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Abstract  

Education should play an important role in improving European Union (EU) status in 

the context of stagnated GDP growth, very high unemployment rates, and an aging 

workforce. Although educational technology is expected to contribute to improving 

education in the EU, compelling evidence of the benefits of technology on education 

remains elusive.  

In the current Network Society, the rel evant question is not if governments should 

invest in educational technology but  how government s should allocate funding in 

order to add more value to the educational system through technology.  

Educational technology encompasses a wide array of technologies and methodologies 

that are shaped by stakeholdersõ behaviours and affected by contextual factors that, if 

adequately mixed, can contribute to students and teachers better achieving their goals.  

Such a wide and complex task cannot be addressed by a simple and single 

intervention. Comprehensive on -going policies are required, covering technology, 

methodology, economic and regulatory aspects; in addition, such policies are 

dependent on strong stakeholder engagement. This is a new process where we must 

learn by doing ; therefore, carefully assessing the results of the different interventions is 

crucial to ensuring success.  

The following  topics are analysed in this report : emerging educational technologies, 

new ways of teaching and learning fostered by those technologies, the role of different 

educational stakeholders, and other contextual considerations. Based on the analysis, 

and taking into account the challenges facing Europe, several policy options are 

proposed and assessed. We expect that this report will support EU policy -makers to 

define educational technology policies to adequately respond to the needs of the EU. 
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EXECUTIVE SUMMARY 

Throughout human history, disruptive technologies such as the birth of writing or the appearance of 

printed works , were considered to revolutionize education. Nowadays, once again, the irruption of 

digital technologies and the Internet are expected to substantially change the educational system. 

However, compelling evidence of the benefits of technology on education remains elusive. Progress is 

undeniably being made although at  a much slower pace than anticipated. 

Educational technology is not a single and simple intervention ; rather, it encompasses a wide array of 

equipment, tools, services and practices that can help students and teachers throughout the 

educational process to better achieve their goals. Technology by itself does not result in  better 

education; rather improved results are achieved by the manner in which  technology is effectively 

integrated in to the educational process.  

This report intends to provide helpful ins ights about these complex and challenging topics by 

analysing the following : (1) new and emerging educational technologies; (2) new ways of teaching and 

learning fostered by those technologies; (3) the role of different educational stakeholders; (4) the future 

of education in the European Union (EU); and (5) other considerations. Based on the aforementioned 

analysis, several policy options are proposed and assessed. 

New and emerging learning technologies  

Technologies influencing education have been grouped into: enabling technologies, cloud 

technologies, devices, technical support as well as educational contents, tools and services. 

The majority  of schools in the EU have broadband connectivity; access to the Internet has substantially 

improved over the last years. However, a lack of ultra broadband connectivity at the school level ñ

with speeds higher than 100 Mbpsñ can seriously hinder the adoption of new teaching and learning 

practices that require high bandwidth. At the household level, there are high penet ration rates of 

broadband Internet access, although with persistent disparities depending on the socio-economic 

status of households.  

Digital contents, applications, and services are increasingly being delivered on demand through the 

Internet from shared infrastructures managed by third parties through the  cloud computing model. 

This model has several benefits in the educational environment , such as the fast provision of new 

services, easy infrastructure scaling, reducing the required initial investment in  an environment of 

budget costs, and allowing public managers to draw upon complex innovations without the need to 

implement unfeasible changes in their organizations. These are the reasons the market of cloud 

computing in education is expected to more tha n double over the next 5 years.  

The connected society has shifted from fixed connectivity based on shared personal computers 

towards a mobile multimedia personal connectivity characterized by fast and persistent connection 

and ubiquitous access. The Internet is becoming mobile. Between 2013 and 2018, mobile data traffic is 

expected to grow 3 times faster than fixed traffic. From an educational perspective, mobile networks 

provide greater flexibility to deploy new ways of teaching and learning , and to overcome physical and 

time barriers when accessing education. Smartphones are the main beneficiaries in the context of this 

shift. The market share of smartphones will continue to grow, accounting for 74.1 per cent of the total 

connected devices in 2018. Surprisingly, in this environment of personal mobile devices, the majority 

of teachers and students access digital resources through a  shared fixed computer. It is expected that 

in the medium -term, personal mobile devices, such as wearable devices, tablets and smartphones will 

play a much more relevant role in the educational environment.  

The Internet has substantially changed the contents industry by decreasing the production costs, 

promoting collaborative creation, and by creating global markets where contents can be easily 

provided worldwide. As a result, digital contents are becoming the most relevant source of traffic on 
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the Internet. There is also an increasing trend towards making educational contents and resources 

freely available through  what it is called  the Open Educational Resources (OER) movement.  

Other services and tools that might have a substantial impact on education are mobile apps, social 

media and artificial intelligence systems. Mobile apps are expected to be an increasingly  relevant 

media wit h which to  deliver educational contents and services. Currently, educational apps are the 

second largest category in the Apple store and the sixth largest category in the Google Play store. 

Social media, when used in the educational context, allow s teachers and students to communicate and 

access content anytime, anywhere, particularly when accessed in mobility. Their use, in addition to 

providing ubiquity and flexibility to the educational process, enhance collaboration, participation and 

creativity thanks to co-creation of contents and knowledge. They are also a new source of information 

that can lead to creating personalised environments adapted to the specificities of the students. 

Finally, virtual assistants might have vast application in higher educatio n and lifelong learning and 

can boost self-driven learning.  

New ways of teaching and learning  

Deploying technology at schools alone will not transform education. Technology should be 

considered as an enabler for innovation. Its integration in to the educational process needs to 

simultaneously take place with innovation in the curriculum, pedagogies, and the organization to 

improve learning outcomes and achieve the goal of providing the right skills to increase 

competitiveness and employability.  

One crucial element of this holistic innovation approach is the curricula. Curricula at K -12 levels have 

remained largely unchanged for decades. There is a general consensus that they need to be revamped. 

Some authors argue that the curricula should be reformed in a manner which  stimulates further 

creativity and innovation, while others claim a total review of its content and structure  is required. 

Together with the reform of the curricula , a review of the assessment procedures is required. If the 

required skills are shifting, the way in which they are assessed should be modified to accurately judge 

if the objectives have been achieved.  

Learning and teaching practices constitute the third element necessary to truly innovate and ensure 

the effective integration of techn ologies in education. The learning environment has to be transformed 

into a òCreative Classroom,ó an innovative learning environment where teachers adopt the role of 

facilitators or coaches, and the experience of learning for students is flexible, personalised and fun. 

The report includes a brief review of the most relevant trends regarding learning and teaching 

practices aimed at transforming the classroom: mLearning, 1to1, Bring Your Own Device (BYOD), 

self-driven learning, personalised learning and assessment, peer to peer assessment, flipped learning, 

game-based learning and gamification, collaborative learning and collaborative creation, Massive 

Open Online Courses (MOOCs), seamless learning, and learning analytics. 

The role of the stakeholders  

School leaders are important  catalysts for change; they play a crucial role in fostering an environment 

where technology is smoothly integrated in to the educational process by providing strategic vision, 

defining consistent priorities, establishing clear goals, creating a supportive environment, and 

developing actions aimed at transforming closed institutions into connected open learning 

communities.  

Teachersõ skills, attitudes, abilities and experience are the most relevant factors affecting the way 

technology is used in the classroom. Teachers need to be properly trained not only in technology, but 

also in methodologies and abilities to integrate technology in to the educational process. Lack of 

teachersõ confidence in their technology skills in the EU yields teachers using technology only to 

prepare their classes without fostering new ways of learning and teaching.  

The role of students is becoming increasingly active in the new digital environment. Students are 

expected to develop and share information and contents, give their opinions, interact with other 
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students and teachers, and even assess the results of their mates. However, inadequate digital 

competences of the students are hindering the process. Although students are considered digital 

natives, only 30 per cent of EU students can be considered digitally competent. 

Families are responsible for  providing a home environment that supports digital learning. It leads to 

strong inequalities because family income and parental education are strongly related to digital  and 

achievement gaps; this relationship is expected to grow in the absence of further effective measures. 

In cooperating with schools, governments, and companies, non-profit organizations (NGOs) can bring 

different stakeholders together to share knowledge , provide equipment, train teachers, families, and 

students, as well as raise awareness. 

The industry is the main provider of technology infrastructure, contents, and applications. However, 

the EU is missing the opportunity to lead the development of value d added e-learning products and 

services, while the US and certain Asian countries are increasingly becoming leaders in this area. 

The future of education in the EU  

The EU is facing a challenging situation with stagnated GDP growth and very high unemployme nt 

rates. The ageing population in the EU compounds the problem by forcing retraining workers in a fast 

evolving environment to keep the productivity level. With regards to education  indicators , the EU is 

not performing  significantly  better in comparison to China or Korea. Although EU countries are 

achieving average results on PISA scores (which have improve d slightly over  the last 3 years), certain 

Asian countries are performing better and improving faster in comparison to  the EU. Strong 

disparities also arise in education performance among EU countries. 

There is a strong relationship between education performance and macro-economic indicators, and 

this relationship seems to be more intense within the EU, particularly for unemployment rates. It 

suggests that the EU economy is more dependent on having a highly skilled labour force due to a 

larger number of  technology-based industries. A lthough having a highly skilled population is crucial 

to maintaining  competitiveness, the EU has a high percentage of youth with low skills to solve 

problems in technology rich environments and the situation is not improving.  

Educational technology can contribute to improving the educational achievements and skills of youth , 

and maintain ing the productivity level of an ageing workforce, thus increasing the competitiveness of 

EU workers in a global and fast evolving economic environment.  

With regards to  technology at the school level, the analysis shows that the countries with the highest  

academic achievements tend to use computers in education moderately. In fact higher levels of 

computer use seem to be related to a higher percentage of students performing poorly. These results 

demonstrate that the manner in which computers are  used is more important that the  numbers of 

computers a school possesses.  

Technology is also supposed to facilitate lifelong learning by promoting ubiquitous access to quality 

educational contents. Consequently, it is expected that education through technology may play a 

pivotal role in reducing high unempl oyment rates in the EU and providing new skills to older 

workers. However, the analysis suggests that less educated and older populations are highly  unlikely 

to be involved in lifelong education activities and this is particularly true for new ways of educ ation 

(open and distance education) fostered by technology. 

Other considerations  

Return on investment 

In the current environment of budget cuts and increasing social pressure towards public sector 

efficiency, performing careful evaluations of the costs and  benefits associated with  investments in 

educational technology has become increasingly important. The most frequently  used methodology to 

evaluate public investment is cost-benefit analysis.  
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The short-term benefits of technology in education are related to improved academic achievements, 

while the long -term impacts affect individuals and the society as a whole: increased productivity and 

employability, higher earnings, and other intangible benefits of having a better educated population. 

