challenges and opportunities in skills shortage and workforce
development. A qualitative assessment can be supported by the in-depth interviews
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suggested above and through focused case studies of small, medium and large
enterprises.

1 Undertake participatory design for next generation training models. Future research
should also consider participatory design approaches involving various stakeholders to
develop the next generation training models for the transport and freight industry. A
participatory design approach would recognise that such solutions are not strictly driven
by the needs of employers and education providers, but there are important socio-
technical aspects that should incorporate the needs of current and future workforce, from
conceptualisation to delivery and continuous upskilling. A participatory design approach
will ensure all stakeholders are willing to collaborate in the design and development
process.

91 Develop standardised digital skills definitions, measurement, and assessment
tools. The marked variations in digital proficiency, referred to as fragmented knowledge,
remains common in many workplaces evenwithso-c al | ed fAdi gi t al nati ves.
the fragmented knowledge implications in the transport and freight sectors can help
policymakers and advocates avoid making assumptions about who lacks digital skills and
why, and which interventions could help build skills. In addition, some digital skill needs,
and standards can be very specific even at the level of functional areas in transport and
freight. Understanding and quantifying digital skills across functional areas would require
establishing a host of baseline digital competencies that prepare new and incumbent
workers for entry-level positions.

91 Develop aframework for digital skills by occupation in transport and freight sectors.
Without a standard way to quantify employeesd ¢
and employers would find it challenging to determine the core competencies which
underline digital fluency at work. This approach was beyond the scope of this research
and could be one of the priority directions of future studies on the topic.
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Introduction

This project aims to develop a deeper understanding of the I

workforce implications resulting from the digitalisation and This research reviewed

automation of transport in the context of the Australian market. international best practice in the
The project will assess the future skills gaps and training needs development of future skills to
in Australia as a result of technological change and will identify address transport and freight
new job opportunities from the introduction and operation of digitalisation, with a view to

automated transport interventions such as automated ride- understanding the learnings from
sharing and public transport services, automated freight vehicles,  ne experience of countries with
and automated ports and vessels. The project outcomes will higher levels of transport and

contribute to a better understanding of the types of occupations  frejght digitalisation and

and sectors that will potentially be most affected by automation preparedness and how these

and digitalisation of transport to help the Department in could be adapted to help

developing strategies to assist employers and workers with  Aystralian decision makers shape
reskilling and training programs to transition them to the new  he policies and regulations

required to drive the digitalisation
This project comes in response to the evolving workforce | N Australiads

digital workforce requirements.

requirements for adoption of digital technologies in transport sectors.
including planning, implementation and management of services,

t

products and networks for transport and mobility. To achieve  This section of the report presents

these objectives, the project will rely on desktop research and  the background to the study,
analysis of future skills needs to determine the extent of current ~ Motivations for research, the
and future anticipated needs and identify key actions and S t U dayné and objectives, and
strategies to address any gaps in this rapidly changing transport  the contributions of this work to
ecosystem. The research will also include key stakeholder  knowledge on the topic and

consultations to ensure that the findings reflect industry and ~ Practical outcomes to the
government experiences of the barriers, opportunities and industry.

benefits of upskilling the Australian workforce to meet the

requirements of transport and freight digitisation across all users

and transport modes, including road, rail, maritime, and aviation, which are part of the transport
and freight sectors.

Research background

The deployment of advanced technologies in the transport sector will present challenges as
well as opportunities for workforce development in Australia. There is emerging concern that
Australia will face skills challenges in relation to digitalisation and automation of transport
systems. At the same time, widespread deployment of these technologies will also present
opportunities to open-up new industry sectors and occupations that were not available
previously. For example, vehicle automation and the emerging business models surrounding
future visions of autonomous mobility-on-demand services, could offer opportunities to free up
human resources from driving/operation tasks to be diverted to enhanced customer service-
focused tasks as well as improving the safety and efficiency of automated operations through
remote monitoring and interventions. It may also assist certain sectors in early identification of
skills gaps or potential retraining opportunities from one occupation to another, i.e.,
occupations with a certain number of common skills that can be slightly adapted to meet future
technology sectors--e.g., computer analyst to work on automated vehicle technologies.

The learnings from this research will help to identify the barriers facing the industry and
governments in driving future skills development and how these barriers can be overcome.
Policy and regulatory opportunities will be also considered, with openness towards considering
well-established as well as innovative and emerging approaches. This project will also
contribute to the understanding of the extent of these issues and attempt to summarise current
and prospective skills and training needs in the transport and mobility sector and identifying
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ways in which any gaps could be addressed with a key focus on the skills needed to enable
greater digitisation (and the productivity it unlocks). The project outcomes will help to highlight
the skills gaps and develop national cohesion in the discussion of skills and training
requirements in the transport and mobility sectors.

Research objectives

The main objective of this research is to investigate how best to create an optimally skilled
Australian workforce of the future in the face of transport and digitalisation and technological
advancement. To achieve this, the project identified evidence-based findings on:

1 What are the emerging skills required in the transport sector from a digitalisation
perspective?

1 How will transport digitalisation and automation impact the current workforce and job
market?

1 What are the potential new job opportunities that could emerge from widespread
technological developments in the transport industry?

1 What are the global best practices and approaches being implemented to address
skills gaps in transport as a result of greater digitalisation

1 How should transport organisations in Australia respond to any emerging skills gaps?

1 What are the priority training needs and key areas to invest in training where the
highest impact would be felt?

The project focused explicitly on future (medium and long-term) skills needs related to impacts
of transport digitalisation and automation, rather than current short-term needs. Through
desktop studies, surveys and stakeholder consultations, the project determined the extent of
the future anticipated needs, and identified key actions and strategies required to meet these
needs in a rapidly changing transport ecosystem. The research was also informed by review
of international best practice and lessons learnt from a number of jurisdictions overseas who
are recognised as key leaders in this space and have already embarked on strategies to
address the future skills challenges.

Research contributions

The outcomes from this research will provide important directions for policy making at national
and state levels in Australia on how best to create an optimally skilled transport and mobility
workforce of the future in the face of digitalisation and technological advancement. This will be
achieved through examining the existing literature and through learnings from stakeholder
consultations and identifying evidence-based findings on workforce related issues such as
emerging skill gaps, how local transport firms intend to respond to the gaps, practices
implemented by businesses and governments overseas, and key strategies required to
address the skill gaps in Australia. The project will also add value to the understanding of
challenges and opportunities of the future workforce in a rapidly changing transport ecosystem
and will help in adapting policies and regulations governing workforce and employment in
Australia, thereby allowing the sector to transition effectively to the digital economy. The final
report from this study will be available to DITRDCA, iMOVE CRC and its participants, and
potentially the wider transport and mobility industry to inform workforce development and
investment in the right training needs.

The outcomes from this research will also help to inform the transport industry in developing a
deeper understanding of the current state of developments, emerging trends and future
directions in preparing future skills to improve the use of digitisation in transport and freight
across different modes and uses in Australia. The study will also help to build cohesion and
leadership in Australia to promote discussions around shaping the future directions of this
important and vital economic sector.
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ResearchApproach

To achieve the objectives of this study, the research
team reviewed and examined existing literature, both in
Australia and internationally. This created an
understanding of the key required skills and the
characteristics of the desired future transport and
mobility workforce needed to support transport
digitalisation. The project then provided an assessment
of the current situation in terms of skills currently
available to the Australian market, both in terms of local
skills as well as skilled migration lists, which helped the
research team to understand the skill gaps and training
needs in various parts of the transport and mobility sector
in Australia. This study drew on some existing work
conducted by iIMOVE CRC with complementary research
activity across a representative set of industry
stakeholders (large, medium, small; public and private
organisations). This approach was essential to identify
and prioritise widely prevalent skill gaps and stakeholder
appetite to address these.

