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R E S E A R C H

Decoding learning: the proof, promise and
potential of digital education 

Kathleen Stokes, Policy Advisor for Digital Education, NESTA

The debate surrounding effective use of technology in
education is a long and particularly entrenched one. Every
year significant funds are invested in technology for

education. New technical services and technologies have brought
with them immense enthusiasm, and feature as a regular fixture in
policy debates and impetus for continued professional training.
Likewise, school management has evolved considerably due to
technological advancements; grading systems, course scheduling
and courseware look remarkably different from their analogue
iterations of previous decades. These efforts are important, but lead
us to a fundamental question – what is the evidence of technology’s
impact on learning and teaching? 

Nesta, the UK’s innovation foundation, recently launched its report
Decoding Learning: The Proof, Promise and Potential of Digital
Education,i written by researchers from the London Knowledge Lab
(LKL) and Learning Sciences Research Institute, University of
Nottingham. This report seeks to better understand the impact of
technology on learning experiences, pointing to what works and why,
what needs to change and what is missing if we are to fulfil the proof,
promise and potential of digital technology for learning. 

Technology has no impact on its own – it all depends how we use it. 
To harness the full potential of technology for learning, Decoding Learning starts by focusing on the learning
activity rather than the technology. Digital whiteboards and tablets can be used to ignite instances of deeper
learning and flip classrooms, but they can also simply replace blackboards and textbooks. It all comes down to
how we choose to use them.

Drawing upon over 1000 research and teacher-led sources the report has identified over 200 innovations
with some degree of proof and promise. Furthermore, the research subjected 150 examples of innovation to
a judgement exercise by a panel of experts from across the technology and education sectors. 

Decoding Learning proposes a framework for rethinking how technology can be used for learning. This has
produced eight learning themes, or approaches to learning, which are proven to be effective. Below we
explore some of the highlights and opportunities for each learning theme. 

Learning from Experts 
The role of teachers in helping learners turn information into knowledge is fundamental to classroom practice
and should not be underestimated. Many technologies are available to help teachers expose and present
information in different ways. Mobile devices and presentation tools like animations, video lectures and
podcasts can all help to share information. However, a real opportunity appears to be in new approaches to
individual tutorial – one of the most effective ways of learning. Maths Doctorii exemplifies how technology can
support communication between teachers and learners over a distance using videoconferencing software, like
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Notes:
        i     http://www.nesta.org.uk/home1/assets/features/decoding_learning_report
        ii     http://www.mathsdoctor.tv/home/
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Skype,iii supplemented by tablets which allow simultaneous writing and attempting of equations on screen. 
Likewise, technologies can give learners access to the insights of a broader range of teachers and experts

than available in the classroom. Collaborative projects like Solar Stormwatchiv enable learners to review,
identify, and share information on social flares directly with scientists. However, across this theme, not all
resources are equally accessible or of equal quality. A wealth of online resources is available but we need to
evaluate and filter the quality of the information on offer. 

Learning with Others 
Social interaction fuels much of our knowledge production: while teachers are a key part of this process, peers
are also important players in the learning process. Collaboration, networking, participation and performance
are all dimensions of social learning. There is considerable enthusiasm and commitment to developing
innovative approaches that support learning with others, with the research showing that innovation flourishes
in this context.  Among the research-led innovations, three particularly promising areas for development were
identified: 

• Representational tools that enable activities taking place, and learner achievements, to be represented 
• Scaffolding tools that provide a structure for learning with others
• Communications tools that facilitate collaboration at a distance

Academic research has found some particularly interesting cases with solid evidence. For example, the NiCE
Discussion Roomv in Austria has illustrated how the design of both tools and space can be coordinated to
create a versatile environment for social learning. However, the range of research-led examples differed
considerably from the teacher-led examples. While social learning is enthusiastically pursued by many teachers,
the particularly innovative and evidenced research-led examples are not filtering down into the classroom.
More could be done to raise awareness among teachers of new tools that support learning with others.