Assessing those benefits is a challenging task. Most of the benefits are difficult to capture and 

quantify, particularly in the long -term, and it is difficult to isolate the true causes (and therefore the 

costs) behind those benefits. 

The second digital divide  

The digital  divide between affluent and poor families in the EU is more than 40 points. At the school 

level, although the situation has improved over the last years, between 18-28 per cent of students 

depending on the grade, lack access to Information and Communicati on Technologies (ICT) both at 

home and at school. Moreover, the divide is not only about infrastructures ; rather, it is also about how 

technology is used. Once the infrastructure is available, the inequality emerges as a result of an 

inability to properly use the technology - the so-called second digital divide. Digital inequalities in 

developed countries are arising as a side effect of the large-scale implementation of technology in 

schools. This knowledge gap can affect peopleõs income, their social mobility and ultimately their 

quality of life more than the achievement gap ; it can also result in  productivity loss and affect ICT 

growth. Conversely, there is a valuable side effect in solving the educational digital divide: it can fast 

track the process towards a more efficient and fully digitalised society.  

Regulations and ethical issues 

The use of technologies in education encounters various regulatory and ethical issues. We have 

identified four main areas with legal and ethical implications that should be taken into account when 

deciding upon policy options: cyber security and privacy, intellectual property rights, standardisation 

and interoperability , and the recognition of informal education and new skills.  

The increasing use of emerging technologies in education and within schools raises concerns about 

privacy and security issues. The use of cloud-based technologies in schools might result in  risks 

regarding  the protection of studentsõ private data, such as: the ownership of the data, the regulatory 

compliance depending on the location of the data, the technical and administrative protection 

measures, and the transparency of agreements regarding the disclosure and uses of studentsõ 

information. Learning analytics raise three main types of ethical concerns: location and interpretation 

of data, informed consent, privacy, de-identification of data, and classification and management of 

data. Data protection policies and regulation should seek a balance between the protection of 

fundamental rights and promoting  innovation by effectively protecting citizens while minimising 

their potential negative impact on the development of learning analytics products and services. 

Eventually, the increasing use of Internet augments risks such as cyberbullying or grooming.  

One of the most relevant barriers to the development of digital educational resources in the EU is the 

lack of a clear and harmonized legal framework. The current European intellectual property regime 

hinders the creation and use of online educational contents, and generates uncertainty for educators 

and learners.  

A l ack of interoperability between operating systems and platforms , and a lack of portability of 

resources may hinder the full exploitation of the benefits of educational technologies. If applicati ons 

and contents do not run seamlessly through devices, technology options are constrained and costs are 

increased. The mobile ecosystem is dominated by two operating systems: Googleõs Android and 

Appleõs iOS, together accounting together for over 90 per cent of the market in the EU. These 

companies set their own closed standards resulting in  difficult interoperability for commercial 

reasons. This market dominance restricts business opportunities for EU service providers and 

developers, thus hindering innov ative learning practices. 
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Evaluation 

Regarding technology in education , it is particularly important  to continuously design and implement 

new policies as well as assess the results of these policies. Evaluating policies can be particularly 

interesting in  the EU where results of different policies deployed at the national and regional levels 

can be easily compared; this creates a natural policy lab that could substantially improve the effect s of 

the policies in the medium -term. Evaluation should not be foc used on technology itself but on how 

technology is integrated in to the educational process following a comprehensive approach. Moreover, 

the effects of educational policies should consider a wide variety of short -term performance indicators 

and long-term achievements. 

Policy options  

The main challenges identified in the analysis are as follows: (1) a lack of compelling evidence 

pertaining to  the benefits of the different technology options in education performance; (2) persistent 

inequalities  both among and within EU countries; (3) increasing speed of the technological evolution; 

(4) a lack of strong involvement of relevant stakeholders: teachers, civil society and the industry; (5) an 

inadequate regulatory framework; and (6) budget pressure.  

There are several options available to policy makers that can contribute to addressing the  educational 

technology challenges facing the EU. An assessment matrix is used to assess how adequately the 

different policy options address these challenges. The assessment criteria used in the analysis include : 

(1) managing uncertainty, (2) tackling inequality, (3) innovative approach, (4) stakeholder 

engagement, (5) regulatory concerns, (6) budgetary feasibility, ( 7) political feasibility and ( 8) feasibility 

in the EU context. Based on the analysis, and taking into account further political and socio -economic 

considerations, policy  makers may select the policies, which best reflect the interests of EU society. 

The policies are classified into four groups: technology policies, stakeholderõs engagement policies, 

competitiveness policies and cross-cutting  policies.   

Technology policies 

¶ Extensive deployments of technology at the school level 

¶ Pilot based deployment 

¶ Defining and reaching a minimum threshold of infrastructure at school  

¶ Sharing infrastructure and services in the cloud  

¶ Drawing upon studentsõ devices  

¶ Drawing upon open and collaborative environments to create educational resources  

Stakeholdersõ engagement policies 

Teachers 

¶ Reforming educatorsõ training and assessment systems 

¶ Implement ing specific Continuing Professional Development (CPD) plans  

¶ Promoting collaborative transnational educatorsõ communities 

Industry  

¶ Promoting public -private  partnerships  

¶ Involv ing the industry in the policy -making process to better align its needs with  that of the 

education sector  

¶ Strengthening cooperation in innovation and research  

¶ Boosting innovation in the industry of contents and services  

Families 

¶ Carry ing out awareness raising campaigns  

¶ Implement ing economic incentives 



STOA - Science and Technology Options Assessme nt  

10 

¶ Direct provisioning o f technology and training services  

Competitiveness policies 

¶ Adapting the curriculum  

¶ Designing and officially recogniz ing new assessment methods 

¶ Shaping the role of MOOCs to effectively contribut e to lifelong learning  

¶ Increasing the recognition of informal education 

Cross-cutting policies 

¶ Creating tools to properly evaluate policies    
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1. INTRODUCTION  

Technology seems to be the next big revolution in education. Schools will no longer be the same, 

books will likely disappear in classrooms, the barriers between t eachers and students will be blurred, 

high quality contents developed collaboratively will be available for free, and tailored education for 

all will be accessible anytime, anywhere through mobile personal devices, thus promoting lifelong  

learning. However , things are not proceeding as expected. Considerable public investments in 

educational technology have not achieved as many results as expected and compelling evidence of the 

benefits of technology on education remains elusive (Livingstone, 2012). Progress is undeniably being 

made, however, at a much slower pace than anticipated. 

Educational technology is not a single and simple intervention than can improve education ; rather, it 

encompasses a wide array of technologies, tools, services, and methodologies that can help students 

and teachers throughout the educational process to better achieve their goals (Tamim, Bernard, 

Borokhovski, Abrami, & Schmid, 2011, p. 19). It is not technology itself  that matters the most; rather, it 

is how teachers, students, families, and school leaders use the technology. Creating pervasive 

technology environment s in the educational system without having clear goals can do more harm 

than good. Providing computers to students in low -income families may substantially worsen their 

educational outcomes (Vigdor & Ladd, 2010 ). Education is a complex system and technology by itself 

may have unintended consequences if not properly used. The goal is to create a positive and 

innovative environment where technology could be successfully integrated in to the educational 

process. The effect of new and emerging learning technologies on education is a complex topic with 

several intertwined factors affecting each other: how technology and the foundations of the learning 

process are related to each other, which are the main technology trends, what emerging learning and 

teaching methodologies are fostered by these technology trends, and how stakeholders are shaping 

and applying these technologies and methodologies in the different educational levels. Moreover , 

other relevant topics also play an important role , such as whether or not these technologies will foster 

furt her inequalities and the role of researchers and the industryñproviders and consumers of 

education at the same timeñin this new environment.  

The persistent economic meltdown and the challenges facing the European society in the globalized 

and digitalized environment has lead Europe to a crossroad. How can Europe increase 

competitiveness and productivity to reduce unemployment and increase wealth? What is the role of 

education, and particularly technology in education, in this process? What can policy maker s do to 

draw upon the potential benefits of using emerging technologies in education while avoiding their 

downsides? 

This report intends to provide helpful insights about these complex and challenging questions. By 

analysing the former topics, and considering the current status of education in Europe, this study will 

present policy options to help policymakers develop appropriate policies in order to benefit from 

educational technology. 

The document is structured as follows:  

¶ Chapter 2: New and Emerging Lear ning Technologies, analyses the current status and 

expected evolution of technologies, and the tools and services that are arising as a result of 

these technology trends. Technologies are grouped into four  main categories: enabling 

technologies, cloud technologies, devices and technical support . These technologies allow the 

provision  of innovative educational tools, contents, and services, such as open educational 

resources, educational apps, advanced learning management systems, online collaboration 

platfo rms, data analytics and virtual assistants. 

¶ Chapter 3: New Ways of Teaching and Learning, analyses innovative educational models 

arising in this environment. BYOD and 1to1 models foster the creation of ubiquitous 

pervasive technology environments. Data analytics promotes flexible and personalized 
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teaching and learning. Boundaries between teachers and students are being blurred by flipped 

learning, collaborative creation of tools and contents and peer-to-peer assessment. Personal 

devices and mobile networks foster òanytime anywhereó communication using ubiquitous 

social media. Further, v irtual assistants support self-learning. MOOCS represent a promising 

trend to promote lifelong  self-learning by combining flexibility, peer -to-peer assessment, 

collaboration and virtual assistants.  

¶ Chapter 4: The Role of Stakeholders describes how the different stakeholders in the 

educational system, namely policy -makers, educational leaders, teachers, students, families, 

community and businesses shape the use of these technologies and tools depending on their 

interests, skills, and attitudes. 

¶ Chapter 5: THE FUTURE OF EDUCATION , analyses the current status of education in 

Europe compared to other countries, particularly regarding the u se of technology in 

education. Based on this analysis, the trends and future consequences for Europe are assessed. 

¶ Chapter 6: OTHER CONSIDERATIONS, covers additional topics such as the economic impact 

of technology in education, whether educational technology can foster inequalities, regulation 

that could have an impact on speeding up the process and improving the benefits of 

educational technology while mitigating the problems , and the importance of carefully 

evaluating educational technology policies . 

¶ Finally, Chapter 7: POLICY OPTIONS, analyses of the main alternatives available to policy 

makers. 

Figure 1 shows the relationship among these topics. 

