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Learning and teaching technologies options

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 governments should allocate funding in
order to add more value to the educational system through technology.

Educational technology encompassesa wide array of technologie s and methodologies
thatares haped by stakehol dersd behaviours a
adequately mixed, can contribute to students and teachers better achieving their goals.

Such a wide and complex task cannot be addressed by a simpé 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.



STOA- Science and Technology Options Assessment




Learning and teaching technologies options

Table of contents

LIST OF ABBREVIATION S .ottt ettt ettt bt e ettt ba e e e e e e e e e e e teaeseeaaaeeeeeesnbbannnnns 1
(I IO T Y = ]I PP 2
LIST OF FIGURES ...ttt st e e e e et e e e e e e e e s e e e e e e e eeeeeneneeaeeeeee 3
EXECUTIVE SUMMARY ittt oottt oottt st e e oo e e et e e e et ee s bmemeeeeesesbsbana e e e e e eeaeann 5
1. INTRODUGCTION ittt e e e eeae e e s oo e e e e e et ettt b beba st e e baba e e e e e e e e e eaeeeesananas 11
2. NEW AND EMERGING LEA RNING TECHNOLOGIES ... 13
2.1. FOUNDATIONS : HOW ICT IMPACT OUR COGNITIVE DEVELOPMENT ...cuvteitriiiieaieeanreesmenneesineenenes 13
2.2, TECHNOLOGIES ... tteitttettteitte e sttt e steeteeabeesabe e ahb e e sa bt e sa b eamt e be e et e e e bt e en b e e ea b e eame s e e e beeebee e nbeeenbeesne e 14
2.2.1.  Enabling teChNOIOGIES........iiiiiiiiiiie et 14
A O [0 11 o TP P OO PPPPPPTPN 16
2.2.3. DBVICES ..ttt e e e s 17
22,4, TeCHNICAI SUPPOLL......ctiiiiiiiiiiie et ee ettt et e s st e e e s e me e et b e e e e e e anerneas 23

2.3. EDUCATIONAL CONTENTS , TOOLS AND SERVICES.....cccttiiiiiiiiiiiiiiiiiiimmtie i iienne e 23
2 T Y =T 0041 (=T o | SO PP TP PP PP TP STTRT 24

A T Y o] o E= 1 T =T U= 1 o] o SN 27
2.3.3. UDbIqUitous SOCIal MEIAL..........ccoiiieieiii e e e ernnr e e e 27
2.3.4.  Online collaboration platforms and SEIVICES..........cccoiiiiiiiieenee e 28
2.3.5.  DAtA ANAIYLICS. ..ceeiiiieiiiiie ettt e e anees 29
2.3.6. Learning Management SYStemS (LIMS)......cccoceeiiiiiiiiiiieeee e e e e s eeeen e e e e e e e eeeaaanees 29
2.3.7.  VirtUAI @SSISTANTS.....eeeiiiiiiiiiiiii e ier et r e e s e e e e s e e e e e e e e 29

3. NEW WAYS OF TEACHING AND LEARNING ..ot 31
3.1.  THE CURRICULUM AND AS SESSMENT......uuututuurrrrriiiiiiiieimsrsrreeseieettettessesessssmsmsesssssassesssssssnssnnssnns 31
3.2.  LEARNING AND TEACHING  PRACTICES.......uuuuutrirrirriiiiiiitissstsssssssessesetnesseesessmssssesseaaasaeeeseesnesnenas 32
0 I 41 =T o 11 o PP PPPPPR 32
T 1 (0 PRSPPI PPPPR 33
3.2.3.  Bring your own device (BYOID.........uuuuuiiiiiii i ieeei et e e e e e e e e aaaaaens 34
3.2.4.  Selfdriven or selregulated [€arning..........c..ueeiiiiiiiiiieceiiee e 35
3.2.5. Personalised learning and aSSESSMENL.........uuiiiiei ettt ee bbb 35
3.2.6.  PEFO-PEEI ASSESSIMEBIIL . ....ciiiiiitiitiii e eeee e e e e et et e e ettt b e e ee bbb e e e e e e e e e e eeeennaeaaaeaeeennes 36
T G 110 o 1Yo I [T T o 11 o o T PSSP PPPPPRPTP 36
3.2.8. Gamebased learning and gafiBiation. ..............eiiiiiiiiiiiieeriee e 37
3.2.9. Collaborative learning and collaborative creatiQn..............cceevvvieeciviiiiiiiiiiireee e 38
3.2.10. MassiVe OPeN ONIINE COUISES.......coiiiiiiiitittieeee e eibatbeb e e eeeeea e abnebbebbeeseeeeeeeeesaaanses 39
3.2.11. SeamIleSS IAIMING.....ccuiiiiiiiaiiee et e e e A2



STOA- Science and Technology Options Assessment

3.2.12. Learning analytiCS.......ccouiiiiiiiiiiiiiieeee ettt e ee s anenbeb e e eeeeeeeeesanenrnnnnnnnenneeeeeeess 2
3.2.13.  SUMMAIY Of PrACHICR. .. .eeei ittt et eeee e e s s e e e s e st beenabbe e e e e e e aneeee 43

4. THE ROLE OF THE STAK EHOLDERS ...ttt eeeeeaeees 45
4.1, POLICY "MAKERS ...ititttiitttitiies i teae e e e e s s et e e s st b e e e s s et e e e e e et e eaans b e e e e s ne e e e e e et e e e e e e e ean 45
4.2. EDUCATION LEADERS (PRINCIPALS AND CHANC ELLORS) ....utttiiieeiiitireeeessnieeesstneeeessannreeeeesannnes 45
I T =7 X o3 =1 PSP PPPOPPPRY 46
S S MU ] = N ST PPPPPPPRY 48
4.5, FAMILIES ..o iiiiiiiiiiii e e ettt eeeer ettt et e e e e e e s snnn e e e et n e et e e e e e e e e e e s s e nnnmneneeeeeeee s FO
4.6, COMMUNITY iiiiiiitieitiies ittt e e ee e s s et s s s s e e e e e ee s s e e b e s et b s s e e e et s eaans e e e e s e s e e e et e et e e e e e e e emmnrnees 49
4.7. BUSINESSES AND INDUSTRY ....uuuuuiuutrunrnnreeseeeetiaaassssrssssesseeeesettessessmsssssseeetaetaesesssssessssimnmeeresseseeses 49
5. THE FUTURE OF EDUCAT ION IN EUROPE ..ot 52
5.1. INTERNATIONAL BENCHMA RKING OF EDUCATIONAL TECHNOLOGY ....veevvieiiresnieesneeesinnneeesseeenenns 52
5.1.1. Benchmarking of SOCHECONOMIC INAICALOLS.........ccvvvirriiiii e ccceiicee e e e e e 52
5.1.2. Benchmarking of education perfOrmManCe...........cooiuuiiiiieaniee it 54
5.1.3. Relationship between education pemiance and socieconomic indicators.......................... 57

