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Foreword

Digital technology is having a profound 
effect on the 21st century organisation. 
Driven by accelerated connectivity and 
cognitive technologies, the nature of work 
and the workforce is also changing rapidly. 
And as the workplace evolves through this 
augmentation of software, robots, crowds, 
and artificial intelligence, almost every job 
is being reinvented. Deloitte has been at 
the forefront of this trend, working with 
employers to navigate the future of work. 
Together with our clients, we are striving 
to understand the ‘new’ workforce and to 
define the changes we all must implement, 
from the way we define strategies and 
business models, to how we design jobs 
and organise work, to how we think about 
workforce and skills planning. The question 
that logically follows is this: How do we 
align education and training with future 
workforce requirements? 

A growing body of research explores 
the drivers of this transformation and 
investigates how we best educate to 
keep pace with the changing needs of 
the workforce. We know on the one hand 
employees are now expected to have 
longer careers, yet on the other hand the 
average tenure of a job and the shelf life 
of a learned skill is decreasing. The need 
for employees to continuously develop is 
increasing with the corollary that access 
to education and skills development will 
become even more important. We also 
know that as digital technologies become 
more embedded in life and work, STEM  
will remain a top education priority1.  

But technical skills will not be sufficient in 
themselves. In Deloitte’s paper on the The 
future of the workforce: Critical drivers and 
challenges,2 we predict that businesses will 
need employees with more skills including: 
digital know-how, management capability, 
creativity, entrepreneurship, and complex 
problem solving. This is not to say that we 
do not and will not need a larger stock of 
technical skills in the workforce – we do. 
But the key will be balance as technical 
skills are no longer sufficient in themselves. 

This trend can be applied to digital tools. 
We are coming to the realisation that 
what is important is our ability to work 
effectively with digital tools, to collaborate 
with them, rather than the depth of our 
individual knowledge and skills, or that of 
the digital tool. This ability will determine 
how successful we will be. For example a 
human pathologist is 96 percent accurate 
at identifying breast cancer cells, AI-based 
techniques are 92 percent accurate (and 
rapidly catching up with humans), while 
humans and machines working together 
are 99.5 percent accurate.3

In 2016, Deloitte’s Australian Centre for the 
Edge team and Geelong Grammar School 
decided to turn their attention to coding 
and digital literacy. This included discussion 
on how and what we teach, primarily around 
the question: ‘To code or not to code?’  
The first round of symposia held last year 
by the Centre for the Edge and Geelong 
Grammar School showed that the  
rush to teach everyone how to code was 
obscuring the possibly more important need 
to ensure that all students and workers  
are ‘digitally competent’, comfortably 
integrating digital technology into their work. 

Teaching everyone how to code cannot 
address this problem. The first round 
of symposia highlighted the need for 
all students to undertake a compulsory 
introduction to coding course, primarily 
to demystify digital technology. However, 
what’s more important is knowing when and 
why to use it. It’s this when and why that we 
need to focus on if we want all students and 
workers to be digitally competent.

The Centre for the Edge and Geelong 
Grammar School are building on the 
success of that first round of symposia, 
through this essay that develops the idea of 
‘digital competence’, and through a second 
series of symposia. The digital competence 
framework described in this paper has 
been developed with a premise of linking 
the demands of the worker and the 
workplace directly to how these attributes 
might be taught – and at all stages of the 
learning continuum from the early years 
to learning later in life. It recognises that 
the challenge of adapting education to the 
emerging environment is not something 
that students, teachers, parents or industry 
can do on their own. 

I would like to thank the broad range of 
participants who have contributed their 
time, experience, and opinions to the 
symposiums, and to Geelong Grammar 
School for the opportunity to be part of 
an exciting and unique collaboration. It 
is the contributions of these participants 
that enhance our collective capacity to 
act. And in this digital age, the pace and 
thoughtfulness with which we act together 
is what will determine our future.

Colette Rogers
Partner
National Leader, Education 
Deloitte
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All learning happens within contexts.  
The rapid rise of technology and the  
digital world has seen the context of  
work change significantly. This fluidly 
evolving landscape is not confined to  
a few sectors of the economy. Across  
the world society as a whole is being 
disrupted by technological change. 

It was clear in the first round of symposia 
held by Deloitte’s Centre for the Edge  
and Geelong Grammar School last year 
that this is true of work in Australia. It 
is therefore essential that the field of 
education not only recognises that the 
world has changed, but adapts accordingly. 

In many fields of endeavour, employers  
have historically had a close relationship 
with the training providers who supply  
their generations of workers. As the 
needs of a profession change, so must 
the education of the workforce. In recent 
years, fields such as medical education 
have significantly changed not only their 
curricula, but their fundamental pedagogies, 
to produce graduates who can meet the 
demands of occupations in rapid transition.

As technology now influences all sections 
of society, it is insufficient for individual 
professions or organisations to attempt to 
upskill their workforce in all aspects of the 
new digital landscape. A more considered, 
systemic response is required.

Unfortunately, the velocity of the digital 
revolution is colliding with the lethargy 
of effective change at a government 
and policy level. Around the world, 
governments and education departments 
are calling for generic, but ultimately short-
term responses, crying out for creative 
and innovative digital citizens who can 
change the world through start-ups, yet not 
addressing the fundamental underpinnings 
needed to support this new paradigm.

Last year’s round-table discussions 
between the stakeholders from a range 
of sectors identified that the future looks 
hopeful. What evolved from each meeting 
was a sense that there is in fact much 
common ground to be found. It appears 
that, although educational practice needs 
to adapt, there is a broad range of skills 
and attitudes, which, if introduced and 
implemented across the education sector, 
could assist our students in becoming 
literate and skilled in a new way. Technology 
is not mysterious, it is a set of skills that we 
need to manage from both a practical and 
philosophic perspective. We do not need 
to wait for policy makers to act – employers 
and educators can communicate, clarify, 
collaborate and implement change through 
forums such as these.