Figure 1: General framework 1 

 

Source: Compiled by the authors 

                                                           

1 Equity is defined as òthe quality of being impartial or reasonableó and is related to the fairness of a policy, a 

programme or an action. The term should not be confused with equality that refers to the condition of being 
equal, that is, the same or alike. In some circumstances, policies that inten d to increase equity need to treat people 
or groups wi th inequality, that is, in a different way, for example , by applying positive discrimination. Treating 
everybody the same is not necessarily fair and might result in inequities.  
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2. NEW AND EMERGING LEARNING TECHNOLOGIES  

2.1. Foundations : How ICT impact our cognitive development  

Nowadays , technology is no longer a mere tool; it underli nes most of the activities of our life: the way 

we work, the way we communicate with others, the way we spend our leisure time, etc.  The intensive 

use of ICT has an impact on human beings, both physically  and mentally. Knowledge about t he effects 

of these technologies, particularly in children, constitutes a valuable basis for understanding the 

potential role of ICT in the educational process.  

The human brain is extremely complex and dynamic and it changes according to the way we use it. 

Changes in the neural pathways and synapses of the brain, called neuroplasticity, occur due to 

experiences and changes in our environment or context (stimuli and the brainõs own activity). 

Neuroplasticity takes place during the development of the brain, when it begins to pr ocess 

information, and during the learning and memorizing processes. It also occurs when the brain adapts 

to situations such as brain injuries. Although brain plasticity is a lifelong phenomenon, there are 

certain periods of life, such as infancy and adolescence, when the brain is more susceptible to these 

changes. 

For that reason, when studying the implementation and use of ICT in education, it is important to 

understand how these technologies affect our cognitive development. This understanding can lead t o 

the reduction of risks and the development of better services and products and, in particular, more 

effective learning and teaching practices.  

Neuroscience methods, such as functional magnetic resonance imaging (FMRI) or positron electron 

tomography (PET), allows one to observe the brain during  the learning process and identify  which 

circumstances or conditions affect this process. In particular, neurodidacti cs study  how learning and 

memory can be influenced (Sabitzer, 2011). Thanks to the cited disciplines, there is evidence that 

emerging technologies and the Internet are essentially changing how we receive information and how 

people, and especially young people, learn and memorize. However, due to the limited experimental 

data available (most of the existing evidence comes from small-scale neuroimaging studies) and the 

lack of consensus among experts (Choudhury & McKinney, 2013 ) we might well affirm that 

technology and the Internet are likely to  have both positive and negative effects on the cognitive 

development of children.  

For instance, Carr (2011) has indicated that in the same way reading has developed our imagination 

and increased our ability to concentrate, the Internet is negatively affecting these capabilities, while  

reinforcing our multitasking abilities and our capacity to rapidly scrutinize information.  

Some of the benefits identified by researchers regarding  the use of ICT are as follows (Taylor , 2012), 

(Shirky, 2010): 

¶ Improves visual skills  and spatial capabilities 

¶ Boosts multitasking abilities  

¶ Increases problem-solving abilities  

¶ Encourages collaborative interaction  May improve reaction times (for example thanks to the 

use of video games) 

¶ Improves pupilsõ motivation 

Some of the concerns raised by researchers and academia are as follows (Spitzer, 2012): 

¶ Reduction of concentration capacities and ability to think deeply (generate wisdom)  

¶ Diminution of memory  

¶ Decline of the quality of personal relationships (generation of superficial relationship s) 

¶ Generates risks associated with cyber mobbing and bullying  



STOA - Science and Technology Options Assessme nt  

14 

¶ Risks of technology overuse: addiction  

o Sleep disorders 

o Anxiety/depression  

o Increase of sedentary habits (health related problems) 

o May increase aggressive behaviours   

In the cited neuroplasticity  studies, researchers argue that the negative effects of ICT particularly 

influence the cognitive development of infants and young children . The cerebral deterioration caused 

in the long-term by the intense or excessive use of digital technologies and the Internet is known as 

òDigital Dementia ó. The term was coined in Korea in the 1990s and popular ised by Dr. Spitzer in 2012; 

it  describes how digital technologies are atrophying our brains because they are limiting the way we 

use them (Spitzer, 2012). 

One popular example is the use of the Internet to access information (for example by using Google). 

The possibility of accessing any informatio n anytime, anywhere, through a mobile device is affecting 

our memorizing capacities ð we no longer need to memorize much information ð and these capacities 

are essential for the development of critical thinking and knowledge . We now rely on external 

òmemoriesó (the cloud or a hard disk)  and not on the òlocaló memory of our brain (Sparrow, Liu, & 

Wegner, 2011). On the positive side, some authors think that this might free resources for new mental 

activities or capabilities  (Wegner & Ward, 2013). What some identify as being harmful effects of 

technologies, others see as potential distinct advantages; consequently, neuroscientific knowledge 

should be used carefully when guiding public interventions in education  (Choudhury & McKinney, 

2013). 

2.2. Technologies  

In analysing the effect of technology on learning and teaching, it is important to understand the main 

technology trends affecting the educational environment. These trends are grouped into four  

categories: enabling technologies, cloud technologies, devices and technical support . Enabling 

technologies refer to the basic elements that make it possible to provid e services, namely connectivity, 

local area networks, and technical support , to schools, universities, companies and households. Cloud 

is another trend that deserves specific consideration. Most of the services are shifting to the network 

and are no longer locally provided. Eventually, the ev olution of electronic devices and how citizens 

access on-line services through these devices will shape new learning services provided through the 

network.  

2.2.1. Enabling technologies   

2.2.1.1 Fixed connectivity  

There is a clear trend towards high penetration rates of broadband Internet access among households 

in Europe. In fact, broadband connectivity among households has substantially increased over the last 

10 years. While in 2004 only 15 per cent of households had broadband Internet access, in 2013 this 

figure increased to 76 per cent; moreover, it is reaching saturation level among companies (Eurostat, 

2014e). Globally, the average speed of broadband access is 16 Megabits per second (Mbps) and it will 

triple in 2018, reaching 42 Mbps (CISCO, 2014a). 

These penetration rates can be considered sufficient for citizens to properly use educational resources 

through the Internet . Problems regarding specific population groups left behind will be further 

considered. When analysing the situation from an educational and learning perspective , it is 

interesting to study the level of connectivity at household s with dependent children as well as at 

schools. Regarding  families with dependent children , the results can be seen in Figure 2. As expected, 

families with dependent children have higher level s of Internet penetration, reaching a remarkable 91 
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per cent in 2013 among European countries (Eurostat, 2014d). There are two main reasons for this 

higher rate: young people press their parents to have Internet connection at home, and parents are 

aware of the benefits of having Internet access for the development of their children . 

 

Figure 2: Percentage of households with broadband Internet access  

 

Source: (Eurostat, 2014d) 

 

With regards to European schools, in 2012, the majority  had broadband connectivity (between 2 and 

30 Mbps), compared to less than three-quarters of schools in 2006, although between 4 and 8 per cent 

of students still lacked access to broadband connectivity. However , the next challenge is the adoption 

of ultra broadband connectivity - up to 300 Mbps - provided by fibre optic technologies (E. Schoolnet 

& Liege, 2013, p. 33). This figure is very low in Europe. As of 2014, less than 10 per cent of students in 

European schools had connectivity higher than 30 Mbps , while South Korean schools had 100 per cent 

of broadband penetration at an average speed of 118 Mbps (BusinessWire, 2014). The current lack of 

ultra broadband connectivity at the scho ol level can seriously hinder the adoption of new learning 

methodologies by not allowing the delivery of high definition contents and the effective use of cloud 

technologies and services.  

2.2.1.2 Mobile connectivity  

Broadband mobile connectivity is becoming incre asingly important. Mobile traffic in 2013 was 18 

times larger than total Internet traffic in 2000  ñ accounting for nearly 18 exabytes; further,  it is 

expected than this traffic will grow  11-fold between 2013 and 2018. During  this same period, mobile 

data traffic is expected to grow three times faster than fixed traffic (CISCO, 2014a). Mobile speeds 

more than doubled in 2013 compared to 2012, reaching an average of 1,387 kilobits per second 

(CISCO, 2014b). 

New technologies are being deployed that substantially improve the speed and capacity of the mobile 

networks. 4G/LTE (Long -Term Evolution) is the next stage in mobile connectivity that allows speeds 

up to 100 Mbps, 10 times higher than the speed provided by 3G/UMTS ( Universal Mobile 

Telecommunications System) and 3.5G/HSDPA ( High Speed Downlink Packet Access) technologies 

while re ducing the cost per megabyte (MB) up to 10 times. It will help to reduce the gap in 

performance between fixed and mobile networks making availability of high quality contents 
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anywhere and anytime a reality. However, 4G connections represent less than 3 per cent of mobile 

connections today, although they account for 30 per cent of mobile data traffic. It is important to note 

that in 2013, only 55 per cent of mobile traffic went through mobile networks , while  45 per cent of 

mobile traffic was offloaded onto f ixed networks through Wi -Fi or femtocells2 (CISCO, 2014b). This 

figure is expected to grow , and by 2018, 50 per cent of the mobile traffic will be offloaded in to the 

fixed networks. It makes fixed networks an adequate and necessary complement of mobile networks. 

The total traffic of mobile and Wi -Fi networks  is still lower than in wired networks (39 per cent). 

However, in 2018, it is expected that the total mobi le traffic will exceed traffic from wired devices, 

accounting for 61 per cent of IP traffic (CISCO, 2014a). 

From an educational perspective, mobile networks provide much gr eater flexibility to deploy new 

ways of teaching and learning, and to overcome physical and time barriers with regards to  accessing 

education. The Internet is, without a doubt, becoming mobile and educational technology will follow.  

2.2.1.3 On-site infrastructure  

The infrastructure at the school and university level provides the link between the Internet, school IT 

services and user devices. The on-site infrastructure is crucial to the provision of  services in an 

environment of low -speed connectivity. However, broadband connectivity and cloud services are 

shifting on -site infrastructure towards a mere link between the Internet and the devices. Although 

having adequate on-site infrastructure is a key factor to the effective integration of technology in the 

education process, only two thirds of students in European schools have access to a Local Area 

Network (LAN). Schools generally have both wired and wireless networks (E. Schoolnet & Liege, 

2013, p. 47). Having wireless network provides the required flexibility in the school environment and 

allows connecting mobile personal devices. 

2.2.2. Cloud   

Cloud computing refers to shifting technological services from traditional locally owned and managed 

IT infrastructures towards services delivered on demand through the network from a shared 

infrastructure provided and managed externally by a third party. The essential characteristics of cloud 

computing are: on-demand self-service, broad 

network access, resource pooling, rapid 

elasticity and measured service (Mell & 

Grance, 2011, p. 2).  