5.1.4. Analysis of the relationship between technological education and education perfarmand

5.2, ANALYSIS OF LIFELONG LEARNING IN EU COUNTRIES.......ccciiiiiiiiiiiiiiiieree s eeeeaiees 69
5.3, LIMITATIONS L.iiiiiiiitittttte ettt e ettt ettt e et e eme s e e e e et et e e et e e e e e e e s s ammt et e et teeeeeeeenesne s s innneeeees 73
6. OTHER CONSIDERATIONS oottt e e e e e ettt e e ee e e e e e e e e e eebeba s e s s eeen e e e e eeeas 74
6.1.  RETURN ON INVESTMENT ..tttttiiiiiiiiiiiieeeiiiiisimmtetieese s e s s s s s s s s s enns s s s s s s s s s bbb bbb ae e e s ssasnbnraees 74
6.2. DIGITAL DIVIDE (THE SECOND ONE) .eiuttttettesiauuttreeeesaameesaassstseeeesaaassseeeessmmmessasssseeessssnnsnnessssnnns 75
6.3.  REGULATIONS AN D ETHICAL ISSUES .....ciitiiiiiiiaiiiitetreseeee s s s st e e eeaessnnnnensesneeeeeeeeeeeeeenans 76
6.3.1.  Cyber SECUNtY and PriVACY........ccieiiiieeii et eeee e e e e e eeee s s e s e e e e e e e e e eeaearn e anrrnnanas 76

L B o (o] o 1T AV 110 | o £ PP PRPP 77
6.3.3.  Standardisation and interoperability.............coooiiiiiiiiece 77
6.3.4. Platform openness (Market dOMINANCEY..........cceeiiiiiiiiieeee e e e eeeeie e e e e e e e e eeaaaens 78

6.4, EVALUATION  ..ottiiiiiiiiiiiitieeee e e e e s eet ettt et e e e e e e e e e et e e s s e mme e e e e e e e e e s e e s e n e s e e e s e e s s n e e r e e ne e e e e eeennnne 78
A O 1 (O @ L I SRR 79
7.1, CHALLENGES ...uttttieiiiiiiiiiiei ettt ettt e e e rmmme e e e e e e e e e s e s s e bbb e e e s s s s bbb bbb e e be e e e e aennaanes 80
7.1.1. Lack of compelling @lence of the benefits of technology on education...............c..ccceee.. 80
7.1.2.  Persistent iNEQUAITIES. ... ....eeiiiiiiiiiiii ettt 80
7.1.3. Increasing speed of the technolOgBE@IULION............ooiiiiiiie e 81
7.1.4. Low involvement of the different stakeholders.............ocuviiiiieeeee i 81
7.1.5. Inadequate regulatory frameWALK .............oooiiiiiiieeei e 81

A T ST = 10 o [0 =] o] (=TT U = OO 81

7.2, ASSESSMENT CRITERIA. ..cititttttitiiae ittt e eee s e e s e s s e bbb e e e e e s b bbb e b e e s e e et e e e seeessrn e bnnsneeeeeeeees 81



Learning and teaching technologies options

7.3.  TECHNOLOGY ~RELATED POLICIES....ccttttttetieeetiiiiasiiiimmeeaeeeesssssssassesisns s ennsssessisesnssnreseeseeennnsnnes 82
7.3.1. Extensive deployments of technology at the school.level...............ccecii 82
7.3.2.  Pilot based deplOYMEIL............uuiiiiiiiiiiieeeiii e e e e e ererre e e et e e aa e e e e e e e s e s ammraeaaaaaeaaens 83
7.3.3. Defining and reaching a minimum threshold infrastructure at schools.............ccccvvvieenns 85
7.3.4.  Sharing infrastructure and services in the claud.............ccccooiienii e 86
735 Drawing upon s.t.ude.nt.s.0..deV.i.Cl S 87
7.3.6. Drawing upon open and collaborative environments to create educational resources.....88

7.4, STAKEHOLDERSOGENGAGEMENT POLICIES ...ccuveiitiiiuteeiteesiteentetteesieeesieeateesbeesseneseessneesinessnesenseas 0
A S S =T Tod =T OO PRSP 90
TA.2. INAUSETY ettt ettt e e e st e e ettt e e e e okt bt e e e e e s ame e e s aa kb e et e e e e aanbre e e e e e e amneeean 91
TA4.3. FAMIIES ..ot e s eaen s 95

7.5,  COMPETITIVENESS POLICIES. ..ctttttittteeeetetiasisassammeteeaeeeesaasss s s eees s s s s s s s aes b sn e nnnnseenes s sannnnes 96
7.5.1.  Adapting the CUMTICUIUM.........oeiii e e e e e e e e e e e e ennr e e eearaee ) 96
7.5.2. Designing and officially recognising new assessment methods.........ccooooeeveeeeiiieieeeeeeen, 97
7.5.3.  Shaping the role of MOOC:s to effeetiy contribute to lifelong learning...........ccccccooviviienee 98
7.5.4. Increasing the recognition of informal education.............ccccoovieeeiiiiee e 100

7.6,  CROSSCUTTING POLICIES .. .uttttteieiittiteteeetaasiaarettetteeteeeeaassaasasssimmetaeaesaaasessa s s s reees s e s e s s sanes 101
7.6.1. Creating tools to properly evaluate PoliCIES............eiiiiiiiicceeiie e 101

