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KL.JHDIOKOC EI'IIOTr]UOVIKQQ AladikTuo Twv lMpaypdtwy kal Eknaidsuon:
2UVOECHOG EKMAISEUTIKWY 4 YMAPEXEl XWPOG VIA TEXVOAOVIKA YMooTnPILOMEVN
A&ionoinong Twv TexvoAoyiwv Yuvepyarikn Madnon;
NG MNANPOoPopPIag Kal Twv JwrnpoUAa Gegobdon, Mapia Zéviou
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H ExkdoTikr EmiTponn déxetal apdpa yia dnuoscieucn o€ eNOueVeC eKOOOEIC TOU X-RAY@Eknaideuon.
Moenel va eival pexpl 2000 AEEeIC KAl va OXETICOVTAl KATA KUPIO AOYO HE TNV agionoinon Twv
TIE. otnv eknaidguon. Na anocTéEANOVTAI OE NAEKTOOVIKN HoP@r OTIC OIEUDUVOEIC:
fofi888@hotmail.com kal xeandreas@hotmail.com. e nepinTwon mou n Ekdotikr EniTponn
KPIVEI OTI KAMolo Apdpo O CUVAdE! E TIGC APXEC TOU MEPIOBIKOU, €XEl TO SIKAIWKA VA Un TO
ONUOCIEUOCEI.
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Avaotrtvo Tov Ilgaynartov voa Exmaiogvon:
Yragyel yopogs yia Teyxyvoroyira Yrootnoiiopevn
Yvuvegyatinn) MaOnon;

ZwTnpoUAa Ocodéon
vartholomaios1@gmail.com
Nikou Euaydpa, 5523, Aaodki Axvag, Kinpog
Mapia Zéviou
m.zenioul@uclan.ac.uk
UClan Cyprus, 12-14 University Avenue, Pyla, 7080, Larnaka, Cyprus

NepiAnwn: H napoluca €peuva ouviaTd
pia PBiBAloypagikn  avaokonnon Kal KPITIKA
Oedpnon Twv ONUOCIEUYEVOVY  EUNEIPIKDV
€PELVAV Nou a@opouv oTo AladikTuo Twv
MpayudTwyv Kal TNV evowpdTwaon autol o€
nepiBaihovta pdbnong. kondg TnG €peuvag
eival va napoucidoel Tnv TexvoAoyia Tou
Aiabiktiou Twv [Mpaypdtwy, OBlepeuvavTag
TN ouvelo@Eopd TNG TeXVoAoyiag autng aTov
TOYEA TNG eKknaibeuong kal OUYKeKPIPEvVA
oTnv npowénaon Tng ouvepyatikng pddnong
MEOW TNG OUYKEKPIPEVNG TexvoAloyiag. Ta
anoteAéopata TnGg €peuvag €delfav  OTI
pé€oa and tn ouCeuln Tng Texvohoyiag Tou
Aiabiktiou TV MpayddTwv Kal oUyXpovwv
padnTokevTpik@v  nailbaywyikov — pebodwv
kaAAiepyouvTal 6e€16TNTEC 210U AIDVA, GNWG N
ouvepyaaia, nAdon NpoPAAPATOG, N ENIKOIVGVIa
kal n dnuioupyIkeTNTA. EMonyaiveTal 6pwG, To
YEYOVOG OTI N Texvoloyia auTn PpiokeTal g€
€va npwIpo atadlo, ETol NAPAYOVTEG ONWG TO
kK6oTOG, N ouvexng ouvbeon pe To diadikTuo,
n Olacedhion npoownik@v  dedopévwv
kal n anoBnkeuon evog TepdaTiou OyKou
bebopévwyv ouvioTolv MNPOKAACEIG yid TN
paonon p€ow Tou AladikTUiou TV MPayUaT®y.