We believe that by identifying the range 
of skills and competencies required, 
education providers can meet the 
challenges of change in an informed 
way. Teachers’ professional learning and 
development can consistently focus on 
skills development, rather than merely 
knowledge acquisition in a subject area. 
This new focus can then be passed on to 
our students in the classroom through 
innovative and creative pedagogies.

As such, it is with a great sense of optimism 
that I look forward to the next round of 
symposia. Collaboration is seen as a key 
skill for our fluid times. The relationship 
between Deloitte’s Centre for the Edge, 
Geelong Grammar School, and our 
colleagues in the independent and public, 
employment and education sectors, is a 
meaningful and purposeful demonstration 
of proactive collaboration in action.

Rebecca Cody
Principal
Geelong Grammar School

Foreword
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‘Everyone should learn how to code’ 
has become a call to action across the 
community. Significant resources are being 
devoted to teaching primary and secondary 
students how to code and there are even 
calls to make computer science a secondary 
graduation requirement.4,5 Despite all 
this activity there doesn’t appear to be a 
common definition of ‘learn to code’ that 
everyone works from. The phrase refers 
to different things in different contexts 
from different stakeholders. The national 
conversation on coding in the curriculum 
seems to have leapt directly from idea to 
implementation, bypassing analysis or the 
formation of a reasoned approach.

In 2016 we hosted a series of roundtables 
to open up the debate, unpacking how 
different stakeholders (educators, students, 
parents, and industry) interpreted ‘everyone 
should learn how to code’, and explore the 
differences.6 It was clear that stakeholders 
had a range of equally valid but differing 
concerns, and were using ‘learn to code’  
as shorthand for these concerns. The  
series concluded by providing a single, 
simple, unifying definition for ‘everyone 
should learn how to code’:

The incorporation of digital technology into 
one’s pursuit of work.7 

where ‘work’ is defined broadly as “any 
activity in pursuit of an outcome” and 
can include hobbies and pastimes just as 
much as paid employment. The phrase 
‘digital competence’ was coined to capture 
this concept and to distinguish it from 
related concepts such as digital literacy 
and digital citizenship. The roundtables 
made it clear that coding was only the tip 
of the iceberg, and that the community was 
more concerned about digital competence. 
Indeed, rather than coding, the focus should 
be on fostering a broad range of skills, 
such as computational and critical thinking, 
discernment and even creativity in students, 
and helping students to connect these 
skills to their work with digital technology, 
endowing them with digital competence.

It is not possible, though, to teach to such  
a broad definition, so while the roundtables 
provided insight, more work is required. 
We need to unpack what we mean by 
digital competence and enumerate how 
our new relationship with these digital tools 
is changing the nature of work, and the 
demands on the worker and workplace,8 
and create a framework to help us answer 
the question: how do we prepare students 
for a life immersed in this emerging digital 
environment? The framework needs to 
capture the relationship between the digital 
tools and the worker and be populated with 
the attributes required of them: capabilities 
(knowledge and skill) and predilections 
(attitudes and behaviours). We also need  
to identify a set of examples that 
demonstrate how these attributes might 
be taught. Together – the framework, the 
attributes it organises, and the examples 
– can provide us with the foundation of 
an inclusive definition of functional digital 
competence for education (K-12 through 
tertiary) and training (post-secondary and 
industry learning and development).



08
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The debate on the future of work has been 
framed in terms of creating or using tools. 
Our relationship with technology has been 
shaped by this dichotomy since the dawn 
of the industrial revolution: technology 
realised as tool, with worker as tool maker 
or tool user. One consequence of this is  
the common assumption that if we can 
create digital tools to automate all tasks  
in the production process, which we 
appear to be close to achieving, then 
workers will need to focus on making 
digital tools (‘coding’) as there won’t be 
opportunities for anyone using digital 
tools per se.9 Or, put another way, the 
incremental automation of more and 
more complex tasks, and the development 
of ever more capable autonomous 
technology, is pushing many workers out 
of tool user leaving tool maker as their only 
option, should they want to be employed.10 
If the future is to be dominated by digital 
tools, then the only work available for 
humans may be making those tools, coding. 
There is also a general fear that  
not everyone, or at least many people, 
will be capable of learning to code and 
developing the new digital tools. This is  
one of the drivers behind calls for a 
Universal Basic Income.11

Digital tools come in two general types. 
First, there are the simple instrumental 
tools, such as calculators, that we use. We 
might consider these ‘tools that contain 
digital technology’ rather than ‘digital tools’. 
These are similar in nature to mechanical 
tools, such as a hammer or abacus. Second, 
there are more complex, algorithmic digital 
tools that we use to capture decisions and 
decision-making processes, which are 
not fully formed when sold and must be 
adapted to the task at hand. Spreadsheets 
are an obvious example. This second 
group of tools is different from previous 
automation technologies, as the tools are 
both more malleable and more opaque. 
Consider how a spreadsheet requires a 
financial model to be created within the tool 
before it can be used to solve a problem.12 
This second group of tools have higher 
literacy and numeracy requirements, as 
we interact with them through language. 
Therefore, we note that one of the obvious 
implications of a digital future is higher 
literacy and numeracy requirements for 
workers than in the past.