8. CONCLUSIONS .ottt e e e e e e e et et e et eaee e e et et e tebebb e s e e e e e aaaaasaaseeeaeeaeeeeesntesnnnmmnres 103
9. REFERENCQGES. ... ¢ttt ettt e e e e e e e et e et et et e e smn e a e s e e e e e eeeeeennnrnnneeeeees 104
1O, ANNEXES ..ottt e et e e r e et e et e e a e e e e e aaaa e e e eeeas 114

10.1.  LIST OF COUNTRIES USB IN THE INTERNATION AL BENCHMARKING ...ccoitvriveeiieeseeesneneaneseeenns 114

10.2. LIST OF FIGURES AND DESCRIPTIVE STATISTICS. .. euiuiitiiaiiuiiaiinienimmeeenseneenseneensensrnsensrnmesnsensenss 118






Learning and teaching technologies options

LIST OF ABBREVIATIONS

BRICS Five major emerging national economies: Brazil, Russia, India, China, and South Africa
BYOD Bring Your Own Device

CCKo08 Connectivism and Connected Knowledge Course
CCR Creative Classroom

Ccv Curriculum vitae

EC European Commission

FMRI Functional magnetic resonanceimaging

GDP Grossdomestic product

HSDPA High speed downlink packetaccess

ICT Informati on and communication technologies
ILS Integrated learning systems

IP Internet protocol

IWB Interactive w hiteboards

LLL Lifelong learning

LMS Learning management systems

LTE Long-term evolution

MB Megabyte

Mbps Megabits per second

MIT Massachusetts Institute of Technology

MOOC Massive Open Online Course

MSL Mobile seamlesslearning

NGO Non for profit organization

NUI Natural user interface

OCW Open course ware

OECD Organisation for Economic Co-operation and Development
OER Open Educational Resources

OLPC One Laptop per Child

OSs Operating systems

PET Positron electron tomography

PISA Programme for International Student Assessment
PPP Public private partnerships

R&D Research &development

Rol Return on investment

SME Small and medium enterprise

SNS Social networking sites

STEM Science technology, engineering and mathematics
UE European Union

UK United Kingdom

UMTS Universal mobile telecommunications system

UNESCO United Nations Organization for Education, Science and Culture
US/USA  United States of America
Vol Value of investment



STOA- Science and Technology Options Assessme  nt

LIST OF TABLES

Table 1: Summary of learning and teaching PractiCes............oooi i 43

Table 2: Assessment matrix for the "Extensive deployments of technology at the school level"

Table 4: Assessment matrix for the "Defining and reaching a minimum threshold infrastructure
= LYo T Yo S o Yo o3 U SS SRS 85

Table 5: Assessment matrix for the "Sharing infrastructure and services"policy ............ccceeccvvvvvvvvienn. 87
Table 6: Assessment matrix for the..'.Dr.awi.n.g...usp

Table 7: Assessment matrix for the "Drawing upon open and collaborative environments to

create educational rESOUICES" PONICY......uuuuiiiiiieiiiiiiiiie e cccetre e e e e e e e e e e s s et e e e e e e e e e e e s e s s e s s smnneeaeaaeaeeas 89
Table 8: Assessment matrix the "Teachers engagement” POIICIES.........ccceevviiieiiiiiiiieeee e a1l
Table 9: Assessment matrix for the "Industry engagement” POIICIES...........ccovvviiiiviiiiiiiemmree e 94
Table 10: Assessment matrix for the "Families engagement"” poliCIeS........cuvevveeriiiiiiiiiceneeeiieeee 96
Table 11: Assessment matrix for the "Adapting the curriculum™ PoliCy .......ccccoviiiiiiiiiiiniiieniee e 97

Table 12: Assessment matrix for the "Design and officially recognise new assessment methog"

010 ] o3 PP PPPPR T PPPPPR 98
Table 13: Assessment matrix for the "Shaping the role of MOOCs to effectively contribute to

[ifelong [€arning™ PONCY ....coii et e et e et e e e ettt e e e e et e e 99
Table 14: Assessment matrix for the "Increasing the recognition of informal education” policy ......... 100

Table 15: Assessment matrix for "Crosscutting policies: Creating tools to properly
EVAIUALE POIICIES" ... ettt ettt e e e ettt e e s smee e e e bbbt e e e e et e e e e samne e e e aneee 102

Table 16: List of countries used in the international benchmarking based on PISA 2012.................... 114

Table 17: List of cowntries used in the international benchmarking based on the Survey

OF AUIE SKIlIS (PIAAC) .. ettt e e e e s s e e ettt e e e e e e s st be e e e e e e s tneesssbbeeeeeesantbeeeeeeennsnes 116
Table 18: List of EU countries used in the lifelong learning analysis based on the Survey

OF AQUI £ SKIlIS (PIAAC) ...eteiiie ettt ettt ettt e e e et e e es et e e e e e st b b e e e e e e e e st e e astbeeeeeeesnsbaeeaeeeanneenns 117
Table 19: FIgures and StaliSHCS........uuuuuriiii i ceeei et e e e e e e e e e et e e et aeeaeeeeeeeaesenannanns 118

on

stud



Learning and teaching technologies options

LIST OF FIGURES

Figure 1: General framMEWOTIK ..........uiii ittt rme et e st e s smme e s e bbb e e e e e nnnes 12
Figure 2: Percentage of households with broadband Internet access.............cccccoociiiiiiniic i, 15
Figure 3: Worldwide smart devices market SNAre ...........coooiuiiiiiiiiiieee e 18
Figure 4: Device strategic positioning iN 2013.........oiiiiiiiiiiiiiii e 19
Figure 5: Device strategic positioning iN 2018..........ccuuiiiiiiiiiiiii e 20
Figure 6: Devices used to access the Internet daily at different locations..............cccccoccviiiiiieins 20
Figure 7: Devices used to access the Internet daily by l0CatiON...........ooccviiiiiiiiieee e 21
Figure 8: Traffic volume per month depending on the source (2013-2018)..........cccceeviiiiiiieeeiicceeeeninnee. 24
Figure 9: Percentage of children on SINS...........cco i esesr e e e e e eeeeeeeeenereeees 28
Figure 10: Students per computer (Grade 4, 201212)........uuciiiiiiiieeieieeeeeeee e errera e e e 33
Figure 11: Students per computer (Grade 8, 201212)........uucieiiiiiieeieieiieieeee e errere e e e 33
Figure 12: Percentage of grade 4 and 8 students allowed to use their own laptop/tablet in class