Traditional IT infrastructure is not flexible 

enough to cover the evolving demands of 

users. Rigid and established expensive 

infrastructures become obsolete while being 

unable of keep pace of the increasing demands 

of users and managers. Local IT managers and 

technicians lack the skills and knowledge 

required to provid e complex services. This 

explains the growing market of cloud services where a highly specialized third party provides these 

services in a smooth and seamless way. Resources are available when and where they are needed. In 

fact, enterprise spending on cloud services is expected to triple between 2011 (78.2 billion US dollar s) 

and 2017 (projected to be 235.1 billion US dollar s) (IHS, 2014). Cloud services can be provided using 

                                                           

2 Femtocells are small cellular telecommunications base stations that improve mobile coverage inside buildings ; 

they are usually connected to the operator's infrastructure through the Internet.  

The Higher Education Funding Council for England 
(HEFCE) launched a program in 2011 to promote the 
development of shared cloud services among 
universities and colleges in England. An investment of 
up to 10 million pounds in cloud computing, shared IT 
infrastructure, support to deliver virtual servers, 
storage and data management applications was 
committed to promote a collaborative and cost-
effective way of using technology in a time of 
pressure on university resources (HEFCE, 2011).  
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different models: Software as a Service, Platform as a Service or Infrastructure as a Service (Mell & 

Grance, 2011, p. 3)3. 

In the educational environment , it provides several benefits: allows for the fast provisio n of new 

applications, contents and services in the new mobile environment to keep track of the increasing 

demands of learners, teachers and managers; fosters the standardization and interoperability of 

services; eases the scaling of services; reduces the required initial investment in an environment of 

budget costs; and allows public managers to draw upon complex innovations without deep unfeasible 

changes in their team structure and composition (Mansuri, Verma, & Laxkar, 2014). Employeesõ and 

personal use of cloud (CDW LLC, 2013, pp. 30-31) and the increasing growth of high demanding 

traffic in the mobile (CISCO, 2014b) and fixed networks is making educational organizations move 

faster towards the cloud. In 2018, cloud traffic in the mobile networks is expected to increase to 90 per 

cent compared to 82 per cent in 2013. Cloud traffic will be mainly video and  audio streaming, online 

gaming, social network traffic, and on -line storage, categories closely related to the educational 

environment (CISCO, 2014b, p. 15). 

Eventually, cloud computing will have òthe power to fundamentally change how education 

stakeholdersõ cooperate and collaborate, substantiates the ability of technologies to alter the whole 

system of educationó (Koutsopoulos & Kotsanis, 2014, p. 58). 

Those are the reasons why the market of cloud computing in education is expected to grow from 5.05 

billion US dollar s in 2014 to 12.38 billion US dollar s by 2019 (marketsandmarkets.com, 2014). There are 

several cloud models that can be used by educational organizations including : private clouds, virtual 

private clouds 4, public clouds, community clouds and hybrid clouds (Mell & Grance, 2011, p. 3). In 

choosing the best model for a specific service, several factors must be taken into account, such as 

political and technical feasibility, legal and security issues, time to ma rket, strategic requirements, 

main objectives, previous infrastructure, investment and operational costs, and current skills and 

knowledge within the organization (CISCO, 2012). 

While new innovative specialised cloud services are expected to arise in the medium-term, the first 

steps go towards using out-of-the-box services that are widely used in the personal life of teachers and 

learners, such as Google apps for education, Dropbox or Skype (L. Johnson et al., 2014). 

2.2.3. Devices 

The connected society has shifted from fixed connectivity where a personal computer was low-speed 

connected to the Internet in a fixed physical place towards an embedded multimedia connectivity 

characterized by fast and persistent connection and ubiquitous access (Katz, 2008). Although  in 2013 

only 33 per cent of the traffic was generated by non-PC devices, in 2018 it is expected that this traffic 

will increase to over 50 per cent of the total traffic (CISCO, 2014a). A plethora of new mobile devices 

have arisen that is displacing computers as the main technological device used by citizens and 

companies to connect to the network, and the trend is increasing as shown in Figure 3. While in 2013 

8.89 per cent of the devices sold worldwide were desktop computers, the projected share in 2018 is 

expected to shrink to 4.9 per cent. The same phenomenon is occurring for laptops, whose market share 

will shift from 11. 59 per cent in 2013 to a estimated 6.9 per cent in 2018 (IDC, 2014). Smartphones are 

the main beneficiaries of this shift. Mobile devices in 2013 grew to 7 billion, up fro m 6.5 billion in 2012 

and smartphones accounted for 77 per cent of that growth (CISCO, 2014b). The share of smartphones 

                                                           

3 Software as a Service relates to providing end -user applications through the Internet, Platform as a Service 

refers to providing basic sof tware, such as database systems or application servers; and infrastructure as a Service 
involves having remote access to physical resources, such as servers and disk storage.  

4 Private clouds are based on infrastructures that are not shared with other organizations, while virtual private 

clouds are private resources allocated within  a public infrastructure.  
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will cont inue growing ; it is expected that, in 2018, they will  account for 74.1 per cent of the total 

connected devices. 

 

Figure 3: Worldwide smart devices market share  

 

Source: (IDC, 2014) 

With regards to  mobile devices, there is a clear trend towards a substantial growth of smartphones 

compared to non-smartphones, a 6-fold increase of tablets, and a similar increase of other Machine to 

Machine (M2M ) devices, including wearable devices. The increasing market share of smart devices 

and connections will be particularly relevant for the US and Western Europe. It is expected than in 

2018, the share of smart devices and connections in Western Europe will be 83 per cent in comparison 

to 45 per cent in 2013; moreover, the share of smart devices is expected to reach 51 per cent in Central 

and Eastern Europe by 2018 in comparison to 15 per cent in 2013. Surprisingly, in thi s environment of 

personal mobile devices, the majority of teachers and students continue to access digital resources at 

schools through a  fixed computer. On average, the number of students per desktop computer is 7, 

while the number of students per laptop ranges between 8 and 20, depending on the grade. Currently, 

laptops, tablets and netbooks in schools only are relevant in five European countries: Denmark, 

Norway and Sweden at all grade levels, and Spain and Finland at some levels (E. Schoolnet & Liege, 

2013, p. 33).  

Figure 4 classifies the different devices by two criteria: feasibility and education performanc e. 

Feasibility compounds three factors: Total Cost of Ownership (TCO) of the device ñ including 

acquisition and maintenance cost, flexibility of use  ñ how easily the device can be installed and 

moved, and IT capabilities ñ software and applications that can run on the device and IT 

performance. Education performance compounds two factors: how easily the device integrates in to 

the education environment ñ attending physical, functional and performance characteristics  ñ and 

how confident teachers and students feel about the device. Based on these criteria, the devices are 

classified as òwinnersó: high education performance and high feasibility, òchallengersó: high 

feasibility but low education performance, òchallengedó: high education performance but low 

feasibility and òlosersó:  low education performance and feasibility. Information about the number of 

worldwide shipments in 2013 per type of device is also reflected in the chart through the size of the 

ball. This information is particularly  relevant because electronic devices have a short lifetime, and 

therefore, current shipments show very clearly the total number of devices in the years to come. 

Interactive whiteboards are also included in the analysis, although in this case, the size of the ball 

refers to the total number of interactive whiteboards at European schools. 
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Figure 4: Device strategic positioning in 2013  

 

Source: Compiled by the authors based on (CISCO, 2014b; Gartner, 2014a; IDC, 2014; E. Schoolnet & Liege, 2013) 

 

More inter esting is how this situation will likely shift in 2018 as shown in Figure 5. All mobile 

personal devices will grow in number of shipments compared to 2013 while desktop computers and 

laptops will substantially reduce their market share. It is expected that in the medium-term, personal 

mobile devices, such as wearable devices, tablets, smartphones, and phablets (half way between both 

of them) will play a much more relevant role in the educational environment. Interactive whiteboards  

are expected to grow in European schools because they foster a smooth way of blending technology 

and traditional learning. Desktop and laptops are likely to reduce their  presence in the education 

environment. This shift will foster more flexible and adequ ate uses while keeping the cost low, thus 

opening a world of new possibilities.  
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Figure 5: Device strategic positioning in 2018  

 

Source: Compiled by the authors based on (CISCO, 2014b; Gartner, 2014a; IDC, 2014; E. Schoolnet & Liege, 2013) 

There is evidence that supports this trend towards a mobile ecosystem. Observing children aged 

between 9 and 16 years in four European countries (Denmark, Italy, Romania and the UK) , the most 

used device for  Internet access on a daily basis is a smartphone followed by a laptop and a tablet 

(Mascheroni & Ólafsson, 2013, p. 11) (see Figure 6). 

 

Figure 6: Devices used to access the Internet daily at differe nt locations  

 

Source: Compiled by the authors based on (Mascheroni & Ólafsson, 2013, p. 11) 
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Moreover, when analys ing the same information by place, as shown in Figure 7, the gap between 

school and other places is remarkable, particularly if considering that smartphones are still rarely used 

for educational purposes at the school.  

However, using personal heterogeneous devices in the school raises concerns about the 

interoperability  of contents and services. New standards should be defined to guarantee that contents 

and services could run on any available device and platform. Moreover, these standards should be 

open to avoid market dominance and monopolistic behaviours that could end  up making users worse 

off.  

 

Figure 7: Devices used to access the Internet daily by location  

 

Source: Compiled by the authors based on (Mascheroni & Ólafsson, 2013, p. 11) 

 

2.2.3.1 Desk computers 

Desk computers are most frequently used  in schools for Internet access; the penetration has 

dramatically improved over the last 15 years. In 2000, on average, there was one computer per 20 

students aged 15; in 2011 there was on average one computer per two students at the secondary level, 

and one computer per 4 students at the 4th grade, with only 3 countries having more than 6 students 

per computer (Eurydice, 2011, p. 75). In fact, the ratio of students to computers has been used as an 

indicator of ICT penetration, although the presence of computers alone does not guarantee that 

technology is properly used for learning. Along with the average growth in the number of computer s 

per students, disparities  in this indicator between schools have also substantially been reduced in the 

last years in most European countries.  

2.2.3.2 Laptops 

Using laptops in classrooms has several benefits. It allows fostering more flexible teaching models 

while promoting the sharing of devices among students and classes. Another potential benefit is that 

laptops encourage òBring your own technology ó policies, where the students take their own laptops 

to school. While this option would  substantially increase the number of laptops in classrooms, it raises 
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concerns about inequality. These policies should go hand-in-hand with providing computers to 

students of low -income families.  