The research included the following key tasks:

1 Understand the key required skills and
characteristics of future transport and mobility
workforce to support transport digitalisation
and automation

1 Assess the current situation in terms of current
skills available to the Australian market

1 Identify skills gaps and priority training needs in
various parts of the transport and mobility
sectors in Australia, and key areas to invest in
training

|
Completion of this research was
focused on desktop studies and
stakeholder consultations. The
desktop studies included a
comprehensive literature review
and environmental scan that
systematically surveyed and
interpreted relevant studies to
identify the current state of
knowledge, the opportunities,
challenges and barriers that could
influence future workforce
developments and decisions in
Australia.

This section of the report presents
the research approach, the key
questions to be answered, the
literature review methodology, the
framework for understanding
future transport digital skills in the
context of transport digitalisation
and automation, and the digital
literacy and digital skills
frameworks including the
Australian workforce digital
literacy skills framework which
was adopted in this work.

T Undertake a detailed case study on automated vehicle-specific workforce skills that
can be used as an example to show the range of skills required to drive innovations

in this field

9 Draft strategies and pathways to support actions to reduce gaps and upskill the

workforce

The project also considered and identified key actions that could be taken to address each of
the gaps, including the level and form of training needed (e.g., online, face-to-face, workshops,

short courses, micro-credentials or blended mode).

Key questions that were addressed by this project, including stakeholder consultations:

1. What are the key skills required and characteristics of a future workforce to support

transport digitalisation? (Refer to section A Fr amewor Kk

transport )digital skil

for under st a

s 0

2. What is the current situation in terms of current skills available in the Australian market?
(Referto se ¢ t iWmnkforde readiness for transport digitalisation and automation™)
3. What skills gaps exist in the transport and mobility sector, as they relate to technology
and data? What training might resolve these gaps? (Refer to section i Wor kf or c e

readiness for

transport )digitalisation

and al

4. What issues are being experienced that require training to address? (Refer to section

ADi gital skills

traini)ng

schemes and progr amr
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5. What technical and soft skills areas should be addressed in training? (Refer to section

ADi gital skills traini)ng schemes and progr amr
6. What level of skill is required now and into the future and how best to satisfy that
demand? (Refer to section i gi t al Skills Training Schemes

7. What delivery formats of training are most appropriate? (Refertose ct i on SkilBi gi t al
Training Schemes and Programmes"

8. What is the willingness of industry to invest in training in particular areas (time and cost)
including supporting research students? ( Re f er t Digital 8kills Survayo )i

9. What local and international online training initiatives exist and how likely they would
be useful and accepted by Australian participants. (Refer to sect i on Skii gi t al
Training Schemes and Programmes")

10. What opportunities are available for Australian organisations to develop training
material that can be applicable to stakeholders globally? ( Ref er t o secti ons
Skills Training Schemes and Programmeso afnOdi gi t al Skills Surveyo

Literature review methodology

This study adopted a hybrid literature review approach (Figure 1) that scanned both academic
and industry bodies of knowledge using online indexes and relevant databases to identify key
sources of information that fit pre-determined search criteria. The scan of academic and
research literature relied on an established bibliometric and literature review approaches using
online databases. This approach is beneficial to ensure the literature has been collected
robustly and the results of analysis are objective, comparable, quantifiable and reliable.

Literature Review res&?gﬂeaitrzes and Identify key S?ﬁéﬁgﬁ;':ggﬁc’
Process objectives research questions online databases
Reportin Results and critical Analyse D?FILTSS?C?: ;r?gly

P 9 evaluations bibliometric data

exclusion criteria

Figure 1: Literature review framework

The review methodology included a number of key tasks such as defining the research
guestions and goals; defining the inclusion and exclusion criteria; searching the technical
databases and extracting relevant content and data; and assessing the quality of results and
undertaking analysis and critical evaluations. The inclusion and exclusion search criteria
included limiting the search to digitalisation aspects of key modes of transport that include
road, rail, maritime and aviation. It was agreed with the Department that public transport and
active travel will not be included as a first priority in this research.

Data sources
The key data sources used for the review include:

1. Scopus and Web of Science databases. These databases cover academic and research
publications including journal articles, conference papers, books and book chapters

2. Industry and other public sources which cover industry technical reports (Error! Reference
source not found.).



More than 160 technical reports and scientific papers have been identified from a bibliometric
literature review which examined relevant literature on workforce implications of transport
digitalisation and automation (using Scopus and other search engines).

Table 1: Key industry and public data sources

Careers Institute i Reports and Data

Skills Australia

Accenture GAN Australia RMIT University - Reports

Australian Computer Society (ACS) German Aerospace Center (DLR) Scopus

Asia-Pacific Economic Cooperation Global Maritime Hub Shift2Rail

Australian Academy of Technology and | Google Scholar SkillSea

Engineering

Australian Government i Department of | IATA Statista

Infrastructure and Regional Development

Australian  Government 1  National | IBSA 1 Innovation and Business | Swinburne University of Technology i

Reports

Australian Industry and Skills Committee

IMD World Competitiveness Centre

TAFE NSW

Australian Railway Association

Institute for the Future (IFTF)

The US Department of Education

Austroads

International Labour Office (ILO)

The Victorian Chamber of Commerce
and Industry Transport

Council

BCG and The Network International Railway Research | TR News
Board IRRB
CEDA - The Committee for Economic | KPMG Australia Transport for NSW 1T NSW
Development of Australia Government
Centre for Future Work - Australia Institute | Labour Market Insights Transportation  Institute - U.S.
Depart ment of 1
University
Committee for Melbourne LDSCi Logistics and Defence Skills | Trapeze

CSCMP i Supply Chain Quarterly

Marsh

UAW International Research

CSIRO and Data61

National Industry Insights

University of Nottingham - Reports

Deloitte

National Centre for Vocational
Educational Research i NCVER

US Bureau of Labour Statistics

Department for Transport, UK

National Operations Centre for

Excellence NOCoE

Victoria State Government T
Department of Transport

Department of Transport and Main Roads
T Queensland Government

Nesta - UK innovation agency for
social good

Victoria University 1 Institute of
Sustainable Industries and Liveable
Cities

Distribution and Logistics Sector, Ireland

Discover Data Science NZ Transport Agency Western  Transportation  Advisory
Council (WESTAC)

E2 (Environmental Entrepreneurs) OECD i-Library WILEY

Energy and Environmental Research | Pearson World Bank Group

Associates

Expert Group on Future Skills Needs - | PwC World Economic Forum

Future Skills Centre i Labour Market

Information Council

RAND Europe

World Maritime University




Framework for Understanding
Future Transport Digital Kills

This research aimed to provide direct practical outcomes for Australia based on learnings from
international best practices in future skills development to address and enable digitalisation of
transport and freight. The literature review completed has helped the research team to position
this project in the context of the global landscape and developments as described next. This
report first places the project in a context aligned with global transport challenges, opportunities
and emerging trends that can provide immediate, short and long-term solutions that are directly
relevant in the Australian context.

The review undertaken was used to develop a framework for understanding best practice of
digitisation in transport and freight and what these imply for future digital skills requirements of
the transport workforce. The development of this framework was helpful for achieving the
objectives of this research and completion of all key tasks. The framework is broken down into
the following stages:

9 Identification of drivers of change for digitalisation of transport and freight

9 Identification of key paradigm shifters and game changers in the future transport
ecosystem

T Identification of key enabling and supporting technologies and digitalisation trends

9 Identification of emerging technology trends and business models that will change
the workforce ecosystem of transport

I Transport and freight digitalisation and automation framework and implications for
future workforce

1 Matching future skills and competency requirements with current and expected
workforce groups in transport and identifying leading relevant scenarios on
employability enhancement in the future.