L0 L= T LT I 201 5 ) 34
Figure 13: Percentage of grade 11 students allowed to use theilown laptop/tablet in class

L0 T L= T LT T 201 5 ) T 35
Figure 14: Technologies for projectbased collaborative learning ..........ccccceevvieeeiiiiieeen e, 39
Figure 15: Number of MOOCs in Europe per country of OFigin .......ccoooiiiiiiiiiiiiimmeeeene e e e e ee e d 40
Figure 16: Teachers' confidence in their operational and social media sKillS...............ccccoiriiiiiieeen e a7
Figure 17: Distribution of teachers by age group in EU27 in 2010..........ccovvviiiiiiiiniiicceeiiesie e eeeeeeeninnns a7
Figure 18: Internet penetration by household income in EU28 ............ccoooiiiiiiiiiiiieenc e 48
Figure 19: EU27 macreindicators value and trend compared to other countries ............ccccevvvvieeeenee 53
Figure 20: EU2 7-ecormminitdicdatoesvalue amd teendq............cccceeeeiiiiiiineciieee e 54
Figure 21: PISA math scores 2012 and trend in EU27 compared to other countries.............occveeeeenid 55

Figure 22: PISA math scores below level 2 in 2012 and trend in EU27 compared to othecountries ....55
Figure 23: PISA scores 2012 and trend in EU27 COUNIIIES..........coiiiiiiiiiie s icemiee e 56
Figure 24: PISA math scores below level 2 in 2012 and &nd in EU27 countries ..........ccccceeeevviiiieeenee. 56

Figure 25: Relationship between PISA math score in 2012 and macrendicators in EU27
COMPAred t0 OTNEI COUNTIIES .....uiieiiie ettt ettt ettt e e e e bbbttt e e s s me e s bbb et e e e s annnneeeeas 57

Figure 26: Relationship between percentage of students below level 2 in PISA math scores and
unemployment in EU27 compared to Other COUNTIES .......cooiiiiiiiiiiiiiiiieeeee e 58

Figure 27: Relationship between PISAmath score in 2012 and macreindicators in EU27 countries ....59

Figure 28: Relationship between percentage of students below level 2 in PISA math scores and
unemployment in EU27 COUNIES .....oooiiiiiiiiiii ittt e e ettt e e et e eaansnsbbe b e s eeeeee 59

Figure 29: Relationship between education and skills by age in EU14 compared to other countries.... 60

Figure 30: Relationship between education and skills by age in EU14 countries........cccccceeeeeieiiinniieen. 60



STOA- Science and Technology Options Assessme  nt

Figure 31: Relationship between percentages of adults scoring at level 1 or below in problem
solving in technology rich environments by age in 201 2 in EU14 compared to other countries............ 61

Figure 32: Relationship between percentages of adults scoring at level 1 or below in problem
solving in technology rich environments by age in 2012 in EUL14 COUNTIES .....ccovvveeeeeeiiiiiiiiiceeeeeeee 62

Figure 33: Relationship between macro-indicators and technology penetration at schools in EU27
COMPAred t0 OTNEI COUNTIIES .....eiiiiie ettt ettt e et e et e e s sttt e e s s me e s st b e e e e e s s nnnneeeeas 63

Figure 34: Relationship between macro-indicators and technology penetration at schools in EU27
LoTo 1101141 PP PPPPPPRPON 64

Figure 35: Relationship between technology penetration at schools and RSA math scores in EU27
COMPAred t0 OTNEI COUNTIIES .....utieiiie ettt ettt et e et e e s e s bbb et e e s s m e e e bbb e e e e e s annneeeee s 65

Figure 36: Relationship between expected computer use in education and PISA math scores in EU27
COMPAred t0 OTNEI COUNTIIES .. .ueiiiiie ettt ettt e et e e s e bbb et e e s s me e bbb e e e e e s annneeeeeas 66

Figure 37: Relationship between technology penetration at schools and PISA math scores in EU27
LoTo 100141 TP PR PPPPPPT 66

Figure 38: Relationship between expected computer use in education and PISA math scores
IN EU27 COUNTIIES .oeiiiiiieee e ettt e e e e et eeee e s s e s s e et te e e e eeannnnnssssbessnsseeeeeeeeeennnssnsnnnnnesd 67

Figure 39: Relationship between technology use and percentage of students performing below
level 2 in PISA math scores in EU27 compared to other COUNHES.........ooovvviiiiiiiiie e, 68

Figure 40: Relationship between technology use and percentage of students performing below
level 2 in PISA math Scores in EU27 COUNTIIES. .......ooi ittt ieees sttt e e e eeeteb b e e e eeeeeaeaaeeeas 68

Figure 41: Relationship between numeracy skills and unemployment rates in EU14 and compared

1O OLNEI COUNTIIES ...ttt ettt e e e e saee et ettt et e e e e e e e e e e e e e e s s e mt et eeeaeeeeesesaasaaansnbnnneeeeeaaaaas 69
Figure 42: Unemployment rate by education level in 2012.............cceeiiiiiiieiiieeee e v 70
Figure 43: Patrticipation in education activities over the last 12 months by education level .................. 70

Figure 44: Participation in open and distance education over the last 12 months by education level... 71

Figure 45: Relationship between population ages (0-14 and 65 and above) in EU27 compared

to other countries and Within EU27 COUNTIIES ..........uuuiiiiiiiiiiiiiii ettt eeeee e e e e e e e e e e e e e e e e e 71
Figure 46: Distribution of the population over the age of 50 by education level ..............cccccceiiiieenns 72
Figure 47: Participation in education activities of those over the age of 50 by education level.............. 72

Figure 48: Participation in open and distance education over the last 12 months of those over

the age of 50 by @dUCALION TEVELL........cooiiiiee e 73
Figure 49: Challenges to costbenefit analysis of using technology in education ..............cccccoviviiieenee. 74
Figure 50: Groups Of POlICY OPLIONS ....cciiiiiiiiiiiiee ittt e e e e snneeeeesree e e e nene o O



Learning and teaching technologies options

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 encompassesa 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. Baseé 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 supportas well aseducational contents, tools and services.