Eicaywyn
Me Tt paybdaia avanTuén TG WnEIAKNg

TExvoloyiag, MpoiovTa  Kal  KAIVOTOHEG
Texvoloyieg avantuooovTal, e€ehiooovTal kai

€pappoCovTal pe NoAd ypnyopoug puBpolg
oe 61dpopoug Topeig TNG kaBnuepivaTnTag,
oupnepihapBavopévou kal TnG eknadideuong.
H 6nuioupyia pabnoiak®dv nepiBarAovTwy kal
N NApoxn iCWV EUKAIPIOV OTOUG PaABNTES yia
avantuén 6eflothTev Adong nmpofAnparog,
ouvepyaoiag Kal dnuioupyIkGTNTAG,
kaBioTaTtal anapaitntn pe Tnv e&ENEN TG
Texvoloyiag kal Tn dnuioupyia TEXVOAQYIKWY
OUOTNUATWY TEXVNTAG VONUOaUvNG IKaV@V va
OUNEYouv debopéva ge mpaydaTiké Xpovo
kal va enikolvwvouv peta&l Toug PECW Tou
Siabiktuou (Tae, 2016).

To Aiabiktuo Twv Mpaypdtwy, ouvioTd Hid
TeExvoloyia, n onoia Ta Teheutdia Xpdvia
Bpiokel NAnB®pa e@appoywv ge diIGpopoug
TOEig TNG kaBnuepivoTnTag. Me 1o AladikTuo
Tv [paypdtwy, TA avTIKEUEVA aAMoKToUvV
wia €funvn oupnepipopd, kKaB®g GUAEYouV
6ebopéva, avraldooouv nAnpo@opieg Kal
AapBdvouv ano@doelg (Fahim, Ouchao, Jaki-
mi & El Bermi, 2019). Onwg avagépouv ol
Mohmmed kai Osman (2017), epapuoyEg Tou
AladikTUou Twv MpaypdTwV G€ TOUEIG ONWwG N
KoIvavia, n olkovopia, Td OniTia Kal ol 08IKEG
HETAPOPEG peTAPOp@VouV o€ “"€funveg”
B1dpopeg noAeig Tou kGOPoU PeATidvovTag
TNV NoI6TNTa CwNG TwV NOMNTAV TOUg, dpou
TOUG KaBIoToUV KOIVWVIKG evepyouq,.

Mapd TO yeyovog OTI To AladikTuo TV
MpayudTwv Bpiokel epappoyEg ae dIapopoug



X-Ray@eknaideuon

Teuxog @

TOMEIG TNG KaONUepIvoTnTag, N eknaibeuan 6ev
nepAapBdveTal avdueoa oe autoug. O Atzori,
lera kar Morabito (2010), Tévicav Thv Unapén
NyooTav napadelypudtwv otnv  undpxouaod
BiBAloypapia, Tou NG n Texvoloyia autn
unopei va evowpatwOei otnv eknaibeuon
Kal va evioxuoel Tn 6iadikacia Thg pdbnong
avantiooovtag 6e&16TnTeg 210U aiva. AuTo
oUppwva Pe Tov Bakla (2019) ogeiketal oTo
yeyovog, Ot To AlabikTuo Twv lMpayddTwv
eival g TexvoAoyia ge €va npwigo aTadio
avanTtuéng, pe anoTéleopa ol onolegdnnoTe
€QApPUOYEG  Tng OTnV  eknaibeuon va
neplopiCovral  TIG MNEPIOCOOTEPEG  (POPES
oTn Behtiwon kTIplok@v unodou®v kal oTny
autopaTonoinan S10IKNTIKWY KABNKOVTWV.

To Aiabiktuo Twv MpayudTtwy, ouvioTd dia
TEXVOAOYIQ APKETA UMOOYXOMEVN OTOV TOMEd
TG eknaibeuong, n xpnon Tou omnoiou
ka@ioTaTal  anapaiTnTn  NPOKEIMEVOU  va
eniTeuxOei éva €funvo nepiBdlov pabnong
(Elsaadany & Soliman, 2017). Auté Eykertal
OTO Yyeyovog OTl, napéxel Tn duvardtnTa
aMnAenibpaong We ualkd N elkovika epyaAeia
Kal gUAAEyel 6ebopéva oe npaypaTikd Xpovo.
H 6nuioupyia evog eknaibeuTikol nAaigiou
u€oa oTo onoio ol YadnTég alnienidpoulv
TO00 pe TO NepiBdMov 600 Kal PE TOUG
OUVOUIANKOUG Toug oTnv npoondfeld Toug
va Ppouv AUoelg oe auBevTtikd npoPAnuara,
oupBdiel otnv olkobounaon, vonuatodoTnon
Kal enékTacn Tng yveong and PEPOUG TV
padnNTOV (AnunTEIddng, 2015).