Identification of drivers of change for digitalisation of
tra nsport and freight

The review showed that transport and freight activities in countries around the world still
present big challenges to decision-makers and policy makers. Despite years of strong
investment in transport infrastructure, passenger transport, mobility and freight solutions,
transport and freight sectors are still challenged by high levels of congestion, long travel
distances and unreliable travel times (Dia, 2017). These issues are becoming more pressing
with rising populations and projectionst hat two thirds of the worl dos
by 2030 (Dobbs et al., 2012). In Australia, it is projected that population size will reach 26-30
million by 2030 (ABS, 2018). This growth will be driven by the increasing prominent role of
cities at the national and global stages but is likely to result in profound changes in urban
environments and communities and will place additional strains on the infrastructure required
to deliver vital services like transport, energy and communications.

Today, transport systems face a large number of challenges, including rising urban
populations, congestion, environmental emissions, road crashes and injuries, and ageing
transport infrastructure. These challenges occur amidst limited budgets to maintain and
upgrade the infrastructure required for resilient and modern transport systems, freight and
logistics, and public health. In more recent times, challenges have included pandemics,
including the COVID-19 crisis the world is currently witnessing. These challenges are global,
and they affect fast growing cities and towns in both emerging economies and developed
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countries (Neumann, 2015; Winston and Mannering, 2014) including Australia. Due to the
shared nature of transport infrastructure, the challenges are not unique for personal mobility

or freight transport and impact the wider transport ecosystem.

Appendix A of this report details the key global challenges as summarised from recent review

work (Dia et al, 2020). These include:

Rapid urban population growth
Road and user safety
Congestion

Ageing infrastructure
Environmental emissions
Transport systems resilience
Transport energy provision
Climate change

Public health and pandemics
Logistics and supply chains

= =4 4 -4 -8 -8 -8 -8 -2 -1

Identification of key paradigm shifters and game
changers in the future transport ecosystem

The review has also shown that conventional policy responses
and transport approaches for dealing with transport challenges
over the past half century have focused on the supply-side by
increasing the capacity of available infrastructure, such as
building more roads. This approach has largely met with limited
success, particularly in countries where the focus was on road
transport without equal attention to investment in other modes of
transport, such as public transport, electrification, active
transport and digitalisation.

Sustainable transport trends

Over the past three decades, however, substantial effort and
progress has been made with the applications of sustainable and
low carbon and low emissions solutions in the transport field
(Sutandi and Dia, 2005; Dia, 2017). With these approaches,
more focus is now given on the development of sustainable
transport systems which meet the needs of people while

promoting the community 6s soci al , envi r on MEPACYESINCreaaed. "¢ o n o mi

goals and aspirations. This has been partly due to the limitations
of the traditional approaches, and also due to a number of
emerging trends that have been enabled by advanced
technology platforms and new business models (Figure 2). For
example, instead of increasing supply and building more roads,
the new sustainable approaches focus on managing the demand
for travel and maximising the efficiency, reliability and resilience
of existing transport systems.

Induced travel demand

One of the key drawbacks of
conventional policy responses,
where travel demand is predicted
and then the infrastructure is built,
is the generation of induced travel
demand.

The theory of induced demand
indicates that road improvements
will over time attract additional
trips which would have not
occurred if the
had not been expanded. If

demands will increase until
congestion sets in again and
encourages more investment.
This results in a vicious cycle
where more travel prompts
governments to build more roads,
which get congested again in a
very short amount of time.

r
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Traditional Approaches

Focus on supply and building additional
infrastructure and capacity

Physical dimensions

Focus on mobility or physical movement
from an origin to a destination

Large in scale

Street as road for vehicles

Vehicle-oriented

Motorised transport

Transport modelling approaches
Traffic forecasting

Reacting to congestion and disruptions
Travel as a derived demand
Minimisation of travel times

Key performance indicators: Traffic
throughput and speeds

Planning by experts

Segregation of people and traffic

Economic evaluation driven by transport
efficiency gains

Funds raised through petrol taxes, vehicle
registration and licensing fees

Private car ownership

Spending on physical infrastructure

Emphasis on “knowing and seeing”, and
measuring past performance

Emerging Trends

Focus on demand management, maximising efficiency, reliability and
resilience of transport systems

Social dimensions (mobility benefits are equally and fairly distributed;
fair access to transport services for all income groups)

Accessibility: Focus on the mobility required for access to employment,
opportunity, goods and services

Local scale - precinct level
Street as space to be shared between all modes

People-oriented and customer-focused. Balanced development of all
transport modes

All modes of transport in a hierarchy with priorities for walking and
cycling

Scenario development and modelling

Visioning on cities

Focus on positive business and operational outcomes
Travel as a valued activity as well as a derived demand
Reliability of travel times

Key performance indicators: Accessibility, sustainability, social equity,
environmental quality, health and well-being and quality of life

Planning through transparent and comprehensive stakeholder
consultations

Integration of people and traffic

Multi-criteria analysis to take into account environmental and social
concerns

Congestion and road pricing, and user-pay models
New business models that promote a shift to car-sharing and ride-
sharing solutions enabled by technology platforms

Spending on information technology solutions, data fusion, predictive
analytics, integration, decision support systems and adaptive tools

Emphasis on “predicting and anticipating” in order to improve resilience
and avoid disruptions

Figure 2: Emerging trends and approaches for tackling transport challenges

Also, instead of focusing on the physical dimensions of transport, there is increasing focus on
the social dimensions and ensuring the benefits of transport projects are equitably distributed
across all segments of society. Instead of building infrastructure that is vehicle-oriented, more
focus needs to be given for balanced movement of all transport modes. One of the most
significant trends, in recent years, has been the impact of the sharing economy and the
disruption it is having on the traditional private vehicle ownership model.



Identification of key enabling and supporting
technologies and digitalisation trends

The past few decades have also seen proliferation of technology applications in transport and
freight planning and operations. Collectively known as Intelligent Transport Systems (ITS),
these applications have had significant impacts in improving traffic conditions and providing
travellers with seamless travel experiences. These technologies are expected to continue in
development and growth over the next decade. These systems, in the initial stages, were
referred to as the three dimensions of technology-enabled solutions that included
infrastructure, technology and users (Figure 3). These systems collectively aim to use
meaningful technology to create smarter mobility for better user experience (Dia, 2019).

Infrastructure

Supply and capacity
Network management and control
Asset management

Smart infrastructure Human factors
Asset optimisation Safety
Transport modelling Predictive modeling

&

Traffic forecasting

Tech nology Enhanced user experience Users
Sensor networks Understanding of
Smart devices Traveller information travel demand and
Communication platforms Behavioural modelling traveler behaviour

Control systems
Data analytics

Figure 3: The three dimensions of technology-enabled urban mobility solutions
Source: Dia, 2017

The motivation behind the ITS movement was a recognition the current travel trends are not
sustainable and building additional road capacity is not solving traffic congestion. Increasing
levels of congestion and their associated environmental, financial and social impacts prompted
think tanks around the world to place more emphasis on improving the efficiency of existing
assets through information technologies. Other motivations included limitations of urban space
and government budgets, which made it increasingly difficult to upgrade and construct new
transport facilities. Technologies such as adaptive traffic control systems and traveller
information systems created opportunities to address transport problems through application
of communications, and computer software and hardware to all modes of transport. Today,
there is increasing evidence (refer to case studies section) these technologies had good
outcomes. For instance, they reduced traffic congestion, enhanced network performance, and
improved safety and environmental quality by emphasising the efficient utilisation of existing
road capacity and transportation infrastructure over building roads (Nigarnjanagoo and Dia,
2005; Panwai and Dia, 2005; Dia et al, 2017).

Traditionally, ITS were primarily classified into three functional areas, which included advanced
traffic management systems, advanced traveller information systems and advanced vehicle
control systems. Advanced traffic management systems aim to maximise the efficiency of
existing infrastructure through better utilisation of existing road capacity (Dia and Gondwe,
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2008; Thomas et al., 2001). They include examples such as Sydney Co-ordinated Adaptive
Traffic System (SCATS), which offers enhancements to the operation of traffic signals by
adjusting signal timings to minimise the overall delays on the road network. Other examples
include automated incident detection, motorway ramp control, electronic road pricing (ERP)
and dynamic speed control (Dia, 2017).