The majority of schools in the EU have broadband connectivity; access to the Internethas substantially
improved over the last years. However, a lack of ultra broadband connectivity at the school level fi

with speeds higher than 100 Mbpsfi 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 asthe 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 than 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 Intemnet is becoming mobile. Between 2013 and 2018mobile 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 beneficiariesn 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. Surprsingly, in this environment of personal mobile devices, the majority
of teachers and students access digital resourceshrough a shared fixed computer. It is expected that
in the medium -term, personal mobile devices, such as wearable devices, tablets and martphones 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 selfdriven 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 into 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 consensuthat 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 O0Cr eat6i vaen CGlnansosvraotoinve | earning environment wh
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, 1tol, Bring Your Own Device (BYOD),

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

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

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

The role of the stakeholders

School leadersare 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.

Teachersodé skills, attitudes, abilities and experienc
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
teachersd confidence in their t ermlusingtechgology ®oityitd | s i n 1
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

6
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students and teachers, and even assss 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 asraise 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 andcertain 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 yearg, 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 tha the EU economy is more dependent on having a highly skilled labour force due to a
larger number of technology-based industries. Although 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 maintaining 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 thatthe countries with the highest
academic achievements tend to use computes in education moderately. In fact higher levels of
computer use seem to be related toa 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 oninvestment

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 fenefits 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 1828 per cent of students
depending on the grade, lack access tolnformation 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 largescale implementation of technology in
school s. This knowledge gap can afityadtultinmelp thdire
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.

Regulatiors 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 technologiesin schools might result in risks
regardingt he protecti on of ,suchuad:¢he owndiship of the data,dhe cegutatary
compliance depending on the location of the data, the technical and administrative protection
measures, and the transparency of agreements
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 lack 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

0s i ncc

regar

increased. The mobile ecosystem is dominated by two operating sy st e ms : Googl eds Andr

Apple d SOS, 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 createsa natural policy lab that could substantially improve the effect s of
the policies in the medium -term. Evaluation should not be focused on technology itself but on how
technology is integrated into 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 ofthe technological evolution;
(4) alack of strong involvement of relevant stakeholders: teachers, civil society and the industry; (5) an
inadequate regulatory framework; and (6) budget pressure.

There are sevearl 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 criter used in the analysisinclude:
(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 bestreflect the interests of EU society.

The policies are classified into four groups: technology policies, stakeh ol der 6 s engagement
competitiveness policies and cross-cutting policies.

Technology policies

1 Extensive deployments of technology at the school level

1 Pilot based deployment

1 Defining and reaching a minimum threshold of infrastructure at school

9 Sharing infrastructure and services in the cloud

T Drawing upon studentsod devices

1 Drawing upon open and collaborative environments to create educational resources
Stakehol dersd engagement policies
Teachers

T Reformingeducatorsd training and assessment systems
1 Implementing specific Continuing Professional Development (CPD) plans
1 Promotingcol | aborative transnational educatorsd commu

Industry

1 Promoting public-private partnerships

1 Involving the industry in the policy -making process to better align its needs with that of the
education sector

1 Strengthening cooperation in innovation and research

1 Boosting innovation in the industry of contents and services

Families

1 Carrying out awarenessraising campaigns
1 Implementing economic incentives
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9 Direct provisioning o f technology and training services
Competitiveness policies

1 Adapting the curriculum

1 Designing and officially recogniz ing new assessmentmethods

1 Shaping the role of MOOC:s to effectively contribut e to lifelong learning
1 Increasing the recognition of informal education

Crosscutting policies

1 Creating tools to properly evaluate policies

10
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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
encompassesa 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 topc 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 tehnology 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 industryfi providers and consumers of
education at the same timefi in 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:

1 Chapter 22 New and Emerging Learning 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, devicesand 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
platforms, data analytics and virtual assistants.

1 Chapter 3: New Ways of Teaching and Learning, analyses innovative educational models
arising in this environment. BYOD and 1tol models foster the creation of ubiquitous
pervasive technology environments. Data analytics promotes flexible and personalized

11
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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 danytime anywhere & communication using ubiquitous
social media. Further, virtual 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.

1 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 technalgies and tools depending on their
interests, skills, and attitudes.

1 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.

1 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 .

1 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 !

Budget

Europe Policy Regulation
challenges options Equity

NEW MODELS OF TEACHING AND LEARNING

STAKEHOLDERS

TOOLS AND SERVICES

Source: Compiled by the authors

lEquity is defined as o0the quality of bei ng sbfrapdiaytai al or
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 circumstancespolicies that intend 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 neual pathways and synapses of the brain, called neuroplasticity, occur due to

experiences and changes in our environment or context ( st i mul i and the brainds
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 to
the reduction of risks and the development of better services and products and, in particular, more
effective learning and teaching practices.

Neuroscience methods, such asfunctional magnetic resonanceimaging (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, 201). 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 benefitsidentified by researchers regarding the use of ICT are as follows (Taylor, 20132,
(Shirky, 2010):

1 Improves visual skills and spatial capabilities

1 Boosts multitasking abilities

1 Increases problemsolving abilities

1 Encourages ollaborative interaction May improve reaction times (for example thanks to the
use of video games)

T I mproves pupilsd motivation

Some ofthe concernsraised by researchers and academiaare as folows (Spitzer, 2012:

Reduction of concentration capadties 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

=a =4 —a -8
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1 Risks of technology overuse: addiction
0 Sleep disorders
Anxiety/depression
Increase of sedentary habits (health related problems)
May increase aggressivebehaviours

o O O

In the cited neuroplasticity studies, researchersargue 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 excessiveuse of digital technologies and the Internet is known as
oDigital Dementia 6. 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 information anytime, anywhere, through a mobile device is affecting
our memorizing capacities 0 we no longer need to memorize much information 6 and these capacities
are essential for the development of critical thinking and knowledge . We now rely on external

oOmemor i edoadofaharddisk) and not on the 0l oc a(SgarromeLm,08& y

Wegner, 201]). 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, devicesand technical support. Enabling
technologies refer to the basic elements that makeit 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 online 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 broadbandinternet access, in 2013 this
figure increased to 76 per cent moreover, it is reaching saturation level among companies (Eurostat,
2014¢. Globally, the average speed of broadband access is 16/egabits 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 inFigure 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 counties (Eurostat, 2014d. There ae 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 accessfor the development of their children.