Y70 nAdiold TnG TEXVOAOYIKA €EVIOXUOHEVNS
OUVEPYATIKAG  pdOnong,  npayuartonoleital
oxebiaon kai  a&lohdynon  TeEXVOAOYIKQDV
ouoTNUdTV TA onoia unooThpiCouv Tnv
aMnAenibpaon kal  ouvepyacia avdueod
OTOUG HaBNTEG He OTOXO TNV EVOWMATWON
Toug o€ eknalbeuTikd nAaiold, (AnunTEIadng,
2015). Mo ouykekpigéva, €va nepiPdiov
TEXVOAOYIKG unoaTnpICOUEVNG CUVEPYATIKAG
uadnong Oa npénel va xapaktnpeiCetal ané Ta
akohouba:

® YU0oTaon HIKp@v opddwy, Npog eniteuén Tng
€MIKoIVOVIaG.

® EunAokn Twv paBnTv oe dpaoTnEIoTNTES
eniluong npoBAnuaTog.

e Xpnon TexvoAoyIiwv Nou va unoaTnpiCouv Tnv
€NIKOIVOVIA avAUeECSa OTOUG OUPUETEXOVTEG
(W€oa koivwvikng OBikTUwong, wikis, blogs,
twitter, forums, chats, video-conferences,
ynolakd naixvidia, exnaibeuTikn  POUNOTIKNA,
TpIob6IdoTaTol KOGHOI, EVVOIONOYIKOI XAPTEG).
® Ynap&n evdg oevapiou NPokeIpEvou anad Tn
pia va opyavevel Tn ouvepyaaia, kaBopiCovtag
TIg 61dpopeg @doelg TNG Kal and Tnv AAAn
va avaBétel pohoug kal kaBnkovra avdueca
0TOUG OUMMETEXOVTEG, unofondwvrag TN
petalu Toug alnAenibpaon pe Tov TPOMO
auTo. (AnunTpi1adng, 2015)

To Aiabiktuo Twv TMpayudTwyv MNopei va
anotehécel €va epyaleio enékTaong TNG
okéyng Tou palnthn kard Tn Giadikacia
olkoddunong  TNg  yvoong  (Anuntpiddng,
2015), 1o onoio oe cuvduaopd He oUyXPOVeG
naidaywyiké€g pe@odoug onwg n diepeuvnTikn
pua@bnon kal n pddnon pe TV avdantuén
€pyou, unopei va tnv evioxuaoel, divovrag pia
SlapopeTikn  didoTaon otn diadikacia TG
padnong kar cupPdilovtag otnv avdntuén
6efloTnTwv  ouvepyaciag  (AnunTpPIAdng,
2015; Terzieva, 2017; Zhu, 2016). Zkonog
NG napouoag PIBAioypa®IkAg avaokonnong
€ival N napouciacn €EMNEIPIKOV EPEUVRV
nou apopoulv oTo AlabikTuo Twv MpayudTwy
oTnv eknaibeuon pe oTdXxo TNV avadeidn
TNG Ouvelopopdg Tou OTa  padnolakd
anotehéopata, aMld kar otnv avantuén
6e&loTATWV ouvepyaaiag,.

BiBAioypaciki) avackénnon

AiabikTuo Twv Mpaypdrwv

H avtilnpn Tou OGpou «AladikTuo TV
Mpayudtwvs kabiotatar 60okoAn AOyw Tng
OUVTAKTIKAG HouNg Tou, KaBWg n xpnon Kal
N ANOCNACHATIKA  €PUNVEId TWV  EVVOI®V
61a6ikTuo kal NPAyHaTa 6NwWG avagEPouy ol At-
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zori, lera kal Morabito (2010) npooavaToAiCouv
TOV  avayveaoTn npog S1aPOPETIKEG
kateuBlvaelg.