Incorporating digital tools into our work 
forces us to understand the models 
these tools contain and adapt the models 
to our needs. This might be detailing a 
financial plan via a spreadsheet, where the 
spreadsheet has a particular approach 
to representing financial information 
that we must adhere to. Or it might be 
more complex, such as the end-to-end 
voting process and not just the voting 
algorithm. These resulting systems should 
also be considered imperfect, as while 
they can leverage the benefits of digital 
technology, they are also constrained by 
the technology’s limitations and are at 
best only approximations of the physical 
or social phenomenon we are trying to 
represent. George Box, a statistician, 
captured this nicely with the aphorism 
“all models are wrong but some are 
useful”.13 It’s important for workers to 
understand that all digital systems work 
with approximations and will, consequently, 
contain errors, make mistakes, and 
subsequently may behave in strange and 
unexpected ways.
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Our relationship with these digital tools 
goes beyond the simple tool maker, tool 
user relationships of the past.14 By casting 
decisions in formal language and then 
embodying this language in autonomous 
‘bots’ that interact with the world through 
a narrow set of sensors & effectors15 and 
a particular approach to reasoning, we are 
endowing them with a degree of autonomy 
and agency. An extreme example of this 
being programming a semi-autonomous 
military drone to seek and destroy targets 
based on a predefined sensor profile, 
though we can see a limited version of this 
in things like Centrelink’s recent robo-debt 
challenge.16 We don’t relate to these tools 
as inanimate objects as their agency affects 
our own, hence our relationship with 
technology is clearly evolving.

“If we want to unify the perspectives on what ‘learn to code’ 
means then we need to reframe the question and move away 
from this dichotomy of tool maker and tool user to embrace the 
new relationships that are emerging.”

If we want to unify the perspectives on 
what ‘learn to code’ means then we need to 
reframe the question and move away from 
this dichotomy of tool maker and tool user 
to embrace the new relationships that are 
emerging. Individuals who are unable to 
embrace these new relationships could find 
themselves disenfranchised due to the lack 
of critical thinking and discernment skills 
required to understand and engage with a 
world where digital tools are granted some 
autonomy and agency.

They could also potentially be open to 
manipulation from those who have a 
better understanding and control of the 
technology and its use. This is particularly 
topical now after the recent revelations of 
Cambridge Analytica.17



11
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Our target is not an existing domain or 
profession, so we can’t use the typical 
approach of deriving our framework from 
a survey, asking experts what should be 
taught. The broad scope of our task also 
prevents us from integrating established 
frameworks, such as digital literacy, 
computational and design thinking, etc., 
to create a new, unifying framework. 
Instead we need to build a framework that 
integrates the different perspectives and 
helps us tease out what’s required.

The foundation for our framework is 
the realisation that many of these new 
algorithmic digital tools are relational. 
We’re delegating decisions and reasoning 
to these new digital tools, providing them 
with a limited degree of autonomy and 
agency in the process; a limited degree of 
autonomy as we’re allowing them to make 
particular decisions in specific ways, and a 
correspondingly limited degree of agency 
as they can only choose from a set of 
predetermined actions. This autonomy  
and agency, though limited, enables them 
to take on roles in the organisation chart, 
as manager, subordinate, or co-worker;  
which is in contrast to the earlier 
instrumental technologies.

Workers18 are increasingly finding 
themselves working for a machine (as ride-
sharing drivers do), working with a machine 
(the common meme of AI augmenting a 
worker), or working on a machine (such as 
when a worker commands a fleet of ‘bots’). 
In some instances, human leads machine, 
in others machine leads human, while in 
some cases human and machine may also 
collaborate. The reverse is also true, where 
machines are working with, for or on human 
workers, and must be designed to function 
in these roles. We must also consider 
instances where worker and digital tool 
are equals, as well as instances when the 
human takes the lead in the relationship 
versus when the machine takes the lead. 
This can be represented in a three-by-three 
matrix, nine cells describing the new ways 
we relate to technology and what work will 
look like in each instance.

If we enumerate the attributes required 
of a worker in each cell then we can 
determine what it means to be digitally 
competent in a particular job.
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Figure 1: Our relationship with digital technology
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Direction
A human working under the direction of 
a machine, with the machine assigning 
work and assessing the quality of the 
product. Ride sharing driver, pick-n-pack 
in a distribution centre.

Machine augmentation
A human monitors a machine’s 
operation, stepping in when the 
machine is out of its depth and about 
to make a mistake. A ‘driver’ monitoring 
an autonomous vehicle, or an algorithm 
for bias and compliance with the law.

Instruction
A human teaches an old dog new 
tricks. E.g. an engineer formalises best 
practice for the design and certification 
for a home design tool, a ‘truck driver’ 
teaching autonomous trucks to park  
at a new distribution centre, or 
teaching a smart home to maintain  
a preferred temperature.
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Shared agency, negotiation
Human and machine with dependant 
responsibilities forced to negotiate.  
A district nurse managing their time 
and work management system 
assigning new work.

Synthesis
Human and machine collaborate 
to identify and solve a problem. 
Superannuation, with a financial model 
of the client’s retirement as the focus, 
the human working with the client to 
discover their ‘happy retirement’ and 
the robo-advisor exploring different 
investment scenarios.

Bricolage
Human and machine behaviours are 
integrated to create a new solution. 
Overcoming ‘learned helplessness’ by 
extending digital literacy to provide 
students with the behaviours required 
to discover how digital tools might be 
bricolaged to solve a problem.
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Shepherding
A team of machines working for a 
human, where the human assigns 
work and assess the result. A trader 
managing a team of trading ‘bots’ that 
control investment portfolios, setting 
and updating the ‘bots’ objectives and 
intermittently monitoring their progress.

Human augmentation
A machine monitors a human’s work, 
stepping into highlight potential issues 
and problems. A ‘sentencing computer’ 
monitors a judge’s deliberations to help 
the judge avoid bias in decisions.