Figure 2: Percentage of households with broadband Internet access
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Source: (Eurostat, 20149

With regards to European schools,in 2012, the majority had broadband connectivity (between 2 and
30 Mbps), compared to less than threequarters of schools in 2006, although between 4 and 8 per cent
of students still lacked accessto 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, kss 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 A 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, 20143. Mobile speeds
more than doubled in 2013 compared to 2012, reaching an average of 1,387 kilbits per second
(CISCO, 2014.

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 reducing 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 percent 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, 20140. This
figure is expected to grow, and by 2018, 50 per cent of the mobile traffic will be offloaded into 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 mobile traffic will exceed traffic from wired devices,
accounting for 61 per cent of IP traffic (CISCO, 20144.

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 omsite 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 toa 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  The Higher Education Funding Council for Engle
elasticity and measured service (Mell & (HEFCE) launchedprogram in 2011 to promote the
Grance, 2011, p. 2 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,
users. Rigid and established expensive storage and data meagement applications was
infrastructures become obsolete while being committed to promote a collaborative and cest
unable of keep pace of the increasing demands effective way of using technology in a time of
of users and managers. Local IT maragers and pressure on university resourcgdEFCE, 2011
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 availablwhen and where they are needed. In
fact, enterprise spending on cloud services is expected to triple between 2011 {8.2billion US dollars)
and 2017 (projectedto be 235.1billion US dollars) (IHS, 2014. Cloud services can be provided using

Traditional IT infrastructure is not flexible
enough to cover the evolving demands of

2 Femtocells aresmall cellular telecommunications base stations that improve mobile coverage inside buildings ;
they are usually connected to the operator's infrastructure through the Internet.
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different models: Software as a Service, Platform as a Service or Infrastructure as a ServicéMell &
Grance, 2011, p. .

In the educational environment, it provides several benefits: allows for the fast provision 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; easeghe scaling of services; reduces therequired 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). Empl oyeesd an
personal use of cloud (CDW LLC, 2013, pp. 3031) and the increasing growth of high demanding
traffic in the mobile (CISCO, 2014bh and fixed networks is making educational organizations move
faster towards the cloud. In 2018, cloud traffic in the mobile networks is expected toincreaseto 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. 1k

Eventually, cloud computing will have othe power to fundamentally change how education
stakehol ders® cooperate and coll aborate, substanti at
system of (Kaitsopalbsi&dKatsanis, 2014, p. 58.

Those are the reasons why the market of claid computing in education is expected to grow from 5.05
billion USdollarsin 2014 to12.38billion USdollar 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 market, strategic requirements,
main objectives, previous infrastructure, investment and operational costs, and current skills and
knowledge within the organization (CISCO, 2013.

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., 2013

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, 20143. A plethora of nhew 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 2018is
expected toshrink to 4.9 per cent. The same phenomenon is occurring for laptops, whosemarket share
will shift from 11. 59 per cent in 2013 to aestimated 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 percent 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 software, such as database systems or application serversand 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 allocatedwithin 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
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With regards to mobile devices, there is a clear trend towards a substantial growth of smartphones
compared to non-smartphones, a 6fold increase of tablets, and a similar increase of otherMachine 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 ad connections in Western Europe will be 83 per cent in comparison
to 45 per cent in 2013 moreover, the share of smart devicesis expected to reach51 per centin Central
and Eastern Europe by 2018 in comparisonto 15 per cent in 2013.Surprisingly, in thi s environment of
personal mobile devices, the majority of teachers and studentscontinue 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 between8 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 i including

acquisition and maintenance cost, flexibility of use fi how easily the device can be installed and
moved, and IT capabilities fi software and applications that can run on the device and IT
performance. Education performance compounds two factors: how easily the device integrates into
the education environment fi attending physical, functional and performance characteristics i and
how confident teachers and students feel about the device. Based on ttese criteria, the devices are
classified as owinnersd: high education performance and high feasibility, ochallengersé: high
feasibility but low education performance, ochallenged6 :high education performance but low
feasibility and Olosersd: 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 ekctronic 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
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More interesting 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
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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 accesson a daily basis is a smatphone followed by a laptop and a tablet
(Mascheroni & Olafsson, 2013, p. 1) (seeFigure 6).

Figure 6: Devices used to access the Internet daily at differe nt locations
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Moreover, when analysing the same information by place, as shown in Figure 7, the gap between
school and other places isremarkable, 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
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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 computermper 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 0Bring your own technology 6 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 smartphongCISCO, 2014}. 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 totheir impro ved screenand 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 ereaders is quite low and they enable
textbooks to be offered in digital format, thus potentially saving money, room and lighting the load on
children & shoulders. However, e-readers have not succeeded in the educational environment, mainly
due to alack of applications and multimedia c apabilities. In fact, very few e-readers are reported in
European schools in 2013, there werel00 students per ereader in almost all countries (E. Schmolnet &
Liege, 2013, p. 4]

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 2.1GB per month (CISCO, 2014¥).

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 useis usually restrained in
the classoom 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 1tol 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 arenot 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 asthe 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, -Séymaz Karakul , knal ,
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 wornby a person; it possessesprocessing and

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

as a WiFi router or a smartphone. These devices can adopt differentforms 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 theipotential 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, 2014h. 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 classoom. It is a very low-
disruptivetechnol ogy because it fosters a smooth transition
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 pathto discover new ways of
blending technology and traditional teaching. However, the number of IWB sit 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 ahe 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 IWB;,
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 timeschools are forced to maintain the equipment despite
lacking the necessaryskills or budget. Between 75 per cent and 94 per cent of studentsdepending 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 contents, 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 usersd pr sevieaseravideddy c an
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 survival. 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 percent 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, 20143, massively exceeding
web and file sharing data as can be seen in Figure8. 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, 2014.