O 6pog Alabiktuo Twv Mpaypdtwv elonyOn
T0 1999 ané Ttov Kevin Ashton, opiCovtag
TO, ®G MIa Texvohoyia nou eniTpé€nel TN
oUvOean avTikeldévwy TnG kalnuepivig Cwng
pe 1o diadikTuo, napéxovrag Tn duvardTnTa
ouNoyng kal peTapopdg Sedopévv PETW
ailodnThpwv ge npaydatiké xpdévo (Ashton,
2009). Or Atzori, lera kai Morabito (2010)
opiCouv T0 AlabikTuo TwV MpaypdTwy g "éva
biktuo Olaouvdedepévwy avTikelévwv Ta
onoia €xouv povadikn 6iedBuvan, atnpiCopevo
oe Paoikd npwTOkoAAa enikoivwviag” (o.
2788), emonuaivovtag OTI Bev  undpxel
Kolvd anodekTog OpICUAS OTNV €PEUVNTIKA
KoIvoTnTa.

To AiabikTuo Twv MpayudTwv ouvioTd Mid
Texvohoyia nou oTtnpiCetal o0 oUOTAPATA
kal e€onAiopd Ta onoid enikolvwvouv HEOW
Tou O61abikTUOU NAPEXOVTAG NANPOPOPIES
o€ npaypatiké xpovo (Rahim k.4, 2018;
Burd k.4, 2018). TETola avTIKeiueva pPnopouv
va anoTeAEgouv OXI POVO Ol NAEKTPOVIKEG
OUOKEUEG, aNd Kal avTikeipeva kadnpepivag
xpnong, onwg pouxa kal €niNAa oTa onoid
evowpatovovtal o enefepyaotng kal ol
aiodnrnpeg (Bakla, 2019; Madakam, Ramas-
wamy & Tripathi, 2015).

Ta NPWTA QvTIKEIUEVA Nou ¥pnaolponoindnkav
WG npdydata ATav Ta Radio Frequency Iden-
tification Tags (Atzori, lera & Morabito, 2010),
O0nw¢g autd aneikoviCovtal otnv Ekéva 1. H
xpron Twv RFID, anockonoloe Kupiwg OTn
duvaTdéTnTa evroniopoU Tng akpifoug O€ong
€vOg avTIKeluEvou. AvanTuyBnkav and Ta Auto
ID Labs, pia epeuvnTikh opdba nou anoTeAeiTal
and entd epeuvnTIkKA NAVENIOTAMIA, TA onoid
aoxoholvTal pe Tov Topéa Tou RFID (Radio
Frequency Identification) kar Tig avadudpeveg
Texvohoyieg pe TN Xphon aicOnThpwv.
H evoopdtwon ‘“eupuiag" ota 6idpopa

avTikeideva PEow Twv RFIDs apxikd kal
aoUppatwv alodnTApwy PeTéneiTa, ouveBale
0Tn HETAUOPPWAN 0NOIOUSANOTE AVTIKEIPEVOU
NG Kabnuepivag Cwng oe "€unvo”’, onwg
kataypdgouv ol Basset, Manoragan, Moham-
ed kal Rushdy (2018).

Eikova 1. Radio Frequency Identification Tag.
[RFID]. AvakTtn@nke Tov Anpidio aTig 25, 2019 ano
https://5.imimg.com/data5/VN/YR/MY-3183350/
rfid-chip-500x500.jpg

‘Etol, oTnv npoondfeid Toug va opicouv To
Alabiktuo TV MpayudTtwv ol Atzori, lera kal
Morabito (2010) kataAnyouv 0TO Mo KAT®
Aidypappa 1, To onoio ouvioTd €va Kpapad TV
opIoU®V yia To Aladiktuo Twv Mpayudtoy,
O6nw¢ autoi uloBeTnOnkav kaTd kaipolg and
61dpopoug epeuvnTE,

o = "Tm'nqs?- T~

-

e visions __-

Aidypapua 1. To AiabikTuo Twv MoayudTov.
AvaktnOnke ano “The internet of things: a survey”
ano Toug Atzori, L, A, and Morabito, G., 2010,
Computer Networks, 54(15), o. 2789.