2.2.3.3 Tablets 

On average, a tablet generates 2.6 times more traffic than a smartphone (CISCO, 2014b). Although the 

current number of smartp hones is much higher than tablets, and this trend is unlikely to change in the 

medium -term, the total traffic generated by tablets is growing at a faster pace. Another important 

trend is that borders between tablets and smartphones are blurring. Although i t is likely that both 

devices will coexist in the next few years, the market share of smartphones with larger screens 

(phablets) and smaller size tablets is making it increasingly difficult to differentiate between both 

types of devices. Due to their  impro ved screen and IT performance, tablets provide higher capabilities 

compared to smartphones, which makes them more adequate devices for education purposes. 

2.2.3.4 E-readers  

E-readers could act as substitutes for books. The cost of e-readers is quite low and they enable 

textbooks to be offered in digital format, thus potentially saving money, room  and lighting the load on 

childrenõs shoulders. However, e-readers have not succeeded in the educational environment, mainly 

due to a lack of application s and multimedia c apabilities. In fact, very few e-readers are reported in 

European schools; in 2013, there were 100 students per e-reader in almost all countries (E. Schoolnet & 

Liege, 2013, p. 41) 

2.2.3.5 Smartphones 

Smartphones are the rising star of Internet traffic. The average traffic generated by a smartphone is 

expected to grow 5 times during  2013, reaching an average of 2.7 GB per month (CISCO, 2014b).  

This phenomenon is particularly significant for students. Cell phones are common used by students 

outside the classroom. However, while most students have a cell phone, its use is usually restrained in 

the classroom environment on account of behavioural concerns. In fact, modern cell phones, namely 

smartphones, are small computers that would facilitate  the straightforward and virtually free 

implementation of the 1to1 model (Norris & Soloway, 2009). Currently between 28 and 46 per cent of 

European students use their own cell phone at school for learning purposes (E. Schoolnet & Liege, 

2013, p. 55). It is very likely that teachers are not encouraging the use of cell phones for learning 

purposes. 

2.2.3.6 Game consoles 

Game consoles are extensively used by young populations, although there is a clear trend towards 

smartphones replacing game consoles as the preferred gaming device. It is suggested that computer 

games have the potential to enhance skills and knowledge while increasing engagement and 

motivation (Passey, Goodison, & Britain, 2004; T¿z¿n, Yĕlmaz-Soylu, Karakuĺ, ĸnal, & Kĕzĕlkaya, 

2009). However, despite the evidence which confirms  the benefits of using game consoles in the 

classroom (Miller & Robertson, 2011) and the increasing number of schools using video games, there 

is a lack of using game consoles for learning purposes in core academic subjects (Kirriemuir & 

McFarlane, 2003).  

2.2.3.7   Wearable devices 

A wearable device is an electronic system that can be worn by a person; it possesses processing and 

communicating capabilities by either using its own cellular capability or through another device, such 

as a Wi-Fi router or a smartphone. These devices can adopt different forms such as glasses, watches, 

wallets, clothing, etc. 
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Although a number of these devices are still small, new technologies that allow compressing vast 

computing, storing and communicating capabilities in tiny components are pushing feasible designs 

into the markets. Most of the big brands are introducing watches, glasses and other devices that, only  

a few months ago, seemed only feasible in science fiction. The growth of applications, such as 

location-based services and augmented reality, fostered by the apps ecosystem is further fuelling the 

utility of these devices. However, these devices are still at a nascent stage and their potential use in the 

educational setting is still unclear. However,  the trend is clear and in 2018, it is expected that there will 

be more than 177 million wearable devices globally, compared to 22 million in 2013; moreover, traffic 

will grow 36 -fold reaching 61 petabytes per month by 2018 (CISCO, 2014b). Wearable devices will 

make computing and connectivity very pervasive in our daily lives ; they will  affect many aspects of 

life including  education. 

2.2.3.8   Interactive whiteboards and projectors  

Interactive whiteboards (IWB s) and projectors are increasingly gaining momentum in the school 

environment. There are some benefits to using these devices in the classroom. It is a very low -

disruptive technology because it fosters a smooth transition from òanalogicaló to digital blackboards. 

The educational methodologies can be easily adapted to these new devices and teachers feel 

comfortable using them in the classroom environment. It offers an easy path to discover new ways of 

blending technology and traditional teaching. However, the number of IWB s it is still low in European 

schools, with approximately 100 students per one IWB; in addition,  teachers and school leaders 

consider that lack of IWB at European schools hinders ICT use. Only 30 per cent of students at grade 8 

and 20 per cent at grade 11 use an IWB at least once a week. Most of the IWBs are located in 

classrooms, however, some can be found in labs, particularly in the context of vocational education ; 

very few are available in libraries. The good news is that there are twice as many beamers than IWBs, 

creating an opportunity to substantially increase the number of IWB while keeping costs to a 

minimum  (E. Schoolnet & Liege, 2013, pp. 9,19).  

2.2.4. Technical support  

The lack of adequate technical support is considered one of the most relevant factors hindering the 

effective introduction of technol ogical resources in the educational environment, affecting up to 50 per 

cent of students in some European countries (Eurydice, 2011, p. 84). While governments are concerned 

about providing computers and equipment to schools, once the equipment is provided, governments 

are less concerned about providing adequate support and m aintenance, making technical 

maintenance a school issue. Most of the time schools are forced to maintain the equipment despite 

lacking  the necessary skills or budget. Between 75 per cent and 94 per cent of students, depending on 

the grade, are in schools where the school staff maintains the ICT infrastructure. In some countries, 

support for  higher educational units is sometimes outsourced to the private sector (E. Schoolnet & 

Liege, 2013, p. 50). 

2.3. Educational c ontents, tools and services  

A new myriad of innovative contents, tools and services has been deployed as a result of the fast 

evolution of the enabling technologies. Ultra broadband connections and services migrating into the 

cloud allow sharing information and contents and working in collaborative environments. Ubiquitous 

access promoted by faster mobile networks and intelligent mobile devices create new ways of 

communication anywhere, anytime.  
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2.3.1. eContent 

Over the last twenty years, the content industry  has undergone profound changes. Prior to  the 

eruption  of digital means, the content industry was a mature sector characterized by high entry 

barriers due to high costs of production and distribution. The  production of contents was oriented to 

specific groups of the population and the distribution was segmented geographically. However, 

digitisation substantially changed the industry by decreasing the production costs and creating global 

markets where the contents can be easily provided worldwide from a single location. Decreasing 

production costs are blurring the barriers between producers and consumers. The Internet creates an 

environment where specific usersõ preferences can be easily met by personalized services provided by 

new entrants that draw upon big data technologies to strongly personalize contents and services. 

Traditional media, such as newspapers, TV, and advertising, are seriously challenged by the new 

entrants, casting doubt on their very surv ival. New digital contents, such as social media and 

application ecosystems, are fundamentally shaping new ways of sharing services, contents and 

information.  

In fact, digital contents are becoming the most relevant source of traffic on the Internet. Globally, 

content delivery networks carried 36 per cent of the total traffic in 2013; this is expected to increase to 

55 per cent by 2018. IP video traffic already accounts for over 66 per cent of the total traffic. By 2018, it 

is expected that the total video traffic will reach over 80 per cent (CISCO, 2014a),  massively exceeding 

web and file sharing data as can be seen in Figure 8. As an example of the increasing relevance of 

video traffic, mobile video traffic exceeded 50 per  cent of total mobile traffic in 2012, and further 

growth  is expected. In 2018, more than two -thirds of mobile traffic is excepted to be video traffic 

(CISCO, 2014b). 

 

Figure 8: Traffic volume per month depending on the source (2013 -2018) 

 

Source: Compiled by the Authors based on (CISCO, 2014b) 

 

 

  



Learning and teaching technologies options  

25 

In this environment new digital entrants, 

mainly from the US, are driving the change 

by shaping a sector with new rules, while 

the legacy stakeholders are trying to 

redefine their role ; moreover, traditional 

regulation s are proving  to be ineffective. In 

fact, traditional stakeholders are reluctant 

to fully embrace digitalisation of contents, 

as arising business models benefit more 

new entrants in the value chain, thus 

restraining a legal valuable offering while 

promoting on -line piracy. The main 

patterns of the new industry include : high 

commoditi zation of contents, lack of 

competition in innovative market 

proposals, convergence of contents regardless of their original media, and creation of new ecosystems 

where consumers, producers, prosumers5, and advertisers live together in an environment controlled 

by the owner of the platform.  

The challenges for policy makers in Europe are: enacting local regulations to solve global problems, 

particularly when  considering the potential monopolistic market dominance of large American and 

Asian digital players  such as China or Korea, avoiding the digital content gap that would leave 

illiterate  population s behind in this connected environment, supporting legacy Eu ropean industry to 

evolve towards digital business models without hindering the growth of the sector, fostering 

innovation among European companies to play a more substantial role in this market, and drawing 

upon researches, industry and community to maxim ize the benefits using digital contents to improve 

public services, particularly education.  

These trends also apply to the sector of educational contents. Book publishing in Europe is the most 

important cultural sector , accounting for more than 23,000 million euros in revenue each year; in 

addition,  6 to 8 out of the 10 mayor publishing groups are European (ANELE, 2013, pp. 2-3). Most of 

these groups publish educational books, such as Pearson (the UK [the biggest in the world ]), Hachette 

(France) and Planeta (Spain). There are several market segments: K-12 textbooks purchased by 

families or educational bodies, other complementary materials purchased by families, higher 

education books, vocational training books and scientific journals. K -12 textbooks account for 35-40 

per cent of the market (ANELE, 2013, pp. 2-3). However, the Internet is changing the traditional 

industry of educational contents. No more than two decades ago, textbooks were almost the only way  

to provid e contents in the educational environment. Today, the textbook industry is challenged by the 

Internet through several factors: new ways of commercialisation by purchasing used or rental books, 

an increased demand for  digital books that reduce the revenues of legacy publishers, and the most 

relevant in the medium -term, the emergence of new competitors, both for-profit businesses with 

disruptive innovative business models, and even more transforming, the  Open Educational Resource 

(OER) movement (Band, 2013). The established stakeholders are trying to adapt to this new 

environment with mixed results. It is pretty clear than the new market will be smaller for legacy 

provider s; as a result, they are hindering the transformation process.  

                                                           

5Prosumer is a term first put forth  by Alvin Toffler in 1980 ; it is formed by the contraction of the words òproduceró 

and òconsumeró. It refers to the growing importance of consumers as creators or producers of content and 
information in the digital era.  