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

The Spanish association of publishglANELE) 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 contém 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 thnical platforms and
devices while preserving the property righSNELE,
2013.

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 ecasystems
where consumers, producers, prosumerg 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. 23). Most of
these groups publish educational books, such as Pearsonthe UK [the biggest in the world ]), Hachette
(France) and Planeta (Spain). There are several market segments: H2 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 3540
per cent of the market (ANELE, 2013, pp. 23). 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.

5Prosumeiis a term first put forth by Alvin Toffler in 1980 ; it is formed by the contraction of the words dproducer 6
and oconsumerd. It refers to the growing importance of consumers as creators or producers of content and
information in the digital era.
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These trends createamazing 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 Private foundations such as the Bill & Melinda
Gates Foundation and the William & Flora
Hewlett Foundation are supporting the
development of OERs. The American Recovery

can shift its business models to create new
sources of wvalue without hindering the

opportunities  fostered by  the digital 504 Reinvemnent Act in 2009 included 2.000

environment. million US dollar grants to develop educational
and training materials released under a Creative

2.3.1.1 OER: open learning environments Commons license by Community Colle¢fesnd,
2013.

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 odigitized materials offered f{learreesltoy and
useandreuse for teaching, | (eykémr, B00H p. 1).aThete isr serseecantraversy
about the meaning of the concepts behind OER.60pend is related to free of charge, although some
restrictions in its use can apply. 0Educational6é 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, oresources) can involve any kind of material, although OE R
usually refers to digitalized materials (Online Digital Learning Working Group, 2014 ). In fact, it is the
connected society, which fosters the use of these available contentsand a userled approach. OER
include s learning content fi such as open bools, videos, presentations, and full courses, and other
tools and implementation resources fi such as lesson plans and tests. Today thousands of contents,
lectures, courses, class activities, and assessment toslare available in the network for free. Sharing
these contents using Creative Common Licenses makea these resources widely available in an ordered
manner (Online Digital Learning Working Group, 2014 ). However, successfully using OERs may be a
challenging task. A lack of transparency about the rights and obligations for using OERs can deter
producers from developing contents and consumersfrom 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. In 2014 the Opening Up Sloveniainitiative was
launched; it was the first nationdével action

> S implementing the principles of the Europea
thanks to large institutional and /] 2YYAAaaArz2yQa hLSyAy3a ! LW

The OER movement is growing very fast

community  support ;  further,  the has become a testing and experimental fiefdr

increasing number of OERs available on educational technologies at all educational levels; t
the Internet is fostering new ways of aim is to develop a framework for innovation ar
teaching and learning. OERs are usudly research in the educational field. Activities ar
funded by founda tions and government experiments cover all areas of open education includil

1) advanced technologies and open leami
environments, 2) open educational resources, and
means of open connectivity and innovation.

agencies.Most of the OERs are in English
and are related to higher education
contents.
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I'n Eur ope, tUbEd uocCapt énit@thnrédostered 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, 20133.

2.3.2. Apps in education

Apps 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 technolagal
successes, growing faster than anyother 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 usedat schools (Shuler, 2013, p19).

However, education apps are facing some limitations and risks, such as a lack of standardization and
qualty assur ance, t he Ohaglgitsthose imest id eegd betind,tand 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 of9 and 16 in four

European countries (Denmark, Italy, Romania and the UK), the percentage of children having a
profile on sodal networking sites (SNS) ranges from 32 per cent to 92 per cent depending on thér age
(Mascheroni & Olafsson, 2013, p. 23 (seeFigure 9).
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Figure 9: Percentage of children on SNS
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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 to
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,
its 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
andthei nt egrity of st (Skamn &Tinti-lsanehb20ils si ons

2.3.4. Online collaboration platforms and services

Web 2.0 technologies have fostered a host of educatioal tools that allow collaborative work among
students and teachers. These tools are usually based on websites where participants can hold ofline
communication and discussions, and jointly create contents and materials. These services are
provided through different business models, namely dopen platforms 6 developed by the community,
ocommercial free platforms 6 where revenues usually come from advertisement, ofreemiund where a
basic set of services is provided for free, and dOpayment services6 wh i cusuallg 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 assharing and organizing source code.

Among these services, social media deserve 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 leaming 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, seesection 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 assessmentStrong 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 4 MS
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 soae 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 arsing 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 fi including tools based on
gaming, simulation, and advance collaborative servicesfi 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
standards®, such as the IMS Abstract Framework, the Elearning 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 secalled 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 elLearning 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 and 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 alsotaking off in the health
sector. These tools are normally compkemented with human-like avatars to increase their userfriendly

character.

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

putting in the development of theseaNutancled:s ANp mlae GandS
yeards acquisition of Cognea by I BM Watson Group ar
emerging technologies. However, existing solutions have yet to achieve higher levels of
personalization, natural language and body
LY HAMOoX 9R-3X (GKS aL¢ | language recognition as well as learning and
introduced Discern artificial intelligence software for | reasoning capabilities to improve their
AN} RAy3 aiGdzRSyiGaQ ¢ 2 nJml: applicability in education. For this reason,
numbers. According to EdX, Discern frees profess | i nt el | i gent virtual assi st

F2N) 2GKSNJ Gl &a1a FyR Syl «
write essays over and over and improve the quality
their answers. With increasingly large class sizes,
impossible for most teachersto give students
YSIyAy3aFfdz FSSRol 01 2V
to this new software, students receive immedial
feedback(EDX, 2016
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mainstream adoption in education is
expected to take placewithin 5 years(Larry
Johnson et al.,, 2014p 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.
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3. NEW WAYS OF TEACHING AND LEARNING

As previously mentioned, | 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 innovaton
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, lkarning practices, teaching practices,
organization as well asleadership and values (S. Bocconi, Kampylis, & Punie, 20L2).

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, TheRole of Stakeholderse
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, assessmentas well aslearning and teaching practices.

Technology per sewill not perform the change Europe requirest o upgrade worker
employment and boost competitiveness. The implementation 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, 2012¢. These skills should be the
outcome of the learning process.

