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a b s t r a c t 

Debates about digital learning, face-to-face learning and blended learning often focus on their effectiveness in 

achieving a few core educational outcomes. The cost or convenience of using different methods to achieve certain 

outcomes have increasingly come into the educational framework over the past two decades. However, only rarely 

do educators or learners consider the climate footprint of their various activities. This is an important shortcoming, 

as all learning activities can contribute to our overall climate footprint. Providers of education should do their 

best to minimise the carbon footprint associated with their learning. But learners also have responsibility to 

ensure that how they access learning is also associated with minimal environmental cost. Both providers and 

learners should focus on activities that are likely to have the greatest impact. This is relevant both to face-to-face 

education and digital learning. 
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Debates about digital learning, face-to-face learning, and blended

earning often focus on their effectiveness in achieving a few core educa-

ional outcomes. These include applied knowledge, problem-solving or

rocedural skills, and professional behaviours. The cost or convenience

f using different methods to achieve certain outcomes have increas-

ngly come into the educational framework over the past two decades. 1 

his is important as it enables learners and providers of education to

ccess and deliver education that is ideally high quality for the lowest

ossible cost. However, only rarely do educators or learners consider the

limate footprint of their various activities. 2 This is an important short-

oming, as all learning activities can contribute to our overall climate

ootprint. The ongoing climate crisis means that we should be doing

ll that we can – however large or small – to reduce that footprint, es-

ecially given the wider global healthcare implications. More extreme

eather, increasingly poorer air quality, and threats to food security

re just a few problems that affect patients. In the following perspec-

ive paper, we will outline a number of considerations that should be

aken into account when linking together learning activities, learning

utcomes, and carbon footprint. 

Face-to-face learning is the traditional means of delivering medi-

al education activities, and it has much to commend it. Students and

rainees can learn knowledge, skills and behaviours in face-to-face set-

ings and also have the opportunity to network and engage in infor-

al learning with educators and peers. The face-to-face environment

an especially help with learning practical or procedural skills and
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rofessional behaviours. However, travel is often required for face-to-

ace learning. 3 This can involve driving and/or using public transport,

hich can include air travel to events such as international conferences.

ravel to some in-person conferences can produce around 1,000 times

ore metric tonnes of CO2 than a virtual conference, with over 90% of

hese emissions potentially being attributed to travel. 4, 5 It is possible

or delegates or organisers to calculate the carbon footprint of different

omponents of face-to-face learning; however, Leddin et al suggest that

roviders should us a simplified model to do this ’using flying distance

nly, to estimate travel-related emissions’. 6 Using public transport is the

ost climate-friendly means of travelling. Hotel accommodation is also

equired if people are traveling for a meeting that lasts longer than a

ay. This will have its own environmental effects – such as the use of

etergents for laundry of beddings and towels. Physical events are of-

en associated with usage of implements such as single-use plastics and

olystyrene food packages. These are not a necessity, but they are a

ommon accompaniment of face-to-face learning events. This is not a

omprehensive account of the carbon footprint of face-to-face learning,

ut it should encapsulate most of the activities that can contribute –

amely travel, accommodation and subsistence. 7 

Digital learning can also enable multiple useful learning outcomes. It

an enable learning knowledge and the learning of certain skills and be-

aviours. Technological advances mean that certain learning outcomes

hat until recently would have only been possible with face-to-face learn-

ng (such as communication skills training and improvement) are now
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uite feasible with e-learning. And digital learning is usually more con-

enient than having to travel. Digital learning also has advantages in

erms of its carbon footprint over face-to-face learning. Digital learning

oes have a carbon footprint, but it is generally less than the carbon

ootprint involved in travel. 8 The carbon footprint associated with digi-

al learning involves electricity, hardware and software – to create and

ccess learning materials. Electronic devices have varying degrees of

limate-friendliness. Some devices consume more electricity than others

generally, desktop computers set up for advanced gaming or simula-

ion activities consume the most. 

So how best to balance all of this? There is a clear opportunity to get

he best from digital and face-to-face learning and to minimise carbon

ootprint at the same time. 

It is possible to reduce the amount of face-to-face learning that is re-

uired to achieve needed learning outcomes and to replace unnecessary

ace-to-face learning with digital learning. One example is that lectures

an be recorded or delivered live online. If travel is necessary, flying

hould be avoided apart from when there is no alternative. Public trans-

ort should be the preferred means of travel. Physical events providers

hould take all means possible to reduce their carbon footprint, from

voiding single-use plastics to providing environmentally friendly meals

nd staying in accommodation close to the conference. 

If digital learning is to be employed, learners should utilise devices

hat are the most environmentally friendly. These might be devices that

atisfy energy efficiency standards and that use less power. It might also

e preferable to use devices with a longer life or constructed with en-

ironmentally friendly material or that can be recycled. Another con-

ideration is the use of artificial intelligence in digital learning. Many

rtificial intelligence (AI) programmes are based on machine learning,

nd this can have a significant environmental impact. 9 This is because

f the energy requirement associated with this form of computing. There

re ways to reduce this carbon footprint, such as by reducing the compu-

ational demands of machine learning, using renewable energy sources

nd/or thinking through the lifecycle of machine learning programmes

rom deployment to maintenance and eventually to replacement. AI pro-

rammes can enable more personalised learning, but it is a matter of bal-

ncing this against increased carbon footprint. There is some evidence

hat younger doctors have a greater preference for e-learning than older

enerations, but there is not much evidence that concerns about climate

hange are affecting their preferences. 10 

In summary, it is clear that there are no right or wrong answers as

o how to provide effective learning with minimal environmental cost.

roviders of education should do their best to minimise the carbon foot-

rint associated with their learning. But learners also have responsi-

ility to ensure that how they access learning is also associated with

inimal environmental cost. Both providers and learners should focus

n activities that are likely to have the greatest impact. While avoid-

ng unnecessary flights to international conferences will likely make a

uch larger difference, the cumulative effect of eliminating single-use

lastics at face-to-face meetings cannot be overstated. And of course,

oth providers and learners share a responsibility that they get the most
2

ut of any form of learning that they take part in. Sometimes this might

ean blending face-to-face and digital learning – there is some evidence

hat this may help with the transfer of learning to practice. 11 It would

lso be good practice for providers of all forms of learning to publish the

arbon footprint of their programmes and efforts that they are making

r have made to reduce this. 
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