Advanced traveller information systems aim to influence driver behaviour on departure time,
route and mode choice decisions by providing up-to-date real-time travel information (Dia et
al., 2001). This information can be provided to travellers either pre-trip or during travel.
Information provided to travellers can include traffic conditions; location of incidents; estimated
travel times to destinations; weather conditions (fog, ice, snow); public transportation
schedules; and ride-sharing information. This information can be provided to travellers using
smartphones, in-vehicle navigation systems and variable message signs (VMS) placed at
strategic locations on the road network.

Finally, advanced vehicle control systems aim to improve the safety and efficiency of vehicles,
and automating parts of the driving task (Dia, 2017). Most current implementations are
designed to allow the driver to override the automatic control at any time. Examples of these
systems include collision avoidance, traction and dynamic skid control, adaptive cruise control,
and automated parking. The aim of these systems is to produce an intelligent vehicle and
relieve the driver of some of the driving tasks. The developments in this space have resulted
in a range of new technologies that are now being experimented in the next generation of
automated and autonomous vehicles.

It is important to point out that in recent years there has been more focus in ITS R&D on
advanced network operations, algorithmic solutions and data-driven management and control
of transport systems. There has also been significant new research and progress into the
development of smart infrastructure and asset management systems; technology, sensors,
communications and control systems; and enhanced personal mobility (Dia, 2017).

Emerging technology t rends that will shape the future
work force of transport

This study also identified key emerging technologies that offer promise in addressing the key
challenges facing the transport and freight sectors and have potential to improve efficiency
and operations and their potential implications for future transport workforce.

In this section of the report, @merging technologiesdand disruptive technologiesbare referred
to interchangeably and refer to important technologies from any scientific discipline that share
four key d@isruptivedcharacteristics. These characteristics are:

1 high rate of technology change
9 broad potential scope of impact
1 large economic value that could be affected

9 substantial potential for disruptive economic impact

Although many technologies have the potential to meet these criteria eventually, we focus on
technologies with potential impact that is near enough at hand to be meaningfully anticipated
and prepared for. Therefore, the focus in this section will be on technologies that are believed
to have significant potential to drive economic impact and disruption over the next decade.

The first characteristic of a disruptive technology is that it is rapidly advancing or experiencing
breakthroughs. Disruptive technologies typically demonstrate a rapid rate of change in
capabilities in terms of price and performance relative to substitutes and alternative
approaches, or they experience breakthroughs that drive accelerated rates of change or
capability improvements.
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The second characteristic is that the potential scope of impact is broad. To be economically
disruptive, a technology must have broad reach, touching companies and industries and
affecting (or giving rise to) a wide range of products or services. The mobile internet, for
example, could affect how billions of people go about their lives, giving them tools to become
potential innovators or entrepreneurs, making the mobile internet one of the most impactful
technologies that we will discuss later. Similarly, 0T technology could connect and embed
intelligence in billions of objects and devices all around the world, affecting the maobility, health,
safety, and productivity of billions of people.

The third characteristic of a disruptive technology is that significant economic value could be
affected. An economically disruptive technology must have the potential to create a massive
economic impact. The value at stake must be large in terms of profit pools that might be
disrupted, additions to GDP that might result, and capital investments that might be rendered
obsolete. Advanced robotics, for example, similar to what is expected in autonomous vehicles,
has the potential to affect US$6.3 trillion in labour costs globally. Cloud technology has the
potential to improve productivity across US$3 trillion in global enterprise information
technology spending, as well as enabling the creation of new online products and services for
billions of consumers and millions of businesses alike (Dia, 2021).

The fourth characteristic of a disruptive technology is that the economic impact is potentially
disruptive. Technologies that matter have the potential to dramatically change the status quo.
They can transform how people travel, live and work and create new opportunities or shift
surplus for businesses, and drive growth or change the comparative advantage for countries.
Energy storage technologies, for example, could change how, where, and when we use energy
for transport.

A number of studies in the literature have over the past few years analysed a large humber
economically disruptive technologies in the transport sector. More than 50 possible candidate
solutions were considered and reviewed from academic journals, the business and technology
press, analysis of published venture capital portfolios, and hundreds of interviews with relevant
experts and thought leaders. In these studies, each candidate technology was assessed
according to the four criteria, eliminating some that were too narrow and others that seem
unlikely to start having significant economic impact over the next decade. The technologies
presented in this report have potential to affect billions of consumers, hundreds of millions of
workers, and trillions of dollars of economic activity across industries.

Today, there are at least seven forces of established and emerging trends that are expected
to have a profound impact on urban mobility over the next two decades (Figure 4), which in
turn will also have a big impact on future jobs and skills. Technologies such as CAVs, the
sharing economy, cloud and fog computing, and blockchain are each quite significant on their
own (Dia, 2017). But the real disruption will occur when these technologies converge and come
together. Then, their disruptive forces will magnify to create additional values and provide
innovations (Dia, 2017). Appendix C of this report provides more information about each of
these solutions and the role they play in transport and freight digitalisation and automation.
One of the key observations from the literature on this topic is that there is widespread belief
that while technology may eliminate jobs, it will not eliminate work.

As part of the literature review, this study also identified a framework for monitoring technology
developments through frameworks such as the Gartner Hype Cycle for Emerging
Technologies. The Hype Cycle is a graphical representation of a common pattern that emerges
with each new technology or invention. Gartner publishes around 90 Hype Cycles in various
domains each year to help stakeholders track technology maturity and future potential. An
example of the 2021 Hype Cycle is presented in Figure 5. The Hype Cycle includes five
phases as described next.
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Connected and
Automated Vehicles

Vehicle
Electrification

Smart

Mobility

Urban Air
Mobility

Intemet of Things
Mobile and Cloud

Computing
Smart mobility will be underpinned by a new
dimension of Artificial Intelligence where the mode
of transport will be a smart, self-moving device
embedded in a digitalised eco-system.

Figure 4: Emerging technologies and solutions for smart mobility
Source: Authors

1 Innovation Trigger: In this phase, a potential technology breakthrough kicks thing off.
Early proof-of-concept stories and media interest trigger significant publicity. Often no
usable products exist, and commercial viability is unproven.

1 Peak of Inflated Expectations: In this phase, early publicity produces a number of
success stories, often accompanied by scores of failures. Some organisations take action
while many other observe to learn.

1 Trough of Disillusionment: In this phase, interest starts to wane as experiments and
implementations fail to deliver. Producers of the technology shake out or fail. Investments
continue only if the surviving providers improve their products to the satisfaction of early
adopters.

1 Slope of Enlightenment: More instances of how the technology can benefit the enterprise
start to crystallise and become more widely understood. Second and third generation
products appear from technology providers. More enterprises fund pilots while
conservative organisations remain cautious.

1 Plateau of Productivity: Mainstream adoption starts to take off. Criteria for assessing
provider viability are more clearly defined. The technology& broad market applicability and
relevance are clearly paying off.

While the Hype Cycles include many limitations, they are useful in separating technology and
businesshmpdet sém t he real drivers ofThayasechnol o
reduce the risk of making hasty technology investment decisions and can be used to compare

an organusdeirenhédsding of a technologybsanbusines
independence of experienced technology analysts.
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Figure 5: Gartner Hype Cycle for emerging technologies, 2021
Source: Gartner

Transport and freight digitalisation framework

Decision-makers have access to a variety of policy instruments that can steer transport on a
path of sustainable development. These include land use, transport and environment
integration; human-scale and pedestrian-scale developments; densification; and investments
in social infrastructure. In recent years, however, there has been more recognition of the role
of digitalisation and smart technologies in enhancing the quality of life of residents through
better citizen engagement, enhanced provision of essential services, improved access to
economic opportunities, and better utilisation of existing infrastructure and transport assets
(ITF, 2015; Batty, 2013).