The most commonly accepted skills for success in thedigital era (Ala-Mutka, 2011; S. Bocconi et al.,
2012 EC, 2012} include:

=

Creativity

Critical thinking
Communication

Collaboration

Problem solving abilities
Entrepreneurship
Project-based skills
Information management skills
Autonomy and strategic skills
Multiculturalism

=4 =4 —a —a —a —a -8 -9

=

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 aslearning and teaching
practices.

3.1. The curriculum and assessment

With |imited exardqulaatKlXlevel arebdoadly dased on the same subjectsvhich
have been taught for decades, or even centuries theseinclude : mathematics, languages, social scences
(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 consensusregarding the depth of this reform. Some authors argue that the
curricula should be reformed to include and stimulate further creativity and innovation , and which
incorporates a more experimental, project-based and realworld problem solving approach (S. Bocconi
et al.,, 2013. Other authors maintain that a total review of the content is required. For example,
Prensky (2014)pr oposes to entirely over conmeeoftheeurriculasaddi t i on a |
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 objectivesare 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 Gcreative
cl assr ooméwhicthGChRe)y, def i rinmovative learnmg endronment that fuly embedhe
potential of ICT to innovate learning and teaching practices in formal;foonal and informal settings .
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 devicesas a result, they excludethe concept of those learning

activities developed on laptop or netbooks (Ambient Insight, 2014). According to UNESCO , mobile
devices as t hos eeasiytpbrtle, uwsualyy owhédgand cartrolled by an individual

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

|l arge number of tasks, particul(WNESCD,20lose rel ated to

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

6per centin 2014 (ITU, 2014).
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3.2.2. 1tol

1tol (also called 1:1) refers toan 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.

0Onleptop Per Childé6 (OLPC) programmes in primary
around the world is the 1990s, particularly in the US. In Europe, these programmes were mainly
developed during the 2000s in two waves: during 20032004, when the first laptop initiatives where
launched aiming at spreading equipment at schools as part of ICT infrastructure programmes, and in
20072008, when the rise of 1tol initiatives in Europe focusedmore 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 1tol 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)
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Source:(E. Schoolnet & Liege, 2013

Figure 11: Students per computer (Grade 8, 2011-12)
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Some hitiatives 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, lItaly
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
coll aboration, i mprove studentsd eSkills and i
formal an informal learning and support personalise d learning (S Bocconi et al., 2018

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 gaingHu, 2007).

Although some research shows that 1tol progr a mme s i ncr ease | earning achi

absences and improve student discipline (Rosen & BeckHill, 2012), other studies criticise these
initiatives for emphasising technology over pedagogical aims, and claim that technologies generate
distractions (Jackson, 200 Other concerns include security and privacy issues, and the increase of
risks such as cyberbulling wh en students take the devices home, where supervision is often lower
than in the classroom (Securly, 2019.

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 setting. 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 ¢ smart
devices by Europeans expand?

Figures 12 and 13 show the extent to which BYOD practiceshave spread acrossthe EU by indicating
the percentage of students in grades 4 8 and 11that 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)
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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 gade 11 students allowed to use their own laptop/tablet in class for
learning (2011-12)
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The BYOD principle has the same benefits as OLPCwith 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 fa autonomy and responsibility, factors considered critical to any
learning process, thus improving academic achievement (Zumbrunn et al., 2011).

Being in charge of oneds own | earning is not a new
However, ICT provide tools to increase the control of learners over their learning process and

outcomes, making it easier for learners to selfdirect 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
managementin 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.put also include educational and cultural differences. There are diverseways

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 def

context and needs) and in the implementation process (contents itself and tools for delivering

contents). As for assessment, I CT offer the chance

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, 201). Tools such as real time computerised assessment, automated scoring, specialised apps,

C

or even twitter di scussions, can be used t o persor

assessments can complement traditional assessment methodlogies.

To personalise learning and assessmentteaching 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 st udent 6 s
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. Peerto-peer assessment

Peer assessment is an active learning approach that highlights the benefits of peeprovided feedback

tostudent s . |t consists of the assessment of a | earner o

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
others® and t theyialsodeavelop critical thinking and interpersonal skills and improve
their self-awareness This process requiresthe development of an evaluation criteria. This approach
can also promote discussions among students and allows students to analysepeer s Vvi ews
perspectives; this process becomesan assessmentas well as alearning technique for students. Peer to
peer assessment can be anonymou®r 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 lecturersd workload and is
becoming a widespread practice in MOOCs. Although this assessment does not necessarily require
the use of ICT, peerto-peer assessmens 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 classtime to facilitate

other processes and practices, such as group wek, discussions or interactive activities (L. Johnson et
al., 2014 Larry Johnson et al., 2014a Johnson, Adams, Estrada, & Freeman, 2014bPanzavolta &
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 andencourage students to
take control of their learning process. Teachers can use tle valuable classtime 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 refersto 0t h e us e mechanias amd eexperience design to digitally engage and
motivate peopl e t o(Gatnen R0d4heGamebased leargingaslthe @arning process
that takes place though the use of digital or video games. This concept includes the use of the secalled
oserious games - games used for non-entertainment purposes.

The impact of games on human behaviour has long been studied (McFarlane, Sparrowhawk, & Heald,
2002 Passey et al., 2004Sandford, Ulicsak, Facer, & Rudd, 200§. 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., 201% including
social and cognitive skills. Existing research (Gee,
2003 argues that certain features of gamers are
particularl y v adigia kerh,esuch 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,

Khan Academyis an example of the
gamification of education. It does not consi:
of a game but applies gaming mechanics ir
its teaching practice, for example, throug
using rewards and badge
(Www.khanacademy.oig

because the cost of failing is low (or inexistent) On the other handSmartKidis an example of
compared to a reaklife context, encouraging players gamebased learning. This Finnish game ail
to risk and experiment (Klopfer, Osterweil, & Salen, at teaching maths to children 48 years old
2009. through games. The app is available f

mobile devices and includes persomaltion
features thanks to learning analytic
(www.skillpixels.com).

Game basedlearning 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 socalled serious games) as a teaching toqlit can
alsoinvolve appl ying game techniqgues in teaching and | earni
environments.

These environments, t o neeadtoincuds thedsaneteatured asgames| thakie 6 ,
they needtobe 0 a rbaskdeformal 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 negotiabl&
(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 byKlopfer et al. (2009):
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