Guidance
A machine helps an old dog learn new 
tricks. A Fitbit prompts its owner to 
help them reach their well-being goals, 
or a self-paced learning solution tailors 
a MOOC to an individual student’s 
abilities and progression through  
the course.
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Figure 2: Our evolving relationship with technology
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Note that we’re not proposing these new 
relationships replace the old tool maker 
and tool user ones: all exist simultaneously. 
For example, while we’re not focusing 
on programming – a tool maker versus 
tool user relationship – programmers 
will clearly still exist, though they will be 
more specialised. Similarly, the original 
craftsperson relationship, where tool 
maker and user are the same, still exists 
today. There are actually three frameworks 
at play at once: craft (craftsperson); 
technique (tool maker and user), and 
algorithmic (work with, on and for). The 
challenge is that for much of the population 
the emphasis has shifted from craft to make 
and use, and now appears to be shifting to 
work on, with, and for.
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The question is then: what do the cells of 
our framework contain? Using a populated 
framework, we can define what we mean 
by “Learn to code”, where ‘competence’ 
is a binary attribute: i.e. competence is 
merely having the attributes required 
to productively engage in some of these 
relationships in a suitable context.

At the most fundamental we need 
to consider a student’s literacy and 
numeracy. Language is the primary 
means of interacting with algorithms, 
with the language becoming increasingly 
formal the closer we get to the machine. 
Indeed, computer programming can be 
seen as a branch of applied mathematics, 
as it involves describing a problem in 
excruciating detail so what is to be done  
is clear to the computer. Though few 
workers will be required to ‘programme’,  
as the activity is commonly imagined,  
their interactions with these digital tools 
will be dominated by language  
and numeracy. Consequently, we need 
to ask ourselves what the literacy and 
numeracy requirements are in each cell  
of our three-by-three.

Consider ride-sharing drivers, where a 
human is working for a machine (top left 
of our three-by-three), with an algorithm 
allocating the work and measuring 
worker performance. The worker needs 
to understand the factors that shape 
the machine’s decisions, as they do 
with a human manager, if they are to 
understand why particular pieces of 
work were allocated to them, and how 
their (measured) behaviour will affect 
their rating i.e. how the computer will use 
a measurement to determine the new 
value. They need to be able to discern the 
reasons behind these digital interactions, 
reasons generated by humans, as 
decisions, such as ratings, are human in 
nature. A financial worker in this world – 
such as a superannuation advisor – will 
have even more stringent numeracy and 
literacy requirements. Here a human and 
machine collaborate, working together to 
simultaneously build a financial model and 
solution for a client. The superannuation 
advisor collaborating with the machine 
needs to express their thoughts in 
language the machine can consume.  

This doesn’t require them to programme 
the machine, but they do need to be able to 
express themselves using domain concepts 
that they have in common with the 
machine, and to understand how its inputs 
map to outputs, increasing the minimum 
requirement to functional literacy. As 
with our ride sharing driver, the worker 
must understand the factors driving the 
machine’s decisions and actions, though 
in this instance the worker may require a 
deeper understanding as the machine will 
be manipulating a shared model, rather 
executing an unchanging algorithm. 
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Workers will also require superior 
metacognition than is typical today. 
Consider the current concern about biases 
in AI. All reasoning systems have biases, 
both human and machine, as these are a 
direct consequence of them being physical 
things: their connection to the world is 
limited by their sensors and effectors, and 
their ability to deliberate constrained by 
the available time and energy. In a noisy 
and confusing world, we, both machines 
and humans, rely on cribs – shortcuts 
and assumptions – to make our task 
easier.19 These cribs can be quite simple. 
For example, a classification algorithm 
that identifies military tanks might have 
been trained with a set of images where 
the tanks were all presented on a lush 
green lawn outside the garage where they 
are kept. The classifier, being no slouch, 
deduced that “tanks are things sitting on 
lush green lawns” and proceed to identify 
anything resting on such a lawn as a 
tank, regardless of any obvious physical 
differences between a tank and the thing 
on the lawn. A subtler version of this is 
the assumption many autonomous cars 
make that any large panel that suddenly 
appears in front of them is an overhead 
road sign. The car’s developers might do 
this as it is difficult to discern what such a 
panel is with that car’s limited sensors, and 
instruct (configure) the car to ignore such 
things as they are most likely overhead 
signs. This breaks down though, when a 
vehicle in front suddenly swerves to reveal 
a stationary emergency vehicle (to be 
avoided), though the car assumes that it’s 
an overhead sign (and can be ignored). This 
shortcut was behind a recent crash.20

Improved standards in literacy and 
numeracy are required to enable workers 
to understand the decisions a machine 
makes, while superior metacognition is 
required for the human to understand the 
limits of a machine’s reasoning, and how 
that reasoning will affect their own. 

Capabilities enable us to use digital tools to 
intentionally change the world around us. 
Digital literacy, for example, encompasses 
the knowledge and skills required to use 
a range of common digital tools, how to 
navigate a graphical interface or compose 
an email or text message. Digital citizenship 
is a larger concept, encompassing digital 
literacy, and includes the capabilities 
required to use digital technology as a 
media to engage with society, typically 
defined as “those who use the Internet 
regularly and effectively”.22 Previous work in 
developing curricula for digital technology 
is also clearly relevant, as it enables 
students to “design, create, manage and 
evaluate sustainable and innovative digital 
solutions to meet and redefine current and 
future needs”.23

Predilections, on the other hand, 
determine how we engage with the work, 
the others that we are working with (both 
human and machine), and the context 
within which the work is to be done. As we 
move into an era of digital decision making, 
we must consider not just how workers use 
(digital) tools, but how they engage with 
these algorithmic digital tools.

Attitudes are something like the ‘habits of 
the mind’24 that have been developed for 
mathematics, science, and engineering. 
Attitudes determine how the worker 
approaches the work: do they focus on the 
parts of the problem or the whole, do they 
consider visualising the problem, do they 
attempt to adapt existing components, and 
so on.25 These attitudes are teachable and 
are an important part of enabling workers 
to overcome the ‘learned helplessness’ that 
many suffer from when dealing with digital 
solutions,26 and should be an integral part 
of a digital competencies curriculum.