Many countries around the world have expanded their use of technology in many aspects of
life, resulting in a complex network of instrumented and interconnected systems which together
provide opportunities for better asset management, including transport assets and supporting
infrastructure (Batty, 2013; Kitchin, 2014). Examples of these technologies include loT
sensors, video surveillance, and instrumented assets that communicate with each other to
improve infrastructure capability and resilience (Kitchin, 2014). Businesses and governments
around the world are also investing heavily in technologies to support predictive analytics, Al,
machine learning (ML), and smart infrastructure systems to manage the performance of major
assets and detect areas where operations need improvement (Neumann, 2015). These trends
are likely to rise in prominence over the next decade to meet citi
quality services in all aspects of their lives. Although many countries have been applying
technology-led solutions in urban transport for more than three decades now (Rose and Dia,
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1995; Dia and Rose, 1998), the application of smart technologies and services has only
crystallised over the last decade.

In this research study, the framework for digitalisation of transport and freight places
sustainability, traveller wellbeing and economic viability at the heart of technology-led
innovations (Figure 6). In this framework, the policies and objectives of transport and freight
are first set by governments through stakeholder consultations resulting in economic,
environmental and citizen wellbeing objectives that are commensurate with community
expectations. To achieve the desired outcomes, a number of sectors, industries and essential
services are identified, and technology becomes an enabler for a smart mobility digital platform
that drives delivery of community objectives through digital innovations and enabling
technologies that could lead to a transformation of transport services and provision.

Traveller Well-being Policies

Road Rail Aviation and Maritime and
transport transport air transport [l shipping Sectors,
Active Public Freight, logistics and supply chain Industries and
transport transport management Services
Smart Mobility Platform TUNT .
Digital technologies, digital infrastructure, digi}r_(al services, cybersecurity, privacy, digital- D IQ Ita llsatlon d nd
ready regulatory frameworks, new business models and digital capabilities a Utomation
Enabling Technologies infrastructure and

Automation, data and video analytics, electrification, Al, machine learning and smart

algorithms and models, sensor networks, smart devices, connectivity, control systems, cloud se FViCES ecosyste m
services, Blockchain and disruptive technologies

» Emissions reduction « Easy access to opportunity » Productivity

* Energy efficiency « Travel safety « Efficiency 0 utcomes
» Low emissions vehicles * Health and comfort » Cost-effectiveness

* Resource optimisation » Reliability & efficiency » Reliability

* Resilient infrastructure * Accessibility and equity * New jobs

» Asset utilisation » Engaged & informed travellers » Skilled workforce

Figure 6: Transport and freight digitalisation and automation framework

For this research study, the analysis of transport digitalisation will first be based on the sectors,
industries and services that deliver the policy outcomes for transport as shown in Figure 4. It

will then identify the functional areas within each sector where technology and digitisation can

be applied to enhance performance. In freight, it is acknowledged there will be an inherent
overlap between the nature of each transport mode and its role in the freight activity. Therefore,

for the purpose of this research, we will present digitisation trends and solutions in each
transport mode without separating the modeds
separate analysis is then provided to examine the recent trends in the freight supporting
sectors, including logistics and digital supply chain management. The key sectors include:

1. Road transport.

2. Rail transport

3. Aviation and air transport

4. Maritime and shipping

5. Freight, logistics and supply chain management
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Although this framework could also include public transport and active travel, these two sectors
are outside the scope of this research and will not be prioritised in this study.

The analysis also details the smart mobility platform and enabling technologies used to
transform these sectors through digitalisation. For each transport sector, a range of functional
areas where digitalisation can be applied are then identified as shown in Table 2.

Table 2: Functional areas for the digitisation and automation of transport and freight

| Roadsector |

Road safety Adaptive traffic signal Network management Travel information
control and control systems

Road-rail intersection Traffic signal priority Managed motorways Demand management
safet and pre-emption

Freight, logistics and supply chain management sector

Warehousing and Last kilometre delivery Trade facilitation and Freight forwarding,

contract logistics and urban freight documentation aggregation and
customs brokerage

Asset and cargo Technology-based

management services for
commerce support
Information and Asset condition Operations and track
communication monitoring signalling
technology services
Airport safety and Airport operations Capacity management
securit
Safety and security Port operations Administrative Ocean and short-sea
procedures shipping
Maritime traffic
management
Common functional areas across multiple sectors (air, maritime, rail, freight)
Terminal  operations Quarantine and Infrastructure services
and management inspection and predictive asset

maintenance

Road transport sector

The road transport sector includes the movement of people and goods on road-based
infrastructure. The key functional areas where digitalisation and advanced technologies are
applied are presented in Table 2 and include road safety, congestion management, adaptive
traffic signal control, travel and traveller information systems, network management and
control, managed or controlled motorways, and traffic signal priority for on-road public transport
and emergency vehicle traffic signal pre-emption.

Rail transport sector

The rail transport sector includes movement of people and goods on vehicles that run on tracks
and enables commuting and the movement of carriages over short and long distances. The
key functional areas where digitalisation and advanced technologies are applied in the rail
transport sector are presented in Table 2. These include operations in above-rail (loco and
rolling stock) and below-rail (track signalling), terminal operations such as intermodal bulk,
guarantine, inspection and compliance, maintenance and engineering services and ICT-based
services (e.g., timetabling).

Aviation and air transport

The aviation and air transport sector generates benefits to the broader community by creating

virtual bridges and speedy air connections between origins and destinations for the movement

of people and goods. The main functional areas where digitalisation and advanced

technologies are used in the air transport sector are summarised in Table 2. These include
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airport operations, airport safety/security, capacity management, passenger services,
infrastructure services, predictive maintenance, passenger and staff safety and accessibility
to/from airports or urban bike-sharing launch pads.

Maritime and shipping

Maritime and shipping are the transport of people and goods through waterways. The key
functional areas in this sector where digitalisation and advanced technologies are applied are
presented in Table 2. These include digitisation of administrative procedures where reporting
is currently mostly manual, and improvement of port operations, safety, ocean shipping, short-
sea shipping, crew management, supply chain control/visibility, terminal management and
intramodality, and cargo and container and maritime traffic management.

Freight, logistics and supply chain management

The freight transport and logistics sector plays a critical role in the seamless movement of
materials and finished products in supply chains. The freight and logistics sector is increasingly
experiencing new waves of digitalisation that are creating significant changes and
transformations to the sector. The functional areas, presented in Table 2, include warehousing
and contract logistics, last kilometre delivery and urban freight, trade facilitation and
documentation, freight forwarding and aggregation, asset and cargo tracking for supply chain
visibility, and technology-based services for e-commerce support.

AppendixBpresent s descriptions for each of the sectoc
enabling technologies that are used to enhance the performance of each sector and functional

area. It is acknowledged that for each of these functional areas, non-technology solutions are

also available. The focus of this research, however, will be on the digital opportunities to

transform operations and improve productivity.

Digital literacy and digital skills frameworks

The review also identified a number of digital literacy and digital skills frameworks that can be
used to understand the different levels of digital skill requirements in transport. These
frameworks are described next.