The Spanish association of publishers (ANELE) has 
launched a platform to provide a unique access point 
to the educational digital contents of the different 
publishers. The main goal is to provide an easy way 
for the educational community to access the digital 
catalogue of high quality contents and materials. 
Teachers and school leaders can easily choose the 
material that best fits the needs of their schools. The 
platform is intended to guarantee neutrality, 
flexibility and standardization so the materials can be 
easily adapted to different technical platforms and 
devices while preserving the property rights (ANELE, 
2013). 
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These trends create amazing opportunities to increase the availability and quality of educational 

contents while reducing the cost. However , new challenges arise for policy makers, such as 

guaranteeing the quality of the materials, preserving equality, defining standards that allow the 

interoperability of contents though different devices and platforms, and finding a healthy balance 

between commercial for-profit producers an d open resources developed by the community. The for -

profit industry of educational contents employs 

thousands of workers in Europe, and it is 

important to find a way in which this industry 

can shift its business models to create new 

sources of value without hindering the 

opportunities fostered by the digital 

environment.  

2.3.1.1 OER: open learning environments

  

There is a movement towards making 

educational contents and resources, most of 

them developed by teachers, freely available in what is called the OER movement. The term was born 

in 2002 at a conference hosted by UNESCO. Since this time, the OECD has further redefined the 

concept as òdigitized materials offered freely and openly for educators, students and self-learners to 

use and re-use for teaching, learning and researchó (Hylén, 2007, p. 1). There is some controversy 

about the meaning of the concepts behind OER. òOpenó is related to free of charge, although some 

restrictions in its use can apply. òEducationaló should be understood in a broad sense, not only 

involving formal learning materials, but also other material that can eventually be used for formal or 

informal training purposes. Eventually, òresourcesó can involve any kind of material, although OE R 

usually refer s to digitalized materials (Online Digital Learning Working Group, 2014 ). In fact, it is the 

connected society, which fosters the use of these available contents and a user-led approach. OER 

includes learning content ñ such as open books, videos, presentations, and full courses, and other 

tools and implementation resources ñ such as lesson plans and tests. Today thousands of contents, 

lectures, courses, class activities, and assessment tools are available in the network for free. Sharing  

these contents using Creative Common Licenses makes these resources widely available in an ordered 

manner (Online Digital Learning Working Group, 2014 ). However, successfully using OERs may be a 

challenging task. A l ack of transparency about the rights and obligations for using OERs can deter 

producers from  developing contents and consumers from  using them. It is difficult to guarantee the 

quality and completeness of contents developed by the community. It may be challenging for teachers 

and students to find the right contents. In fact, teachers tend to use resources recommended by other 

colleagues. Deploying trustful platforms of OERs that catalogue the contents, establish clear property 

rights, and assure their quality through a 

peer-reviewed process can help to 

overcome these problems.  

The OER movement is growing very fast 

thanks to large institutional and 

community support ; further, the 

increasing number of OERs available on 

the Internet is fostering new ways of 

teaching and learning. OERs are usually 

funded by founda tions and government 

agencies. Most of the OERs are in English 

and are related to higher education 

contents. 

Private foundations such as the Bill & Melinda 
Gates Foundation and the William & Flora 
Hewlett Foundation are supporting the 
development of OERs. The American Recovery 
and Reinvestment Act in 2009 included 2.000 
million US dollar grants to develop educational 
and training materials released under a Creative 
Commons license by Community Colleges (Band, 
2013).  

In 2014 the Opening Up Slovenia initiative was 
launched; it was the first national-level action 
implementing the principles of the European 
/ƻƳƳƛǎǎƛƻƴΩǎ hǇŜƴƛƴƎ ¦Ǉ 9ŘǳŎŀǘƛƻƴ ƛƴƛǘƛŀǘƛǾŜΦ {ƭƻǾŜƴƛŀ 
has become a testing and experimental field for 
educational technologies at all educational levels; the 
aim is to develop a framework for innovation and 
research in the educational field. Activities and 
experiments cover all areas of open education including: 
1) advanced technologies and open learning 
environments, 2) open educational resources, and 3) 
means of open connectivity and innovation. 
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In Europe, the òOpening Up Educationó initiative fostered by the European Commission is proposing 

actions to promote more open learning environments  and increase the quality and efficacy of 

educational contents and materials for increasing competitiveness and employment. The European 

Commission intends to support the OER movement in Europe through several actions: promoting and 

sharing best practices, providing financial support, promoting public -private partnerships and 

making recommendations, thus avoiding fragmentation and creating economies of scale (EC, 2013c).  

2.3.2. Apps in education  

Ap ps or applications are software programmes designed for mobile devices. These software 

programmes perform different functions , such as communication, data storage, information 

processing, etc. The number of apps has grown exponentially over the last 5 years to largely surpass 1 

million apps available both in the Apple store and in the Google play store with more than 135 billion 

of cumulative downloads ( Statista, 2014). The app ecosystem is one of the largest technological 

successes, growing faster than any other previous service. South Korea, China and Japan are clearly 

the fastest growing mobile market s with rates higher than 200 per cent; in 2013, South Korea 

experienced a 759 per cent growth, while more established European markets grew at much lower 

rates (Distimo, 2013b). 

Apps are expected to be a relevant and growing media to deliver educational contents and services 

(Shuler, 2012, p.3). Apps have proven to be very successfully in providing highly  appreciated services 

in a wide range of fields , and their  use on formal education is likely to represent a vast and largely 

untapped resource that will explode when mobile devices become a reality in daily school life. 

Educational apps are the second largest category in the Apple store, accounting for 10.36 per cent of 

the total number of apps; they are the sixth largest category in Google Play store, accounting for 6.1 

per cent of total apps (Statista, 2014). Download of educational apps for iPads in September 2013 

ranked third , accounting for 6.1 per cent of total downloads (Distimo, 2013a). However, only 14 per 

cent of current educational apps are intended to be used at schools (Shuler, 2013, p. 19).  

However, education apps are facing some limitations and risks, such as a lack of standardization and 

quality assurance, the òapps divideó that has left those most in need behind, and an inability to 

protect children from opportunistic behaviours from developers  (Shuler, 2012, p. 4). 

2.3.3. Ubiquitous social media  

Social media creates ubiquitous environments that allow p eople to interact, communicate, create 

online communities and share content. Europe has around 300 million active social media users, 66 

per cent of which access social media through mobile devices (Kemp, 2014). The use of these tools is 

particularly relevant among young people. Observing children between the ages of 9 and 16 in four 

European countries (Denmark, Italy, Romania and the UK) , the percentage of children having a 

profile on social networking sites (SNS) ranges from 32 per cent to 92 per cent depending on their  age 

(Mascheroni & Ólafsson, 2013, p. 22) (see Figure 9). 

 



STOA - Science and Technology Options Assessme nt  

28 

Figure 9: Percentage of children on SNS  

 

Source: Compiled by the authors based on (Mascheroni & Ólafsson, 2013, p. 22) 

 

Social media, when used in the educational context, permit s teachers and student to communicate and 

access content anytime, anywhere, particularly when accessed in mobility . Their use, in addition t o 

providing ubiquity to the educational process, and thus providing flexibility,  can enhance 

collaboration, participation and creativity thanks to co-creation of content and knowledge (user-

generated content) (E. Schoolnet & Liege, 2013).  

Social media includes a wide range of channels and contents, however, the most commonly used in 

education so far are videos and blogs (Johnson, Adams, Estrada, & Freeman, 2014a). 

Despite the learning potential of social media and the high penetration of these tools among students, 

it s application in schools is still very low (E. Schoolnet & Liege, 2013). Even in higher education, 

although students are sophisticated consumers of social media in their personal and professional lives, 

faculties lag behind in the use of social media in the classroom due to concerns about privacy issues 

and the integrity of studentsõ submissions (Seaman & Tinti-Kane, 2013). 

2.3.4. Online collaboration platforms and services   

Web 2.0 technologies have fostered a host of educational tools that allow collaborative work among 

students and teachers. These tools are usually based on websites where participants can hold on-line 

communication and discussions, and jointly create contents and materials. These services are 

provided through  different business models, namely òopen platformsó developed by the community, 

òcommercial free platformsó where revenues usually come from advertisement, òfreemiumó where a 

basic set of services is provided for free, and òpayment servicesó which are usually based on a one-

time or a monthly fee. These platforms are usually specialized on specific services, such as 

collaborative searching, collaborative mind mapping, collaborative writing, working as part of a 

group in collaborative work -spaces, working in shared whiteboards, watching videos and 

subsequently discussing them, sharing presentations as well as sharing and organizing source code.  

Among these services, social media deserves specific consideration. Although social media platforms 

are not intended for  developing collaborative work, the high penetration among specific segments of 

the population are turning these services into a true collaborative framework where users share ideas 

and develop new concepts. 
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In fact, users are building collaborative environment s through the  simultaneous use of some of these 

platforms. Users chat using Whatsapp, share pictures in Instagram, share files and documents using 

Dropbox, Google docs, Github, or OneDrive, and hold virtual calls using Skype. Learning 

management systems (LMS) and MOOC platforms are also integrating collaborative services in their 

portfolios, by using proprietary products or open services available in the network.  

2.3.5. Data Analytics  

The increasing interaction between teachers and learners with web learning tools provides useful 

information about how teachers and learners are developing within  the education process. Analysing  

this information can lead to creating personalised environments adapted to the specific needs of the 

students, maximizing their ed ucational performance. Although results of applying data mining 

techniques to current web-based educational systems seem promising, deeper specialization is still 

required for educational data mining to become a mature and useful technology (Romero & Ventura, 

2007). Nevertheless, the application of this technology in education raises security and privacy 

concerns that might result in an important barrier to its development. For further information on these 

questions, see section 6.3.  

2.3.6. Learning Management Systems (LMS)  

LMS deliver learning contents and services through a unified and holistic envir onment that includes 

functionalities such as authentication, class and course management, content delivery, collaboration 

services and assessment. Strong disparities in the use of LMS at the school level exist among different 

European countries. On average, 25 per cent of students in grade 4 and 60 per cent in secondary 

school attend schools with a LMS. However , this figure ranges from 6 per cent to 98 per cent, 

depending on the grade and country. On average, close to 75 per cent of the students that use a LMS 

at school can use it from a location other than the school (E. Schoolnet & Liege, 2013, pp. 48,49). 

These systems can be based on open source initiatives or on proprietary commercial platforms. The 

first generation of LMS used a monolithic black -box approach to deliver contents clustered around a 

course, with limited user tracking. The current generation of LMS are based on open and modular 

frameworks that allow the integration of third -party products, thus creating an evolving environment. 