Humans can integrate a greater variety 
of information into their decisions than 
machines, as our ability to notice the 
unusual and make sense of the world 
provides us with a richer connection to the 
environment. Machines, on the other hand, 
are restricted to the limited set of sensors 
and effectors they are engineered with. At 
a basic level this is the ‘tank on the lawn’ 
problem, at higher issues it contributes to 
the challenge of distinguishing ‘fake news’ 
from real.

This is not a technology problem, as humans 
suffer from taking thinking shortcuts as 
much as machines. What is different is the 
increased volume of ‘decisioning’, both 
in human and machine, we see today, as 
well as the potential for the consequences 
(both bad and good) to be rapidly amplified 
by automated machine ‘decisioning’. An 
erroneous data point, for example, might 
change an individual’s eligibility score 
sufficiently that badly needed support 
services are automatically withdrawn. 
Automating these decisions improves 
productivity, but it also raises the stakes.

Finally, we need to consider the abilities the 
worker requires. Clearly these will include 
capabilities: knowledge and skills that we 
use to intentionally engage with the world. 
However, we should also consider them 
as containing a worker’s predilections21: 
attitudes and behaviours that shape how 
they react to the world around them, and 
other actors in this world.
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Behaviours, on the other hand, determine 
how they will respond to stimulus. 
Creativity provides us with a simple 
example.27 A team might see creativity  
as a good thing, something to be 
encouraged; an attitude. Then, toward 
the end of a meeting, one of the team 
members throws out a seemingly random 
(though potentially creative) answer to a 
question. How one behaves in response 
to this stimulus might determine if this is 
an opportunity for a creative step forward, 
or a distraction. The team could brush 
the response aside and move on to close 
the meeting as time is short. They might 
agree to an open-ended exploration of the 
idea, extending the meeting, potentially 
indefinitely. Or they might decide to allow 
the meeting to run a little over to provide 
time to explore how the response is 
connected to the initial proposition. Which 
is the most appropriate behaviour will be 
determined by the context. Creativity, as 
with “everyone should learn how to code”, 
is a term full of implicit and erroneous bias, 
often framed in terms of one’s natural 
ability. It is more productive to frame both 
creativity and digital competence as a set 
of predilections, a teachable collection of 
attitudes and behaviours.

This highlights the relational nature of  
each cell in our framework. While each  
cell will contain capabilities – one’s ability  
to intentionally use technology –  
it also contains predilections – how one 
approaches the work, other workers (both 
digital and not), and the context – and 
how one responds to their autonomy and 
agency, even though both are limited.
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For our model of digital competence to  
be useful we need to populate the cells  
of our competence framework.

We must acknowledge, however, that the 
domain of work is important. One isn’t 
‘digitally competent’, for example, one is 
a ‘competent digital citizen’. Competency 
requires us to note what domain and the 
context, that the individual is competent 
in. This means that competency will be 
different for a truck driver than a judge, 
a judge than a lawyer working on the 
prosecution, and different for different 
lawyers on the prosecution team.

As with creativity, competency can only 
be learnt and judged in context. It’s not 
enough to be taught how to use an internet 
search engine, students need to make the 
connection with the opportunities where 
an internet search engine might help them. 
“[K]nowing the technology is important,  
but knowing when and why to use it is 
more important.”28 Learned helplessness  
is a consequence of this. In the roundtables 
in the previous project, this was known 
as the ‘beer problem’ as one participant 
observed “Most employees can solve 
practical problems in the workplace, such 
as needing beer and snacks for Friday 
afternoon drinks – if I give them fifty dollars 
they can find beer and snacks. However, if 
there is a digital technology problem, even 
a basic problem with their device, they 
cannot solve the problem unless there  
is an app for it.” 29

The employees’ default behaviour is often 
to feign helplessness and ask to be taught 
when confronted by a digital tool they 
don’t know. One solution is to provide 
them with a richer set of behaviours, a 
simple example of which is typing the 
name of the application they are using into 
an internet search engine, along with a 
short statement of what they’re trying to 
achieve. While they might have been taught 
how to construct queries for a search – 
the skill in using a particular tool – this is 
different from developing the attitudes 
and behaviours that will help them to 
integrate it into their work. These attitudes 
and behaviours can be taught sequentially 
throughout schooling and into tertiary 
and the workforce as the worker becomes 
more sophisticated. It’s worth noting here 
that predilections are not particular to 
digital domains, as creativity, resilience, 
perseverance, and problem-solving skills 
have always been needed, though now we 
have a new context with the digital space.

So rather than attempting to  
populate a single model of digital 
competence, we need to understand 
how competency manifests in different 
professions and domains.
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Figure 3: Digital competence map
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Consider the idea of digital citizenship, 
mentioned earlier. Digital citizenship is 
typically broken down over nine aspects: 
access to digital services; using online 
commerce; communication via digital 
platforms and media; digital literacy 
(using devices); etiquette in digital forums; 
understanding law online; rights and 
responsibilities; health, physical and 
psychological wellbeing online; and security 
and self protection.30 This concept is 
centred on the use of technology, absent 
are emerging challenges such as the 
increasing use of algorithms to score 
citizens and determine what government 
and financial services they can access; 
citizens unable to understand how they 
are being measured and how these 
measurements determine their access to 
services will find themselves confused and 
unable to find and obtain the services they 
need. We can recast digital citizenship into 
our framework to understand what the 
attributes of a digitally competent citizen 
might be. To do this we have integrated 
figure 1 and figure 2 to create what we 
might call a digital competence map, shown 
in figure 3.
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Starting from the left we have craft, 
the worker attributes that are directly 
related to the domain, mastery of domain 
concepts and their relationships. For a 
citizen, craft contains the attributes of the 
public sphere: an understanding of polite 
behaviour, of how society works and the 
function of government and of a citizen’s 
rights and responsibilities, knowledge of 
the electoral processes, and so on, all of 
which is covered extensively in Civics and 
Citizenship in the Australian Curriculum.31 

Next, moving right, we have technique, 
where the knowledge and skills of the tool 
user live. For our digital citizen this includes 
the literacy and numeracy required to 
communicate with digital services and via 
digital platforms, along with knowledge 
and skills required to use the digital devices 
that are the gateway to the digital world, 
such as personal computers, smartphones 
and tablets. It contains the metacognitive 
skills – critical thinking and discernment – 
required to understand their interactions 
with these services, and the services’ 
responses. An example might be the 
challenge of determining what is ‘fake 
news’, and what is not.