DQ institute i Digital intelligence framework

TheDQ I nstitut ebs famawbrkdedivesla global ktandagdemdigial literacy,
digital skills and digital readiness. This framework, which is based on more than 25 prior
leading frameworks about digital literacy and digital skills, provides a common structure and
taxonomy around digital literacy, digital skills, and digital readiness that can be benchmarked,
referenced, and adopted across nations and sectors (including transport) worldwide.
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The DQ framework comprises 24 digital competencies that focus on 8 critical areas of digital
life. These include digital identity, digital use, digital safety, digital security, digital emotional

intelligence, digital literacy, digital communication and digital rights (Figure 7).
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Figure 7: The DQ digital competencies framework

Source: DQ Framework

These 8 areas can also be integrated within a framework of three objectives comprising digital
citizenship, digital creativity, and digital competitiveness (

Figure 8).
1 Citizenship focuses on the basic levels of skills needed to use technologies in

responsible, safe, and ethical ways
the creation of new knowledge,

1 Creativity allows problem-solving through
technologies, and content
1 Competitiveness focuses on innovations to change communities and the economy for
broad benefits
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Identity Technology Cyber-Risk Security
Management Management
Digital Co- Healthy Use of Content Cyber- Network Self-
Creator |dentity Technology Risk Security Awareness and
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Digital Civic Use of Commercial Organisational Relationship
Changemaker Technology and Community Cyber Security Management
Identity Cyber-Risk Management
Management

Digital Footprint

Management

Online
Communication
and
Collaboration

Public and
Mass
Communication

Figure 8: DQ framework for digital literacy, skills and readiness

Source: DQ Framework

The Australian workforce digital literacy skills framework
The Australian Digital Literacy Skills Framework provides a continuum of digital competencies
for various contexts including personal and community, workplace and employment, and
education and training. The framework aims to provide a consistent approach to identifying
and developing digital skills in the Australian workforce. The categories for this framework are
specific behavioural indicators that capture the technological, informational and contextual
knowledge, cognitive and practical know-how, competence and attitudes that are fundamental
to sustained workforce productivity in the digital environment. The framework includes five
levels of digital skills (Table 3).

Table 3: Five levels of digital skills
Source: Australian Workforce Digital Skills Framework

.

Digital skills
literacy

Cognitive
awareness and
understanding of
digital tools,
ways of working,
thinking and
living

Digital skills
competency

- Basic ability to
use digital tools,
ways of working,
thinking and
living to fulfil
simple tasks

The Australian workforce digital
need/performance and digital skill content is presented in Table 4.

.

skills framework,

Digital skills
proficiency

Well-developed
ability to apply
digital tools,
ways of working,
thinking and
living to fulfil
relatively
complex tasks

.

Media and
Information
Literacy

Content
Creation and
Computational
Literacy

Data and Al
Literacy

Privacy
Management

Intellectual
Property Rights
Management

Participatory
Rights
Management

Digital skills Digital skills

fluency savvy

Advanced ability - Ability to

to apply digital troubleshoot

tools, ways of problems in

working, thinking digital tools,

and living to fulfil ways of working,

complex tasks thinking and

with ease and living, and to

speed

combining the give

create innovative
work processes
and products
using digital
tools, as well as
capability to
quickly adapt to
the digitisation of
the warkplace.

levels of
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Table 4: The Australian workforce digital skills framework
Source: Australian Workforce Digital Skills Framework

Digital Level of need/ performance
skill
content . .
Literacy (1) Competency (2) Proficiency (3) Fluency (4) Savvy (5)
Digital Understand Basic use of Application of Evaluate and Suggest
tools for  various digital various digital advanced digital select solutions to
working tools tools tools COI‘!ﬁdEI‘Iﬂy’ a_ppropriate _solve problems
and efficiently digital tools for  in the use of
working digital tools
Digital Recognise Basic ability to Apply advanced Manage Identify and
ways of various digital work digitally such  features to work (analyse, articulate digital
working ways of working as find, retrieve digitally suchas to  compare, ways of working
and communicate search find, evaluate) the issues; propose
information from a  retrieve, process usefulness, alternatives and
variety of and communicate relevancy, participate in the
information information from credibility, and  implementation
systems in a advanced systems  reliability of of new ways of
variety of formats digital ways of  working
working
Digital Awareness of Ability to Investigates digital  Analyse and Absorbs
ways of how to seek communicate business evaluate the complex work
thinking support and problems related processes, strengths and problems and
assistance when to digital routines and weaknesses of demonstrates a
facing digital processes, products through alternative broad and deep
problems routines and an analytical and digital ability to create
products systematic solutions, innovative
approach to conclusions or  workplace digital
problem-salving approaches to  work processes,
problems routines and
products
Living in Awareness of Follow/comply with  Apply advanced Analyse digital Create policies
the digital threats basic tools, techniques risks and and guidelines to
digital and the social orqanisationgl ; and configurations comp!iance to improy.re digital
age and_ rules and policies to protect cqpynght and security and _
environmental to protect hardware, privacy to protect copynght
implications of hardware, software, identify and privacy and
digital software, information and security keep up-to-date
technologies as information and systems threats and with latest
well as basic systems (for vulnerabilities security, privacy
privacy and example, using and copyright
copynght anti-viruses and developments
provisions passwords)
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Workforce Readinessfor Transport
Digitalisation and Automation

The literature review identified more than 160 articles and
technical reports that discussed the global landscape of digital
skills and the current preparedness of the workforce for uptake
of digitalisation and automation in a large number of sectors
and industries. These studies provide useful insights into the
global and national landscape of digital skills which will be
useful to identify policies to address skills gaps in this industry.

In this section of the report, a number of key studies that
reported on the workforce readiness for transport digitalisation
and automation are presented.

Readiness of Australian transport
sector to adapt to emerging
technologies

In a study by the Australian Academy of Technology and
Engineering (AATE, 2019), the transport industry technology
readiness was assessed in terms of a number of indicators as
shown in Figure 9.

Readiness Indicators

Social
readiness

Infrastructure Skills

readiness availability

and commercial

This study considered the transport
workforce readiness for
digitalisation drawing on a number
of national and international
studies. These studies showed that
the Australian workforce digital
skills preparedness lagged behind
many other nations with a similar
country profile, even showing a
decline in readiness compared to
previous years.

For example, the Salesforce Digital
Skills Index (2022) ranked Australia
16 out of 19 countries with an
overall score of 21, compared to an
average of 33 for the 19 nations
included in the index.

Economic Policy

and regulatory

Low and zero
emissions vehicles

>
»
[~

Connected
autonomous vehicles

High frequency
mass transit

Intelligent transport
systems
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Figure 9: Australian transport industry technology readiness indicators

Source: Australian Academy of Technology and Engineering
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Togauge Australiabs readiness to address the tran
provide context for Australiads readiness to dev
2030, the Academy analysed potential transport solutions against five readiness indicators:

1 Infrastructure readiness

Skills availability

Social readiness

Economic and commercial feasibility

= =4 4 A

Policy and regulatory readiness

The analysis was informed by desktop research and stakeholder consultations with key

transport organisations from industry, government and research. The Academyoés fin
indicated that the Australian transport sector is least prepared in terms of skills availability (with

respect to low and zero emission vehicles, connected autonomous vehicles and high

frequency mass transit) and in terms of infrastructure readiness (with respect to low and zero

emission vehicles, high frequency mass transit and intelligent transport systems).

The Academy provided a number of key policy recommendations including the need to prepare
the Australian workforce for the digitalisation and automation transition. This recommendation
is described in more detail next.

Preparing the workforce for the transition to future transport models

To prepare the Australian workforce for the disruption of new transport technologies, the
Academy recommended that workers must be supported to develop STEM skills and obtain
the qualifications, skills and training to adapt to changing roles and tasks. The Academy
specifically recommended that:

i State and territory departments of education should strengthen the content and
teaching of science, technology, engineering and mathematics (including digital and
data technologies, design, and engineering principles) during upper primary and
compulsory secondary schooling to encourage students to pursue courses in these

areas
1 Universities and academic institutions, in collaboration with industry, should provide
and promote course optionst hat wi | | assist Australiab6s cur

develop the skills required to meet the demands of the future transport sector. These
may include, but not be limited to, skills in data analysis and modelling, city planning,
software development, geospatial technologies, network and data security, logistics,
skilled trades, transport data administration and project management

1 Higher education and research organisations should prioritise research studies that
examine the skills requirements to meet future transportation needs, and map these on
existing incentives and accreditation processes.

Digital skills indices: Global competitiveness index

The Global competitiveness index, produced by the World Economic Forum (WEF, 2020) for

a large number of countries, provides i nsights i nt oande ach n
communication technology (ICT) adoption, flexible work arrangements, digital skills and digital

legal frameworks (Figure 10).