Learning through Making
Making and sharing things is an effective way to learn. Digital technologies have increased the range of things
which can be constructed. There are numerous teacher-led innovations that are enthusiastically putting this
theme into practice. Online the variety of educational making resources are ever increasing, including  MIT’s
Scratchvi programming language and online community, the ’multi–agent programmable modelling
environment’ NetLogo,vii and the musical ‘programming language and environment’ Impromptu.viii

Alternatively, kits like HummingBirdix are being used to engage young people with engineering, design and
robotics through more creative applications like physically animating the scenes of a poem. 

It is important to consider how to use these tools for making and connect them to clear learning outcomes.
As these activities become increasingly popular, we need to capture how learning through making can be best
applied, and increase access to different tools – from design software to the Raspberry Pix to 3D printers –
and training that teachers can use to implement these activities.

Learning through Exploring
Learners have always browsed information to gain new knowledge. But the amount of information in this
digital age can become overwhelming and require strategies and skills to find and filter information usefully.
To learn through exploring, learners need to be given the freedom to act; but they also need to learn how to
regulate their own actions – an experience at times difficult to embed within formal educational settings. 

Tools are offering new ways to engage with and explore information as well as structure these experiences.
Radical examples like Sugata Mitra’s Hole-in-the-Wallxi really capture the potential of enabling learners to
explore with different technologies. Equally, new tools like 3D simulations, visualisations and augmented physical
spaces can enhance and create opportunities for guided and spontaneous exploration. For example, young

Notes:
       iii     www.skype.com/
       iv     www.solarstormwatch.com/
       v     http://mi-lab.org/projects/nice-discussion-room/
       vi     scratch.mit.edu/
      vii     ccl.northwestern.edu/netlogo/

     viii     impromptu.moso.com.au/
       ix     www.hummingbirdkit.com/
       x     www.raspberrypi.org/
       xi     www.hole-in-the-wall.com/
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students can now learn coding principles by playing with electronic building blocks while large multi-touch
instillations can be placed in public settings, like a museum, for people to access and share science content. Still,
technology-supported exploring remains undervalued and underused within many formal educational settings.
While few innovations were found, the few identified did offer good promise and proof of impact.  

Learning through Inquiry
Inquiry-based learning helps learners gain new understanding by learning to ask questions, make discoveries,
and test them. There is much enthusiasm for this kind of learning particularly, and perhaps unsurprisingly,
among researchers. Using mobile devices, simulations and augmented reality we can structure and support
learners as they are in the middle of the learning process, whether in class, a museum or forest. This can give
learners the framework to conduct experiments and investigations of personal importance. Connecting
learning to real life problems and demands is particularly popular, although not always evidenced.

For example, the RoomQuakexii project transformed a classroom into an ‘earthquake zone’ over six weeks.
Using subwoofers and screens to simulate seismographs, randomly occurring earthquakes were measured
and tracked by pupils until they discovered the fault line in the classroom. Alternatively, when learning about
the election process and decision-making in politics, why not go through the process and encounter the
challenges first-hand? With free games like those from iCivicsxiii and MP for a Weekxiv this is now possible.
From social to physical sciences, technology can be used to organise inquiry and applied to scenarios that
would otherwise be difficult to accomplish. Greater creativity is needed to fully uncover the full potential of
this clearly fruitful area. 

Learning through Practising
Digital technology has been used to support practising for a long time, but innovation and evidence are
lacking. However, there are some great opportunities around to make digital practice better. While digital
dance mats are helping children physically represent maths concepts like scale, artificial intelligence in the
form of chatbots (like the automated customer support officers now popping up on websites) can hold
adaptive conversations that help learners practise foreign languages. 

For example, games are a common means of encouraging learners to practise.  But care is needed to
identify which games integrate the knowledge, skills and learning outcomes into their design. Wrapping a dull
activity into a game may increase motivation, but it is not going to improve learning. Technology can set
appropriately challenging problems and feedback in practice. For instance, Zombie Divisionxv is a game that
helps learners practice their multiplication and division by embedding maths into the heart of an engaging
game structure (fighting zombies). Established use of technology for practising has its place, but we are
missing out on better practising opportunities by sticking with what we know. 