Finally, on the right, we have the algorithmic 
section where decisions have been 
captured in algorithms and automated. 
We might consider a competent digital 
citizen, for example, to be someone who 
is not intimidated by digital technology 
(an attitude) and who, when confronted 
with digital tool or service they don’t know, 
can draw on a rich set of behaviours to 
discover how to apply it to their current 
problem. Alternately, they might require 
an appreciation of the algorithms that 
are used to rate them, and which control 
their access to government provided 
services, or even the credit score that 
determines their access to loans, along 
with a set of behaviours that will enable 
them to effectively manage their ratings. 
It’s important to note the distinction made 
here between the knowledge and skills 
associated with techniques, and attitudes 
and behaviours associated with algorithms. 
Understanding how to construct a query 
for an internet search engine to answer a 
particular question (knowledge and skill) is 
different from and distinct from a student 
realising that a search engine might be a 
useful tool and synthesising the question 
which forms the basis of the query (attitude 
and behaviour).

Our framework makes an important 
distinction between the worker attributes 
required by the domain they are working 
in, which lives in craft, and the attributes 
required to engage with the digital 
tools used in that domain, which live in 
technique and algorithms. It’s productive 
to consider the possibility of a digitally 
competent computer programmer; 
where a programmer is someone who 
has mastered the knowledge and skills 
associated with programming as an activity 
(possibly the creation of small website 
businesses), while a digitally competent 
programmer is a programmer who can 
effectively navigate the networked and 
digital environment within which much 
modern programming takes place. 

“We might consider a competent digital 
citizen, for example, to be someone who 
is not intimidated by digital technology  
(an attitude) and who, when confronted 
with digital tool or service they don’t 
know, can draw on a rich set of 
behaviours to discover how to apply it  
to their current problem.”



22

Teaching digital 
competence



To code or not to code  | From coding to competence

23

“Our goal when teaching digital competence is to help students 
understand how a digital solution is different from a non-digital 
one, the relative merits of each, and how the limited autonomy 
and agency of many digital solutions affects their own 
autonomy and agency, as well as that of others interacting with 
the solution. Students need to be sensitive to the benefits and 
limitations of digital technology, and they need the language to 
think about and discuss it with their peers.”

Our goal when teaching digital competence 
is to help students understand how a 
digital solution is different from a non-
digital one, the relative merits of each, 
and how the limited autonomy and 
agency of many digital solutions affects 
their own autonomy and agency, as well 
as that of others interacting with the 
solution. Students need to be sensitive 
to the benefits and limitations of digital 
technology, and they need the language to 
think about and discuss it with their peers. 
They also need opportunities to bricolage  
a solution integrating digital and non-digital 
components and explore the benefits  
of both machine augmentation and  
human augmentation.

In terms of our competence model we’re 
working within a domain that matters 
to the students, providing them with a 
task where they can explore and improve 
their capabilities within the domain as 
well as their capabilities with the digital 
tools appropriate to the domain, while 
engineering the task (the ‘work’) and 
the context it sits within (the lesson, or 
‘workplace’) to foster the development 
of appropriate attitudes and behaviours. 

Educators will need a rubric or continuum 
to help them distinguish between levels 
of competence in their students. It’s 
important to note, though, that we’re  
not trying to imbue students with specific 
attitudes and behaviours, our focus is  
on students adopting (or developing) 
attitudes and behaviours appropriate to 
themselves. This requires us to embrace 
a system-centred (rather than technology 
centred) approach.

Consider the classroom exercise of creating 
a voting system, a common part of a digital 
technologies curriculum. There’s likely 
to be a discussion on the local electoral 
system and voting algorithm, and the 
relative merits of different algorithms. Then 
discussion will turn to design: the challenge 
of ensuring an accurate vote, potential 
issues with the current paper ballot system 
– the time taken for a manual count, human 
fallibility and the potential for mistakes, 
tampering, and even the challenge 
of interpreting poorly marked votes 
(‘hanging chads’)32 – and how the superior 
capacity and precision of computers 
might address these issues. Finally, the 
class will divide into groups where they 
implement the voting algorithm in a 
programming language, and then test their 
implementation against sample data sets. 
Due to the magic of digital technology the 
students believe that they will have created 
a faster, more convenient and efficient 
voting system, though in embryonic form, 
and wonder why we haven’t moved to 
digital voting already.

Unfortunately, framing an exploration  
of digital technology this way is problematic 
as it ignores the failings and limitations 
of the technology. We’ve confused digital 
competence with the aspiration that 
‘everyone should learn how to code’.  
All algorithms must be embodied as part  
of a digital system before they can be 
used. In the case of voting we need to 
consider not just the implementation 
of the algorithm, but also how votes are 
captured to ensure that they accurately 
represent voters’ intentions, how votes are 
securely transmitted to the central tally 
location, how to detect miscounts should 
our implementation of the algorithm have 
bugs or if there were problems with data 
collection (including the potential for the 
voting system to be ‘hacked’), and the 
processes that will be used to reconcile  
any problems should they be detected.  
It’s the difficulty of addressing these 
system-level challenges, outside of the 
voting algorithm, that causes experts in 
online voting to consider a manual paper 
ballot to be the gold standard in accuracy 
and trustworthiness.33,34
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To adopt a digital competence-led approach 
we need to reframe the lesson, taking a 
more expansive approach that considers 
not just the voting algorithm, but also how 
the algorithm is embodied in an end-to-
end system and how different individuals 
will interact with it. As educators we must 
consider: What are the digital competencies 
students need to make a case for or against 
digital voting? What competencies will they 
need to simulate and explore the end-to-
end voting process? And are there any 
other complimentary competencies, such 
as research skills, critical thinking, choices in 
formats of presentation, that the students 
will require?