X-Ray@eknaideuon

Teuxog @

YOppwva pe TOo Aidypappa 1, n
duvarotnTa ouvbeong Kal  enikolvwviag
TV O01apopwv «ELunvwv»  AVTIKEINEVLV
UECw Tou OiadikTuou, obnynoe aoTnv
efeNEn Tou Aiadiktiou TV MpaypaTwv.
Erol, To Alabiktuo Twv MpaypdTyv 6Nwg
enionuaivouv ol Fahim, Ouchao, Jakimi
kar El Bermi (2019), efehixOnke wg €va
avanTuooopevo  OikTuo, onou  €&unveg
OUOKEUEG,  QVTIKEIYEVa kal  AvOpwnol
unopouv va guvdeBouv Kal va eMNKOIVVOUV
HEO®w Tou  OiadikTUou, kaBioT®VTAG
duvaTég BIAPOPES HOPPES EMIKOIVGVIAG
kal aMnAenibpaong, oOnwg avapeoa oe
avOpwnoug, o€ avTikeipeva, kabwg Kal
oe avOpwnoug pe avTIKeiJeva He okono
TN vonuatodoTnon Kai aITioAoynon Twv
nAnpoopidv Mnou AauBdvovtal,  ONwg
Slagaivetal oto Aigypappa 1 (Atzori, lera &
Morabito, 2010; Jang, Kim & Lee, 2017; Bas-
set, Manoragan, Mohamed & Rushdy, 2018).

ApxiTekTovik] Tou AiadIKTUoU Twv
Mpaypdrwv

YUupwva pe Toug Bogdanovic k.d., (2014),
N dapXITEKTOVIKN Tou AiadikTUoOU TV
MpayudTwv ouvioTaTal and Tpia oTpwuaTa
nou agopoulv aTn cuokeun (device layer),
oTIg unnpeaieg GiadikTuou (service layer)
kal oTIG e@apHoyEG (app layer), onwg
auTa aneikoviCovTal oTo AiIdypappa 2.

Studant
eregenats

Supporting cloud
infrastructure

Aidypauua 2. ApxitekTovikn Tou AiabIKTUoU TwV
Moayudrev. Avaktrfnke ano " A platform for learning
internet of things", ano Toug Bogdanovic, Z, Simic,
K., Milutinovic, M., Radenkovic, B, Zrakic, D. M, 2014,
International Conference e-Learning 2014, 0. 261.

Eikova 2. H nAatedpua Arduino. [Arduino Boardl.
AvakTnbnke Tov Anpidio 25, 2019 ano https://
www.makerspaces.com/

Eikova 3. H nAar@oppa Rasberry Pi. [Rasberry Pi 3]

AvaktniBnke Tov Anpidio 25, 2019 ario httos:.//www.

reichelt.com/de/en/raspberry-pi-3-b-4x-1-2-ghz-1-
gb-ram-wian-bt-raspberry-pi-3-p164977.htm/

Eikova 4. H nAatpoppa Micro:bit. [SparkFun Micro:bit
Breakout]. Avaktrinke Tov Anpidio 25, 2019 ano
https://www.riecktron.co.za/product/3845

Ta mo O6iabebopéva epyaleia nou
xpnolgonoloUvtal otV eknaibeuon
avagopikd e To AladikTuo Twv MpayudTtwy
eival N\aTQoppeg onwg To Arduino, Ras-
berry Pi kai Micro:bit (Jang, Kim & Lee,
2017), o6nwg auTa ameikoviCovTtal OTIG
Eikoveg 2, 3 kai 4.

Ta epyaleia auTtd, pnopolv €UKoAa va
evowpatwOolv oTtnv eknaibeuon, agou
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0 MPOYPAUHATIOPOG TOUG WMopei  va
eniTeuxOei pe xpnon onTIKOMOINKEVNG
yA@ooag NPOYPAMUATIOHOU HEOW
epyaleiv, onwg To Scratch A To Appln-
ventor. [lapdMnAa, €xouv avantuyOei
kal Texvohoyikd epyaleia yia apxdpioug,
avaQopikd Pe ThV €EVOWHAT®ON TOu
AlabikTUou TV [paypdtwv  OThv
eknaideuon, onwg Ta LEGO Mindstorms,
ka@wg kai LittleBits oTa onoia undpxel
EVOWUATWUEVOG  NPOYPAMUATIONOG  Kal
eival Mo eukoAa atn xpnaon.