Out of these indicators, the ICT adoption, digital skills and digital legal frameworks indices are
particularly important for this study. The ICT adoption index is the average of a number of
i ndicators including I nternet user sdecgldarcent ag
telephone subscriptions per 100 population; ratio of Fibre-to-Fixed internet subscriptions per
100 population; and ratio of mobile-broadband subscriptions to mobile-cellular subscriptions
per 100 population.
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The digital skills index refers to the response to the survey question "In your country, to what
extent does the active population possess sufficient digital skills (e.g., computer skills, basic
coding, digital reading)? 1=Not at all; 7=to a great extent.

The digital legal framework refers to the response to the survey question "In your country, how
fast is the legal framework of your country adapting to digital business models (e.g., e-
commerce, sharing economy, fintech, etc.)?" [1 = not fast at all; 7 = very fast].

ICT adoption Digital Skills Digital Legal Framework

Country Score Country Score Country Score
1 Korea, Rep. 93.7 Finland 84.3 United States 78.0
2 United Arab Emirates 92.3 Sweden 79.5 Luxembourg 77.4
3 Hong Kong SAR 90.2 Estonia 77.9 Singapore 76.5
4 Sweden 89.7 Iceland 77.6 United Arab Emirates 72.5
5 Japan 88.3 Netherlands 77.3 Malaysia 70.0
6 Singapore 88.1 Singapore 77.3 Estonia 69.3
7 Iceland 87.8 Israel 78.5 Sweden 67.9
8 Norway 84.7 Denmark 4.7 Finland 67.7
9 Qatar 839 Saudi Arabia 741 Germany 67.3
10 Lithuania 83.8 Korea, Rep. 73.0 Netherlands 65.5

Figure 10: Top ten countries in ICT adoption, digital skills and digital legal frameworks
Source: World Economic Forum (2020)

As shown in Figure 10, these indices show that Australia is not well prepared for ICT adoption,
digital skills or digital legal frameworks. The study provided several recommendations and
timeframes for reviving and transforming the enabling environments. Key priorities include:

Scale up reskilling and upskilling in emerging skills, combined with active labour
market policies

This includes focused efforts to renew training systems across various age and experience
cohorts, with an emphasis on the skills needed for emerging jobs. This update would be
urgently needed in secondary education to ensure that future generations of young people
enter the labour market with job-ready skills. Talent shortages may remain endemic until there
was substantial escalation in mid-career reskilling and upskilling programmes. Specific policy
efforts will need to target reskilling and upskilling for those who are at greatest risk of job
displacement or are currently displaced. Unemployment services aimed at those out of work
can encompass both income support schemes to maintain living standards during times of
hardship and access to relevant retraining opportunities mapped to emerging jobs and skill
sets to empower future labour market re-allocation. New technologies can support this
process, mapping career trajectories and identifying personalised training opportunities.

Update education curricula and expand investment in the skills needed for jobs in
markets of tomorrow

This includes mapping and defining the skills needed to drive the markets of tomorrow to
develop new and cutting-edge knowledge, and to engage in the production of frontier
technologies. To create such a transformation towards the jobs of tomorrow, economies must
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fundamentally upgrade technical and vocational training and university education for both
students and workers on an ongoing basis. Policymakers must also innovate and refresh how
school curricula teach the core skills that must be seeded for innovation capability later in life
through creativity and critical thinking skills. Education and training systems will also need to
be updated not only to prepare children and adults for future employment but also prepare
them to be socially just citizens. New technologies could unlock the ability to scale access to
education and to update curricula at a faster pace.

Future digital readiness: IMD world r anking

The IMD World Digital Competitiveness Ranking presents overall rankings for 64 economies,
calculated on the basis of 52 ranked criteria. For each country, a summary is provided for
ranking criteria including talent, and training and education (Figure 11).

TheIMDr anking shows that Australiads digit
20 between 2020 and 2021. A u s t r fatureé digiias readiness, training and education
were also found to lag behind other similar profile countries featured in the ranking.

OVERALL PERFORMANCE (64 countries)
Overall Factors Sub-Factors

19 —F— =8 37 18

K Talent Training & education Scientific concentration
nowledge

20 — 18 ——— 17 17 27
Technology Regulatory framework Capital Technological framework

22 —— 4 55 21

The direction of the triangle indicates the
performance change from the last year:

2\ improved or stable Future readiness
WV dedlined

Adaptive attitudes Business agility IT integration

> Overalltop strengths AUSTRALIA

[> Overall top weaknesses

KNOWLEDGE

Subfactors 2017 2018 2019 2020 2021
Talent 8 8 7 6 8
Training & education 51 32 29 28 37
Scientific concentration 14 I 13 19 18
Talent Rank Training & education Rank Scientific concentration Rank
Educational assessment PISA - Math 28 [> Employee training 58 Total expenditure on R&D (%) 21
International experience 45 Total public expenditure on education 22 Total R&D personnel per capita -
Foreign highly-skilled personnel I Higher education achievement 15 Female researchers
Management of cities 24 Pupil-teacher ratio (tertiary education) - R&D productivity by publication 17
Digital/Technological skills 44 [> Graduates in Sciences 58 Scientific and technical employment 13

P Net flow of international students 2 Women with degrees 12 High-tech patent grants 41

Robots in Education and R&D 22

Figure 11: Digital competitiveness country profiles - Australia
Source: IMD World Competitiveness Center
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Salesforce digital skills index 2022

The Salesforce Digital Skills Index (Table 5) is a global score for digital readiness that compiled
in terms of preparedness, skill levels, access, and active participation in digital upskilling. The
Index includes 19 nations where the workforce is scored on digital skills readiness across areas
such as preparedness, access to learning resources, skill level, and participation in training.
The latest ranking findings show that three out of four respondents said they felt unequipped
and unprepared for some of the most important digital skills needed for the workplace. The
index also identified three major skill gaps: everyday skills gap, generational skills gap, and
leadership and workforce skills gap. This is challenging as it is estimated that 14 G20 countries
could miss out on $11.5 trillion cumulative GDP

In the 2022 Salesforce digital skills index, Australia was ranked at number 16 out of 19
countries. Australiads overal/l i ndex score was
19 nations included in the index.

Table 5: Salesforce workplace digital skills readiness

Source: Salesforce Research
Percent very Percent very = ivel
repared with equipped with ercent very actively
Overall P i learning/training on |Rank
Country index workplace digital resources to learn digital skills
score skills digital skills 9
Now 5 years Now 5 years Now 5 years

India 63 76% 58% 66% 50% 2% 53% 1
Brazil 53 68% 63% 50% 44% 44% 41% 2
Thailand 48 51% 58% 42% 48% 39% 43% 3
Mexico 47 52% 52% 29% 32% 46% 46% 4
Argentina 41 43% 45% 22% 28% 36% 43% 5
United States 36 44% 38% 29% 26% 29% 26% 6
Singapore 35 36% 34% 27% 29% 29% 30% 7
Sweden 30 40% 34% 26% 23% 24% 22% 8
Ireland 28 32% 24% 21% 14% 23% 17% 9
New Zealand 28 36% 27% 24% 18% 20% 18% 9
Germany 25 39% 28% 24% 18% 17% 13% 11
Italy 25 23% 16% 14% 13% 17% 18% 11
Netherlands 24 36% 26% 23% 17% 21% 16% 13
Canada 23 30% 23% 19% 14% 14% 14% 14
France 22 27% 20% 15% 14% 16% 16% 15
Australia 21 26% 20% 17% 12% 14% 12% 16
Ei”r:;eddom 21 30% 20% 17% 15% 13% 11% | 16
South Korea 17 14% 12% 8% 9% 14% 16% 18
Japan 15 21% 13% 13% 9% 14% 13% 19
Global 33 40% 34% 27% 24% 28% 26%

For Australia, respondents ranked the following five digital skills as being most critical for
businesses to invest in over the next five years in Australian workplaces: Collaboration
technology, digital administration, encryption and cyber security, project management
technology, data science and analytics, and database management. It is also noteworthy to
understand how Australia performs compared to India which was ranked first in this ranking.
Figure 12 compares the workplace digital matrices for the two nations where the digital skill
levels are mapped against importance and clearly demonstrate the higher importance placed
in India on advanced digital skills compared to Australia.