A digital competence-led approach might 
start by building their domain knowledge 
to establish the context of work: what is 
voting, why do we vote, and what are some 
different types of votes, and what are the 
alternatives to voting. Particular attention 
might be given to the requirements of 
a good voting system, such as fairness, 
inclusiveness, transparency, accountability, 
and stability, including an investigation of 
some existing systems and a discussion of 
the relative merits of each.

Next the students sketch out the end-
to-end voting process, where individual 
components could be implemented 
manually or with digital technology 
(Bricolage). Students might also use 
this as an opportunity to develop their 
(online) research and discernment skills, 
investigating the issues such as the 
challenge of accurately capturing voter 
intent or supporting a recount to validate 
a result,35 and using what they discover to 
inform the design of their voting system.

Then the students might create the paper 
forms and/or digital components required, 
and role play a vote. The choice of tools 
might be left up to the students, as a 
spreadsheet can be used to implement 
a voting algorithm just as well as a 
programming language when only a few 
votes are being cast.

At the conclusion of the exercise students 
can share any issues they identified and 
review their voting system. Did their efforts 
result in a good voting system? Where did 
digital technology help? And where did it 
create problems? How could the system 
affect each of the stakeholders? Could their 
grandparents vote? What did they learn 
about digital systems during this exercise? 
As educators should we reflect on the 
digital competencies students used to 
make a case for or against digital voting and 
to simulate the voting process? Are there 
any other competencies that would have 
been beneficial?

Our challenge, though, is to integrate 
ideas from digital competence into other 
non-digital subjects, and to do this across 
all educational strata. Ideally this would be 
a graduated approach, where a student’s 
digital competency increases as their 
experience in a domain increases.
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The final question we must turn to is 
measurement: how does an educator 
determine that a given student is 
digitally competent in the context of 
their classroom? To gauge competency 
we need to determine if the student’s 
capabilities and predilections enable 
them to productively engage with the set 
task. We also need to be able to do this 
across all the educational strata: from 
foundation through year ten to senior 
secondary, tertiary and post-secondary, 
as well as industry. Consequently, 
while competence is binary, we need to 
distinguish competence levels within each 
of the areas our framework enumerates: 
domain expertise; literacy, numeracy and 
metacognition of digital tool use; and the 
predilections in each of the cells in our 
three-by-three.

Literacy and numeracy are fairly straight 
forward to measure as they have 
established metrics and measurement 
mechanisms. Similarly, for digital literacy 
and other digital capabilities (knowledge 
and skills); with the Digital Technologies 
from the Australian curriculum providing a 
wealth of material and already supporting 
the concept of ‘exporting’ content from 
Digital Technologies and ‘importing’ it into 
other learning areas.

Critical thinking and discernment, along 
with the predilections (attitudes and 
behaviours) in the algorithmic section of 
our framework, are more challenging to 
measure as they are contextual attributes 
where a student’s abilities in a particular 
domain do not automatically transfer 
to another. As was mentioned earlier, 
knowing when and why to use technology 
is more important than knowing the 
technology itself, and this can only be 
learnt in context. These are also divergent 
abilities, where a student might use 
different strategies, different behaviours, 
to address a challenge, and there might 
be multiple possible answers, as opposed 
to convergent abilities where there is a 
single ‘correct’ technique. In this way, digital 
competence is similar to creativity, where 
students can use different processes 
that provide different results, while being 
equally creative. A case in point is the 
learned helplessness many students have 
when confronted with digital solutions 
that are unknown to them, mentioned 
previously. Students can overcome this 
by having a rich set of attitudes and 
behaviours that enable them to explore 
the challenge and find a solution, though 
the particular attitude and behaviour 
used is not necessarily important. Indeed, 
a student might need to explore several 
options before progress is made, and a 
student’s disposition might lead them to 
adopt different attitudes and behaviours 
to another’s. A student with a theoretical 
learning style reaches for the manual  
while another might ask Google, a third 
turns to YouTube, and a fourth reaches  
out to a colleague who they believe to be 
more knowledgeable.

A practical way forward is to identify 
a number of threads in each of these 
competency areas – critical thinking, 
discernment, and the cells of the three-
by-three – and then, for each thread, 
identify levels of competence. We might, 
for example, create a thread ‘navigating 
digital tools’ that capture a worker’s 
competence in using digital tools and 
incorporating them into their work. At the 
lower levels this would be the knowledge 
and use of tools, working from simpler 
through to more complex tools. Upper 
levels would focus on situations when the 
available tools are insufficient, when it is 
not obvious how to accomplish a task with 
a tool, or when there is no obvious tool to 
support a particular task; the challenges of 
learned helplessness. Each level contains 
a description of what competence looks 
like, and sets of associated capabilities 
and predilections. Educators can then use 
this hierarchal structure of knowledge, 
skills, attitudes and behaviours to design 
assessments against.