However, these platforms are still more focused on the learning process and the course itself rather 

than the learner. New service oriented systems are arising that will foster building personalized 

environments. The new generation of LMS will allow interacti on with other systems to understand the 

context in which the learning process occurs and harvesting open contents ñincluding tools based on 

gaming, simu lation, and advance collaborative services ñ from external sources to adapt the learning 

process to the specific needs of the learner. The core of the new generation of LMS draws upon 

standards6, such as the IMS Abstract Framework, the E-learning framework  and the Open Knowledge 

Initiative, that define how the different platforms can share information and services (Dagger, 

O'Connor, Lawless, Walsh, & Wade, 2007). 

2.3.7. Virtual assistants 

The growing complexity of ICT products and services and th e expansion of their use among non-

professional users has enhanced the development of the so-called Natural User Interfaces (NUI), 

which  allow users to interact with complex computational tools using the same skills required to 

                                                           

6 LMS standards are a set of specifications that allow producing reusable e-Learning objects and applications. 

Objects developed using standard specifications can be easily integrated in the LMS platforms to present them to 
users in a seamless way.  
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interact with another human being. As a result, users do not require  specific training or previous 

experience in the use of technology, and they can interact in an intuitive way. The evolution of these 

kinds of technologies, which include gesture and voice recognition and ergonomic a nd biometric 

tools, and its conjunction with artificial intelligence techniques, is already being applied in business 

areas, such as marketing and customer relations; the technologies are also taking off in the health 

sector. These tools are normally complemented with human-like avatars to increase their user-friendly 

character.  

The wide possibilities of these kind of technologies has a reflection on the efforts IT companies are 

putting in the development of these tools: Appleõs Siri, Microsoftôs Cortana, Nuanceõs Nina and last 

yearõs acquisition of Cognea by IBM Watson Group are clear examples of the potential of these 

emerging technologies. However, existing solutions have yet to achieve higher levels of 

personalization, natural language and body 

language recognition as well as learning and 

reasoning capabilities to improve their 

applicability in education. For this reason, 

intelligent virtual assistant technologyõs 

mainstream adoption in education is 

expected to take place within  5 years (Larry 

Johnson et al., 2014a). Virtual assistants 

have the potential to be applied in higher 

education and lifelong learning ; they could  

boost self-driven learning and ubiquitous 

learning while reducing costs by 

complementin g the role of teachers. 

 

Lƴ нлмоΣ 9Ř·Σ ǘƘŜ aL¢ ŀƴŘ IŀǊǾŀǊŘΩǎ ahh/ǎ ǇƭŀǘŦƻǊƳΣ 

introduced Discern, artificial intelligence software for 

ƎǊŀŘƛƴƎ ǎǘǳŘŜƴǘǎΩ ǿƻǊƪǎΣ ōƻǘƘ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ ǘŜxt and 

numbers. According to EdX, Discern frees professors 

ŦƻǊ ƻǘƘŜǊ ǘŀǎƪǎ ŀƴŘ ŜƴŀōƭŜǎ άǎǘǳŘŜƴǘǎ ǘƻ ǘŀƪŜ ǘŜǎǘǎ ŀƴŘ 

write essays over and over and improve the quality of 

their answers. With increasingly large class sizes, it is 

impossible for most teachers to give students 

ƳŜŀƴƛƴƎŦǳƭ ŦŜŜŘōŀŎƪ ƻƴ ǿǊƛǘƛƴƎ ŀǎǎƛƎƴƳŜƴǘǎέΦ ¢Ƙŀƴƪǎ 

to this new software, students receive immediate 

feedback (EDX, 2015). 
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3. NEW WAYS OF TEACHING AND LEARNING 

As previously mentioned, l earning and teaching technologies cannot be understood as simply using 

technologies as tools for learning and teaching. ICT have to be understood as an enabler of innovation 

in education and training in a broader sense. Innovation for learning requires a systemic approach, in 

which technological infrastructure (connectivity, devices, etc.) is only one dimension. Other 

dimensions include: content and curricula, assessment, learning practices, teaching practices, 

organization as well as leadership and values (S. Bocconi, Kampylis, & Punie, 2012). 

In the previous chapter , we examined the main technologies impacting education in a wide sense 

(including infrastructures, devices, services and tools). In the next chapter, The Role of Stakeholders, we 

will briefly analyse the impact of ICT on the various actors involved in  the education system including  

their functions and responsibilities ; we will mention the organizational implications as well as the role 

of leadership and the relevance of values, such as equity. In this chapter, we will focus on  the 

dimensions that relate to the curricula, assessment as well as learning and teaching practices.  

Technology per se will not perform the change Europe requires to upgrade workersõ skills, generate 

employment and boost competitiveness. The implementatio n of innovative infrastructures without 

innovation in the curriculum, the pedagogies and the organization will not bring about significant  

improvement ; in fact, it may even lead to a decline in educational performance.  

What do we understand by the effective implementation of technologies in education? What do we 

mean by improving educational performance? According to the European Commission , the objective 

is to provide the right skills for employability, and to fill the gap between existing skills and those 

required to maintain European industry's competitiveness (EC, 2012c). These skills should be the 

outcome of the learning process. 

The most commonly accepted skills for success in the digital era (Ala -Mutka, 2011; S. Bocconi et al., 

2012; EC, 2012c) include : 

¶ Creativity  

¶ Critical thinking  

¶ Communication  

¶ Collaboration  

¶ Problem solving abilities  

¶ Entrepreneurship  

¶ Project-based skills 

¶ Information management skills  

¶ Autonomy and strategic skills  

¶ Multiculturalism  

These skills are not limited to  digital competences, but rather include  wider attitudinal aspects of the 

cognitive development of children (Ala -Mutka, 2011). 

Digital tools are crucial for acquiring these skills. However, acquiring these skills requires the effective 

use of ICT along with the reform of the curriculum, the assessment as well as learning and teaching 

practices. 

3.1. The curriculum and assessment  

With limited exceptions, todayõs curricula at K -12 level are broadly based on the same subjects which 

have been taught for decades, or even centuries; these include : mathematics, languages, social sciences 

(arts, history, etc.) and natural science (biology, physics, chemistry, etc.). There is general agreement 

among experts regarding the need to adapt the curricula  to achieve the desired outputs of the 

educational process, that is, equipping students w ith the  skills required for the digital economy. 
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Nonetheless, there is no consensus regarding  the depth of this reform. Some authors argue that the 

curricula should be reformed to include and stimulate further creativity and innovation , and which 

incorpora tes a more experimental, project-based and real-world problem solving approach (S. Bocconi 

et al., 2012). Other authors maintain that  a total review of the content is required . For example, 

Prensky (2014) proposes to entirely overcome the traditional òsubjectsó structure of the curricula and 

identifies four crucial areas where the new curricula should focus: (1)  Effective Thinking, (2) Effective 

Action, (3) Effective Relationships and (4) Effective Accomplishment. Prensky argues that these top-

level skills should be the core of education; importantly, these skills include sub-categories, for 

example effective thinking include s critical thinking, mathematical skills , scientific thinking, creativ ity , 

and problem-solving, while  effective relationships include communicatio n and collaboration, 

empathy, ethics, citizenship and conflict resolution . 

Along with the reform of the curricula , a review of the assessment procedures is required. If the 

output of education is different, the way in which it is assessed should be modifie d to truly judge if 

the objectives are being achieved.  

3.2. Learning and teaching practices  

Bocconi et al (2012) have conceptualized a systemic approach to truly innovate teaching and learning 

practices and ensure the effective integration of technologies . They have developed the term ócreative 

classroomó (CCR), which  they define as the òinnovative learning environment that fully embeds the 

potential of ICT to innovate learning and teaching practices in formal, non-formal and informal settingsó. 

Learning practi ces refer to the way in which learners engage in the learning process and teaching 

practices refer to the way in which teachers support learners during this process. In a CCR, teachers 

must adopt the role of facilitators or coaches and the experience of learning for students should be 

flexible, personalised and fun (S. Bocconi et al., 2012).  

In the following sections , we briefly review  the most relevant trends regarding learning and teaching 

practices. 

3.2.1. mLearning  

Mobile Learning or mLearning is the educational process that takes place through mobile devices. 

Most definitions of this learning practice restrict the definition of mLearning to the educational tools 

and contents accessed on handheld devices; as a result, they exclude the concept of those learning 

activities developed on laptop or netbooks (Ambient Insight, 2014). According to UNESCO , mobile 

devices as those òthat are digital, easily portable, usually owned and controlled by an individual 

rather than an institution, can access the Internet, have multimedia capabilities, and can facilitate a 

large number of tasks, particularly those related to communicationó (UNESCO, 2013). 

mLearning allow s learners to learn anytime anywhere, inside or outside the classroom. Ubiquity, 

accessibility and communication are key elements of mobile learning.  

As it is a concept which centres on the means for learning rather than on educational content or 

methodol ogy, it is used as the base for more innovative teaching and learning practices, such as 

personalised, flipped or seamless learning; moreover, it  has the potential to improve access to 

education in countries with low access to quality schooling. For exampl e, it has exceptional potential 

in developing countries, where mobile devices widely overpass the penetration of PCs. In fact, in 

developing counties, mobile broadband penetration is continuously growing (re aching 21 per cent in 

2014), while fixed broadban d penetration rates are very low and dropping, from 18 per cent in 2011 to 

6per cent in 2014 (ITU, 2014).  
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3.2.2. 1to1  

1to1 (also called 1:1) refers to an educational programme that provides each student with one device, 

normally a laptop or  a netbook, with which to  access the Internet and educational content during the 

school year. 

òOne Laptop Per Childó (OLPC) programmes in primary and secondary education were launched 

around the world is the 1990s, particularly in the US. In Europe, these programmes were mainly 

developed during the 2000s in two waves: during 2003-2004, when the first laptop initiatives where 

launched aiming at spreading equipment at schools as part of ICT infrastructure programmes, and in 

2007-2008, when the rise of 1to1 initiatives in Europe focused more on the promotion of the use of ICT, 

the acquisition of eSkills and the reduction of the first digital divide (S Bocconi, Kampylis, & Punie, 

2013).  

The following graphs show the extent of 1to1 computing in 31 countries in Europe (EU28, Iceland, 

Norway and Turkey) according to the Survey of Schools: ICT in Educati on 2013. 

 

Figure 10: Students per computer (Grade 4, 2011-12) 

 

Source: (E. Schoolnet & Liege, 2013) 

 

 

Figure 11: Students per computer (Grade 8, 2011-12) 

 

Source: (E. Schoolnet & Liege, 2013) 

 

Some initiatives have been implemented widely across the education system (nationwide) , such as in 

Spain and Portugal, while others have been smaller-scale pilots (regional or local) as in the UK, Italy 

or the Czech Republic (E. Schoolnet & Liege, 2013).  
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Many countries launched OLPC policies with the objective of closing the technology gap between 

social classes, reducing the digital divide and preparing children for the information society (Cuban, 

2012). In addition to promoting e -inclusion and reducing the digital divide, these  initiatives claim to 

increase student motivation and engagement (Argueta, Huff, Tingen, & Corn, 2011 ), enhance 

collaboration, improve studentsõ eSkills and incorporate ICT across the curricula, better integrate 

formal an informal learning and support personalise d learning (S Bocconi et al., 2013). 