26


https://www.salesforce.com/news/stories/salesforce-digital-skills-index-details-major-gaps-across-19-countries/

Workplace Digital Skills Matrix
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SKILL LEVEL

FILTER BY

Country
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Avrtificial intelligence

Coding and app developments
Collaborstion technology
Creative design

Data science, OB managemesnt,
analytics

Diata visuslisation

Digital administration

Digital green/sustainahility
Digital marksting

E-commerce and digital trade

Emncryption and cybersecurity
Product management technology
Froject management technology
Szles technology

Workplace Digital Skills Matrix

IMPORTANCE

SKILL LEVEL

FILTER BY

Country R

Adia -

Generation

Artificial inteligence

Coding and app developments
Collaboration technology
Creative design
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analytics

Drata wisuslisation

Dgital administration
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Digital green'sustainability
Dgital marketing

E-commerce and digital frade

Encryption and cybersecurity
Product management technology
Project management technology
Sales technology

Figure 12: Salesforce workplace digital skills matrices

Source: Salesforce Research
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Wiley digital skills gapsindex 2021

Wileybs Digital
policy |l eaders to

S kig al plammingGaoldor dompatatex acadddn® Ghd)public
assess

their progress against

digital skills (Figure 13). The index is informed by different data sources including job roles in
increasing and decreasing demand across 15 industries from 26 economies.

Digital Skills Gap by Industry

Across the APEC economies, Education and Training was identified as the sector with the widest digital
skills gap. Public Administration was also thought to have a significant digital skills gap.

In your opinion, in which three of the following
sectors is the digital skills gap widest?

Education & Training 45.6%

Public Administration (Government) 42,5%
Health Care & Social Assistance 41.3%

Construction

Manufacturing 24.7%

Professional, Scientific, & Technical Services 24.3%
Mining, Quarrying, Oil & Gas Extraction 21.0%
Utilities

Wholesale & Retail Trade

Arts, Entertainment, & Recreation

Transportation & Warehousing

Information - Publishing (Incl. Software)

Finance & Insurance 10.0%

] 10 20 30 40 50

Source: Wiley Digital Skills Gap Survey (APEC economies)

Labor Demand by Job
1. Data Analysts & Scientists 1. Data Entry Clerks
2. Al &Machine Learning Spacialists 2. Administrative & Executive Secretaries
3. BigData Specialists 3. Accounting, Bookkeeping & Payroll Clerks
4. Digital Marketing & Strategy Specialists 4. Accountants & Auditors
5. Process Automation Specialists 5. Assembly & Factory Workers
6. Business Development Professionals 6. Business Services &

L . _ Administration Managers
7. Digital Transformation Specialists

7. Client Information & Customer

8. Information Security Analysts Service Workers

9. Software & Applications Developers 8. General & Operations Managers

10. Internet of Things Specialists 9

. Mechanics & Machinery Repairers

thb DR BT 10. Material-Recording & Stock-Keeping Clerks

12. Business Services &

I 11. Financial Analysts
Administration Managers

12. Postal Service Clerks
13. Database and Network Professionals

13. Sales Rep.. Wholesale & Manuf..

14. Robotics Engineers Tech. & Sci. Products

15. Strategic Advisors 14. Relationship Managers

16. Management & Organization Analysts 15. Bank Tellers & Related Clerks

T (MIEEIETE Ieae 16. Door-to-Door Sales, News & Street Vendors
b [RETETEs ol E Aa MEeee 17. Electronics & Telecoms Installers

19. Organizational Development Specialists & Repairers

20. Risk Management Specialists 18. Human Resources Specialists

19. Training & Development Specialists

Source: Future of Jobs Survey 2020,

World Economic Forum fon i e

Figure 13: Wiley digital skills gap index
Source: Wiley

The index is built around six pillars with each pillar including primary research inputs on the
economies who patrticipated in the digital skills gap survey, and secondary research indicators
compiled from various sources to provide a global comparison. The six pillars include:

1. Digital skills institutions

This considers both core (e.g., maths literacy) and higher-level (e.qg., tertiary graduates in

I' T subjects) digital

skill s,

assessing instit

output perspective. Education and training availability and competencies (e.g., availability
of corporate digital staff training, the enablement of teachers and faculty in data science

and analytics) areusedtor ef | ect an

2. Digital responsiveness

economyds i

nstitutional

This evaluates the responsiveness of skills development and education systems to shifting

digital skills demands and e mp | oy er s 0

evolving digital skills

assessment are baseline quantifications of current digital and science and technology skills,
as a measure of digital resilience in the face of ongoing change.

3. Government support

This acknowledges the role of government in bridging the digital gap through a deep
understanding and commitment to closing the digital skills gap. This support typically
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requires a national digital vision and entails coordination with employers and academia and

effective ICT promotion more broadly.
4. Supply, demand and competitiveness

This collates and combines several key indicators of the digital divide (and its impact on
competitiveness). These include the digital skills employer-job seeker mismatch, the STEM

gender gap, the ease of finding/hiring staff and access to foreign talent to bridge the gap

5. Data ethics and integrity

This includes issues around cybersecurity, which are integral to sustained and sustainable
digital development.

6. Research intensity

This proflesacademi ads

research that is evident in local contexts.

In this index, Australia ranked 33 out of 40 countries included in the index (Figure 14).

f ocus

on digital

subjects,

The Wiley index study revealed that most economies, including Australia, are failing to
bridge the digital skills divide including the gap between the demand for digital skills for
ndustri

a given

| evel of

al devel

opment ,

respond to the talent deficit, and also the capacity of educational institutions and

corporate trainers to deliver the needed skills

1. Singapore 7.8 21. Austria 6.5
2.  United Arab Emirates 7.5 22.  Belgium 6.5
3. Finland 7.5 23. Canada 6.5
4. Qatar 73 24, France 6.4
5. Sweden 7.3 25. Oman 6.4
6. Norway 7.2 26.  United States 6.3
7. Luxembourg 7.2 27. lceland 6.3
8. Netherlands 7.2 28. Saudi Arabia 6.3
9.  United Kingdom 7.2 29.  Portugal 6.3
10.  Malaysia 7.2 20. New Zealand 6.2
1. Switzerland 7.2 31. Azerbaijan 6.2
12. Israel 7.1 32. Brunei Darussalam 6.1
13. Chinese Taipei 7.1 33. Australia 6.1
14. Germany 7.1 34, Bahrain 6.1
15. Republic of Korea 7.0 35. Russia 6.0
16. Estonia 7.0 36. Japan 5.9
17. Denmark 6.8 37. Spain 5.9
18. China 6.7 38. Lithuania 5.8
18. Hong Kong, China 6.6 39. Cyprus 5.7
20. Ireland 6.5 40. Slovenia 5.7

Figure 14: Wiley digital skills gap index ranking

Source: Wiley
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The study pointed out that while Australian tertiary graduates are increasingly tech-savvy
digital natives, the development of critical thinking and analysis skills in practical applications
remains uneven. The study also found that some senior Australians still find it difficult to master
the new skills needed for the digital age. The study also recommended that the role of
governments to lift awareness of the digital skills gap, in both the public and private sectors
remains important. The study also recommended encouraging universities to embed digital
skills into their curricula in a meaningful way, and that Australia would benefit from more
developed training and accreditation, facilitated by more digital programs and more
government funding.
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Transport Digitalisation
and Automation Impacts















































































































































































































































































































































































































































































































































































