Learning from Assessment
Effective feedback and reflection as well as accurate assessment and analysis help learners to progress and take
stock of their learning. Yet despite being a fundamental part of learning, assessment is continually dismissed as
an unlikely candidate for exciting innovation using technology. This is unfortunate and missing an immense
opportunity. Adaptive technologies and analytics are showing great promise for areas like formative assessment,
self-assessment and peer-assessment, but relatively few innovations are backed by evidence and put into
practice. Khan Academy’s integrated video, practice and analytics modelxvi may dominate public consciousness,
but the market is far from saturated. Looking to higher education, we can see automated marking systems like
AssignSim,xvii which provides learners with automatic feedback based on comparisons of their peers’ work.
Making different forms of assessment faster, easier and more accessible to teachers and learners could have
significant implications for learner achievement and, just possibly, education systems overall. There is an urgent

Notes:
      xii     http://www.evl.uic.edu/moher/roomquake/
     xiii     http://www.icivics.org/
     xiv     http://www.parliament.uk/education/online-resources/games/mp-for-a-week/
      xv     http://zombiedivision.co.uk/
     xvi     www.khanacademy.org/
    xvii     Naudé, Greyling, and Vogts (2010) 
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need to design and test more products with, and for, teachers and school-aged learners.

Learning in and across Settings
Knowledge and understanding are deepened when applied across different locations, contexts and activities.
Technology can help teachers and learners capture, store, compare and integrate material from and across
different settings – whether at school, on a field trip or at home. From recording tools, to PDAs, cameras to
GPS-enabled phones, mobile technologies offers great potential for taking learning out of the traditional
classroom environment. For instance, Lifelogsxviii – digital logs of everyday lives and experiences – are being
used in interesting ways to help learners capture what they are learning and then feed it back to them at
different times, which helps them to remember and consider their experiences while in different contexts.

Augmented reality is enabling learners to add a layer of information over the different contexts they
encounter. Different tools connect pupils to learning opportunities in the real world and structure these
experiences, which helps learners to appreciate the usefulness of what they are learning in class. The
EcoMOBILExix project incorporates many of these principles. On field trips to a local pond, students used a
mobile device to collects data and a virtual environment using augmented reality to solve environmental
mysteries and, therefore, learn about their local ecosystem.

Such experiences are becoming increasingly feasible for teachers to set up independently. Tools and start-
ups like Locomatrixxx are now helping teachers to create location-based games using mobile technologies. But
if we are to make use of technology across settings other stakeholders, like parents and community members,
need to be involved. Likewise, we need to recognise that activities which work at school will not automatically
transfer elsewhere, and vice versa. 

Link Learning Themes
Learning themes provide insight into how technologies can be applied for better learning. But the questions
arises, how can this all be built into a richer learning experience overall? The answer might lie in linking
different activities in and the across learning themes. This helps to facilitate a deeper learning experience
rather than a set of individual, disconnected learning activities. For instance, a learner might explore the
application of geometry by watching video lectures (Learning from Experts) and then practise what they have
learned through an online, adaptive game (Learning through Practising). This game might also track learner
progress and provide feedback to the teacher (Learning from Assessment), so he or she can adapt the next
class to focus on the most challenging concepts within targeted group discussions (Learning with Others). 

Some of the most powerful innovations found in Decoding Learning combined multiple approaches to
learning using different digital technologies. Some activities, like the EU-funded MuseumScoutsxxi project,
draw upon different technologies to run a series of dynamic activities with student groups. Alternatively,
online platforms like Project Noahxxii are be used to support and enable many different types of learning
activities, even offering a selection of sample course materials to inspire teachers. Again, teachers play a
critical role orchestrating different activities and the context within which they take place. As technologies
begin to be better used to link and support learning themes, this can build upwards toward linking at the
classroom, school and system level.  