This approach can also be extended to 
certifications and curricula. A course 
designed to produce digitally competent 
bankers i.e. a FinTech36 degree where 
graduates are expected to emerge with 
a firm grasp of both the domain, finance, 
and the application of digital technology 
to that domain, for example, would draw 
on the threads to describe the attributes 
(knowledge, capabilities and predilections) 
of the ideal graduate. Progression through 
the associated threads would be sequenced 
into the curriculum, with affected subjects 
reframed, as we did with the voting example 
in the previous section.37
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Digital competence is different from digital 
literacy. Digital literacy is founded on an 
industrial era, instrumental, relationship with 
technology where we are either tool maker 
or tool user. Digital literacy is a measure 
of our ability to use digital tools: digital 
watches, calculators, tablets and even online 
services. Digital competence  
is also different from coding. Coding is  
the flip-side of this relationship, worker 
as tool maker, and the rush to teach 
everyone how to code is a reflex response 
to the assumption that the ever-increasing 
sophistication of digital tools mean that in 
most, if not all, tool users will be eliminated, 
forcing the next generation to become 
tool makers or be out of a job. Digital 
competence is the “incorporation of (digital) 
technology into one’s pursuit of work”, so 
it’s the work that’s important. Consequently, 
digital competence can only be meaningly 
defined in a particular context.

The current wave of digital technology is 
different to the previous generations of 
technology. The algorithmic solutions it 
enables are more malleable and opaque 
than prior solutions, blurring the line 
between tool maker and tool users, 
requiring higher levels of literacy and 
numeracy as a consequence. They can 
contain models of the world and can sense, 
decide and act somewhat autonomously. 
This limited degree of autonomy and 
agency means that we don’t relate to 
these tools as tool maker or tool user. The 
old bimodal relationship is splitting into 
three, where we might work for, with or on 
a digital solution. We also need to consider 
situations where the human takes the lead, 
where the digital solution takes the lead, 
and when the two collaborate.

Digital competence is then a student’s 
ability to work within this ternary 
relationship with digital solutions. It is the 
ability to effectively work with, or and on 
digital solutions. In this way it builds on 
earlier concepts like digital literacy as this 
new ternary relationship didn’t supplant 
the old binary one of tool maker and tool 
user, just as tool maker and tool user 
didn’t supplant the craftsperson: all three 
relationships are in effect simultaneously. 
Consequently, to be digitally competent 
one must be:

 • Competent in one’s chosen domain

 • A competent user of the tools 
appropriate to the domain, possessing 
the capabilities (knowledge and skills) 
required to effectively use these tools

 • A competent co-worker with the  
digital systems appropriate to the 
domain, possessing predilections 
(attitudes and behaviours) that enable 
them to effectively work for, with, and  
on digital systems.

This layered definition highlights a key 
point, that digital competence is contextual: 
one isn’t digitally competent, as mentioned 
earlier, one is a competent digital citizen.
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The emergence of digital systems has 
made literacy and numeracy, and critical 
thinking and discernment more important. 
Workers will increasingly find themselves 
interacting with (somewhat) autonomous 
digital systems, and language and numbers 
are how we typically communicate with 
these systems. The minimum standard of 
literacy and numeracy must be higher if 
we don’t want some segments of society 
to be disenfranchised. A higher standard 
of critical thinking and discernment will 
also be required, so that workers can 
understand the reasons, generated by 
humans, behind the digital interactions. 
Decisions, such as ratings, are human in 
nature, and students need to understand 
these automated decisions and how they 
affect them. It’s not enough to be able to 
read instructions and trust the machine, 
you need to be able to discern the intent 
behind what the machine is telling you. 
Blindly trusting decisions one doesn’t 
understand, made by machines, will 
disenfranchise students.

We also need to demystify digital 
technology. A stopped watch should trigger 
its owner to get a new battery, rather 
than to buy a new watch as it has run out 
of ‘magic’. Students need to internalise a 
set of predilections that empower them 
to navigate this new relationship with 
technology. This expands the remit of 
educators beyond the capabilities that we 
have traditionally focused on.

Most importantly we need to realise that 
digital competence is something that needs 
to be taught, as it is not intuitive and we 
cannot rely on ‘digital natives’. There’s 
an overestimation that these things are 
being taught somewhere else, or that they 
don’t need to be taught at all. But they’re 
not, and they do. One needs to be taught 
how to use a calculator just as much as 
a nuclear reactor. These skills need to 
be explicit, taught, and applied with an 
increasing level of competency. 

To support this we can build a model 
of digital competence – derived from 
our relationship with technology, from 
craftsperson through tool user to 
collaborating with a digital system – and 
populate it with the literacy and numeracy, 
and critical thinking and discernment, 
requirements, and the capabilities and 
predilections that a student might need. As 
digital competence is contextual this new 
learning must be embedded in existing 
subjects, rather than treating it as an 
isolated learning area. Educators need 
to expand the scope of the class beyond 
the core content to include the use of 
digital tools associated with the domain, 
and collaboration with digital systems. 
The structure of the competence model 
can provide them with guidance on how 
this tool use and collaboration might 
be realised in their subject – Is there an 
opportunity to explore synthesis in this unit? 
– while the capabilities and predilections 
are the raw material for student learning. 
Any commonalities – such as a compulsory 
introductory programming class designed 
to ensure that all students have some 
understanding of what ‘coding’ is – can be 
factored out and sequenced appropriately.

The next challenge is to begin populating 
the model, a large task in itself. Our first 
step toward this will be to conduct a 
national series of workshops to refine the 
digital competence model and explore 
what digital competence might look like 
across the curriculum. The intent is for this 
to be a very open process that spans all the 
educational strata so that we have a view of 
what digital competence might look like in 
primary, secondary, tertiary, and vocational 
and corporate training. 

Feel free to contact either of the lead 
investigators (Peter Evans-Greenwood or 
Tim Patston) if you’d like to participate.
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35. The challenge with digital voting, as with many digital systems, comes from connecting the solution to the real world. With voting this manifests 
as the challenge of accurately capturing voter intent and ensuring that the voter has only cast one vote, while also ensuring that the vote is 
anonymous (preventing votes from being sold), all of which are system-level issues and not concerned with programming.

36. Fintech is a portmanteau of financial technology used to describe a new generation of technology-driven companies in the finance sector.
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series of workshops intended to follow after this report.
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