However, these programmes are very costly - not only due to the heavy initial investment in 

equipment and infrastructure, but also because of maintenance costs and technical support 

requirements; furthermore, the return on inve stment of these initiatives has attracted criticisms in 

recent years due to the lack of evidence of achievement gains (Hu, 2007).  

Although some research shows that 1to1 programmes increase learning achievement, reduce studentsõ 

absences and improve student discipline (Rosen & Beck-Hill, 2012), other studies criticise these 

initiatives for emphasising technology over pedagogical aims, and claim that technologies generate 

distractions (Jackson, 2009). Other concerns include security and privacy issues, and the increase of 

risks such as cyber-bulling wh en students take the devices home, where supervision is often lower 

than in the classroom (Securly, 2014). 

Budget cuts and the penetration of cheaper technologies (tablets and smartphones) are shifting 

deployment models to new paradigms, such as BYOD as will be discussed in the following section. 

3.2.3. Bring your own device (BYOD)   

Recent trends have shifted deployment models of technological devices from school-owned devices to 

an ownership model where students use their own device in the educational sett ing. In this model , 

devices are not provided by schools; rather they are brought into classrooms by the students to be 

used during lessons and educational activities.  

This option has become increasingly accepted, as educational budgets shrink and access to smart 

devices by Europeans expand.7  

Figures 12 and 13 show the extent to which BYOD practices have spread across the EU by indicating 

the percentage of students in grades 4, 8 and 11 that are permitted  to use their laptop or tablet in class. 

 

Figure 12: Percentage of grade 4 and 8 students allowed to use their own laptop/tablet in class for 
learning (2011-12) 

 

Source: (Schoolnet, 2013) 

 

                                                           

7 In December 2012, the EU5 countries (Spain, Germany, Italy, France and the UK) surpassed the 50 per cent 

smartphone penetration mark (Schindler, 2013). 
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Figure 13: Percentage of grade 11 students allowed to use their own laptop/tablet in class for 
learning (2011-12) 

Source: (Schoolnet, 2013) 

 

The BYOD principle has the same benefits as OLPC with the exception of reducing the first digital 

divide. The feasibility of BYOD depends on the availability of adequately advanced devices among 

students. All learners should have access to a suitable device. Theoretically, this approach is more 

sustainable, as schools are not responsible for providing devices to all students or ensuring the 

equipment remains updated.  

However, equity issues arise with this model, since students who are unable to access a device could 

be stigmatised. To avoid equity issues in these models, policies and programmes normall y include the 

possibility of providing grants to families or enabling students to borrow the required devices from 

schools. 

Other concerns include problems managing and securing devices and data, and problems with the 

interoperability and standardisation o f systems, platforms and contents.  

3.2.4. Self -driven or self -regulated learning  

Self-driven learning refers to learners self-managing the process towards their educational goal: the 

acquisitions of skills and knowledge (Zumbrunn, Tadlock, & Roberts, 2011). Also called self-regulated 

learning, it emphasises the need for autonomy and responsibility, factors considered critical to any 

learning process, thus improving academic achievement (Zumbrunn et al., 2011). 

Being in charge of oneõs own learning is not a new concept and is not necessarily linked to ICT. 

However, ICT provide tools to increase the control of learners over their learning proces s and 

outcomes, making it easier for learners to self-direct their education. ICT can help students to plan, 

monitor and assess the way they learn, which can lead to improving  their  motivation and 

perseverance.  

Self-driven learning is closely linked to le arning and teaching practices, such as flipped learning and 

personalised learning or self-assessment, since these practices require high levels of autonomy and self 

management in order to be successful.  

Self-driven learning is particularly relevant for th e design and implementation of lifelong learning 

strategies. 

3.2.5. Personalised learning and assessment  

Learners are different and learn in different ways. Differences are not only socio -demographic (sex, 

social sphere, race, etc.) but also include educational and cultural differences. There are diverse ways 

of learning: some students are visual learners, some auditory learners, some are faster learners and 

some slower.  
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Personalised learning and assessment aims at providing students with an educational strategy that 

matches their individual needs.  

Since personalised learning consists of the provision of tailored contents and teaching tactics, enabling 

technologies and tools are essential both in the definition or design process (analysis of the studentõs 

context and needs) and in the implementation process (contents itself and tools for delivering 

contents). As for assessment, ICT offer the chance of providing personalised feedback on studentõs 

performance at any stage of the learning process and therefore guiding them in a more flexible and 

individualised way.  Infrequent - once or twice a year - standardised tests are not suitable for 

personalised learning environments since they do not allow establishing causal relations of test results 

(West, 2011). Tools such as real time computerised assessment, automated scoring, specialised apps, 

or even twitter discussions, can be used to personalise assessment to learnersõ needs. These 

assessments can complement traditional assessment methodologies. 

To personalise learning and assessment, teaching tools need to capture how learners perceive and 

process information, and understand how they learn. To do so, data that characterise users needs to be 

collected; data on applications and users interactions with the applications  is also required (Butoianu, 

Vidal, Verbert, Duval, & Broisin, 2010 ). This raises concerns regarding the privacy of studentõs 

information. Tools and techniques for personalising education include data mining and decision trees 

(L. Johnson et al., 2014).  

On the other hand, tools and services that deliver education content can also be personalised to the 

requirements of learners; social media and cloud computing tools being particularly useful.  

3.2.6. Peer-to-peer assessment  

Peer assessment is an active learning approach that highlights the benefits of peer-provided feedback 

to students. It consists of the assessment of a learnerõs work by other learners. This practice requires 

students to engage in collaborative activities with their peers, which is now becoming easy thanks to 

IT collaborative tools and services.  

By providing and r eceiving feedback to/from peers, students develop the abilities required to assess 

othersõ and their own work; they also develop critical thinking and interpersonal skills  and improve 

their self-awareness. This process requires the development of an evaluation criteria. This approach 

can also promote discussions among students and allows students to analyse peersõ views and 

perspectives; this process becomes an assessment as well as a learning technique for students. Peer to 

peer assessment can be anonymous or public. It is normally preceded by a training session or a self -

evaluation ; generally, assignments are evaluated either collectively by the class or by more than one 

peer. It can be used for individual assignments or to evaluate the contribution of one  student working 

as part of a group (Committee, 2010). This practice helps to reduce lecturersõ workload and is 

becoming a widespread practice in MOOCs. Although this assessment does not necessarily require 

the use of ICT, peer-to-peer assessments in environments such as MOOCS would not be possible 

without these technologies. In other educational contexts, ICT also facilitate its implementation thanks 

to collaborative and communication tools  and allow s anonymity ; ICT also make it possible for people 

from  other locations to partake in the assessments.  

3.2.7. Flipped learni ng 

This pedagogical model rearranges how educational time is used, moving certain learning processes 

or activities (such as lectures or information) out of the classroom; it also uses class-time to facilitate 

other processes and practices, such as group work, discussions or interactive activities (L. Johnson et 

al., 2014; Larry Johnson et al., 2014a; Johnson, Adams, Estrada, & Freeman, 2014b; Panzavolta & 

Carvalho, 2013).  
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In this model , what was once homework is brought into the classroom, where teachers can interact 

with students, engage in valuable discussions, solve questions or make exercises or demonstrations of 

real-world applications of the subjects.  

At home, students can obtain information through online lectures (online content, videos, podcasts ) 

and collaborative online work.  Flipped learning enhances the role of the teacher as a guide. 

Emerging technologies allow teachers to take lectures out of the classroom and encourage students to 

take control of their learning process. Teachers can use the valuable class-time to provide more 

personalised teaching and coaching, and students can access educational content and information as 

many times as needed to process lessons.  

3.2.8. Game-based learning and gamification   

Gamification refers to òthe use of game mechanics and experience design to digitally engage and 

motivate people to achieve their goalsó (Gartner, 2014b). Game-based learning is the learning process 

that takes place though the use of digital or video games. This concept includes the use of the so-called 

òserious gamesó - games used for non-entertainment purposes.  

The impact of games on human behaviour has long been studied (McFarlane, Sparrowhawk, & Heald, 

2002; Passey et al., 2004; Sandford, Ulicsak, Facer, & Rudd, 2006). Although the direct impact of games 

on educational performance is still controversial, there is general consensus on the motivating power 

of games and their benefits on attitudes towards learning. Games have the potential to engage 

students in repetitive  tasks, helping them to acquire new skills (L. Johnson et al., 2014), including  

social and cognitive  skills. Existing research (Gee, 

2003) argues that certain features of gamers are 

particularly valuable in todayõs digita l era, such as 

problem solving and communication skills, 

persistence, risk taking, and detail orientation, and for 

that reason games can foster learning. One of the 

most important attributes of games in education is the 

fact that players feel free to fail during the game, 

because the cost of failing is low (or inexistent) 

compared to a real-life context, encouraging players 

to risk and experiment (Klopfer, Osterweil, & Salen, 

2009). 

Game based-learning seems to be particularly 

effective in elementary and primary education, 

because of its impact on the cognitive development of 

children  (Miller & Robertson, 2011).  

Gamification of education involves using games (the so-called serious games) as a teaching tool; it can 

also involve  applying game techniques in teaching and learning practices, that is, creating ògamelikeó 

environments.  

These environments, to be considered ògamelikeó, need to inclu de the same features as games, that is: 

they need to be òa rule-based formal system with a variable and quantifiable outcome, where different 

outcomes are assigned different values, the player exerts effort in order to influence the outcome, the 

player feels attached to the outcome, and the consequences of the activity are optional and negotiableó 

(Juul, 2003, p. 5). In this sense, the existence of a reward system and a challenging situation are 

essential features of these environments.  

Learning by playing can be integrated into the classroom in different ways. The follo wing has been 

suggested by Klopfer et al. (2009): 

Khan Academy is an example of the 

gamification of education. It does not consist 

of a game but applies gaming mechanics into 

its teaching practice, for example, through 

using rewards and badges 

(www.khanacademy.org). 

On the other hand, SmartKid is an example of 

game-based learning. This Finnish game aims 

at teaching maths to children 4 ς 8 years old 

through games. The app is available for 

mobile devices and includes personalization 

features thanks to learning analytics 

(www.skillpixels.com). 

http://www.khanacademy.org/



































































































































