Context is Important
These are just some of the examples from Decoding Learning, which point towards an immensely positive
future. However, these innovations will not be relevant to everyone and implementing them will not be
without its challenges. Indeed, it is important to guard against the assumption that new technologies will
smoothly and effortlessly improve leaning. To create better learning activities, we need to consider the
context where learning takes place. What people and tools do you need to run an activity? Do the learners or
teachers need any pre-existing knowledge or skills? Where can this activity take place? 

In Decoding Learning, we advocate for better research and evaluation of the contextual factors affecting

Notes:
   xviii     Kalnikaite et al. (2010)
     xix     ecomobile.gse.harvard.edu/
      xx     www.locomatrix.com/

     xxi     museumsscouts.org/
    xxii     www.projectnoah.org/
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the use of technology for learning. But practitioners and technologies can drive demand for context-based
information by seeking it out as well as contribute this information based on their own experiences. 

Going Forward
Originally commissioned to inform Nesta’s digital education programme, we hope this report will also serve as
a tool for discussion and action, bringing together stakeholders across the technology and education sectors
around a common language and imperative. 

One of the most powerful conclusions of the report was the persistent disconnect between product design,
teaching approaches, and evidence. If we are going to realise and scale these (and other) opportunities for
learning with technology, then we need to link industry, research and practice. To achieve this, it means
creating and sustaining channels of communication through which:

• Researchers can get a feed forward from the educational technology industry about what they are
developing, the current market needs and the problems to be addressed; 

• Industry can get hold of accessible research that addresses the challenges they currently face; and
• Schools and teachers can gain clear and evidence–based guidance on effective uses of technology for

learning, and access to the training and resources need to realise it.

A joined-up approach between practitioners, researchers and designers has already influenced Nesta’s
work in digital education, as reflected in Plan I,xxiii published this summer, and the acclaimed Next Gen,xxiv

published last year. The Digital Makers programmexxv – which aims to encourage and enable a generation of
young people to become creators rather than simply consumers of technology – takes this to the next level,
with an open call for ideas to give more young people coding and computer programme writing skills. In the
coming months Nesta will explore further how to support the link between research, practice and industry.
Additionally, Nesta will also consider the full breadth of practical insight within Decoding Learning and
develop practical action that takes advantage of key opportunities and gaps. If this resonates with your
practice, we would be interested in hearing from you. 

But practitioners need not wait for us to develop our programme. Interested teachers and schools have
several opportunities they can implement almost immediately. First, classroom practice can be pushed to go
beyond isolated and inappropriate uses of technology in the classroom in favour of linking different learning
activities with technology (as discussed above). Secondly, schools heads and networks can increase the
support, time and freedom for teachers to experiment with new ways of using the digital technologies that
are already on hand. Teachers can also be proactive about continuously sharing experiences and approaches
from one another, as well as learn from students. 

Equally, by reaching out to technologists and educational researchers, schools can gain new knowledge
about technology for learning and feed into its development and evaluation –possibly even providing a test
ground for better innovations. But this is not all; digital technologies make it easier than ever to turn the world
into a learning place. Schools can open their gates and work with community members to get learning into
new contexts where different tools and expertise are available. 

Above all, we need a fundamental shift in focus. For too long, technology has been put above teaching and
excitement has been put above evidence. Digital technologies offer opportunities for innovation in teaching
but to achieve impact we need to concentrate on how technology can be used by pupils for learning. Only by
focusing on the learning activities will we be able to make better use of technologies that are widely available
and already purchased by many schools. Innovative teaching practice underpins this transformation and will
be fundamental to learning but it represents one part of a larger, more complex ecosystem supporting
education in the UK. 

For more information, please see Nesta’s Decoding Learning report, the Summary and Response and the list
of 150 innovations ranked by our expert panel.

Notes:
   xxiii     www.nesta.org.uk/assets/features/plan_i_report
   xxiv   www.nesta.org.uk/assets/features/next_gen
    xxv http://www.nesta.org.uk/areas_of_work/public_services_lab/digital_education/assets/features/

digital_makers
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