Epappoyégc  Tou  AiabikTiou  Twv
Mpaypdrewyv

To Aiadiktuo Twv [Mpayudtwv Ppiokel
EQAPHOYEG oe noAoug  TOoEig
TNG  KaBnuepivoTnTag  ONWG  AuToi

avanapioTavralr oto Aidypapua 3. AuTo
€YKEITAI OTO Yyeyovog, OTI ouvioTd pid
Texvohoyia @IAKN Npog To nepiBalov nou
unopei va oupBdMer oTtn BeAtioon Tng
noiotnTag Cwng Tou avlpwnou (Mohm-
med & Osman, 2017; Basset k.a., 2018; Fa-
him, Ouchao, Jakimi & El Bermi, 2019).

Me tnv efeNEn Tou Aladiktiou Twv
MpayudTwv, n avaykn yia €KgUyXPOVIoUO
TnG eknaibeuong kabioTaTal anapaitnTn,
NPOKEIYEVOU VA  AVTAMOKPIVETAl  OTIG
avdykeg TV onpepivev padntav (Terzieva
k.a, 2017). H xpnon pikpoene&epyaotn
kal  aigOnthpwv  unooTnpiCouv  pia
noikiAia aAAnAenidpacewv Pe €Ikovika Kai
NPAyUaTIKG avTIKeipeva, eve To AladikTuo
TV MpaypdTtwv evioxUel Tn OUVEPYAaiaq,
TV nNpooPaciyotnTa 0€ NnNyEg  Kal
npayuatikd Oebop€va pe anoTEAeopa
ol paOnT€g va epnAékovTtal evepya oTn
Siadikaagia oikodopnong Tng yvwong (Ter-
zieva k.4, 2017).

THE INTERNET
OF THINGS

Aidypauua 3. Epappoyeg Tou AiabikTiou Twv
Moayudtwv. AvakTrinke aro “Internet of things in
smarteducation environment: supportive framework
in the decision making process" ano Toug Basset-
Abdel, M, Manoragan, G, Mohamed, M, kai Rushdy,
E, 2018, Concurrency and Computation Practice and
Experience, 0.7. AvaktnBnke Tov MdpTio 13, 2019
aro: https://doi.org/10.1002/cpe.4515

AvapopIka pe Tov TOPEQA TNG eknaideuang
kal AapBavopévng unown Tng duvarotnTag
xpnong Tou AiadikTuou Twv MpayudTwy,
anod  PEPOUG  TwV  eKNAIBEUTIKWY  YId
diaxeipion g TAéng, aMa kar ano
HEPOUG TwV padnTtwv otn Siadikaaia TNG
padnong, kpibnke okonipn n diepeuvnaon
TNG OUVEIOQPOPAG TNG TEXVOAOYIAG AUTAG
HEO® TNG EVOWPATWONG TNG o€ padnaiaka
nepiBaMovta kar n oupPBoAn Tng TOOO
oTa pabnoiakd anoTeAéopaTta 600 Kal
oTnv avantuén 6e&loTNTwV ouvepyaaoiag.
YUYKEKPIYEVa, n napouca PiBAloypagikn
avaokonnan, anockorei oTo va anavTnoel
0TO akOAouBo epeuvnTIKO epwTnUa: EET:
Moia n ouvelo@opd Tou AladikTiou TwV
MpayudTtwv oTa Yadnoiakad anoteAéopara
kaioTnvavantuénbeioTnTwv ouvepyaaiag
katd tn diadikacia Tng padnong;

Me0odoloyia

H napouoa PiBAioypagikn avaokonnon
npaydatonoindnke katd Tnv  nepiodo
®efpouapiou  kar  MapTtiou  2019.
Mpog  Oleknepaiwon TG  napouoag
BiBAIoypa®IkAg avaokonnang,
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XPnoiyonoindnkav
BiBAloypapik€Eg  Pacelg  Hedopevav:
‘Mavtoyvootng”, " Scopus" "Google

", "LearnTechlibrary”, ka@®g kar n

TEQOEPIG

Scholar",
€PEUVNTIKN KOIvOTNTA "ResearchGate".

H  6iabikacia  Tng  BiPAoypapikng
avaokonnong, akoAouBei To povTENO Tou
Neira, S. A. E., (2016) To onoio nepiAauBavel
TECCEPIG  @ACEIG: TV KATAPTION
KpITNPiwV oupnepiAnyng Twv aplpwy, Thv
avaCntnaon, Tnv anodeATioon Toug, kKafwg
kal Tnv kwdikonoinon kal avdluon Twv
anoteheopdrwv. AkohouOwg, n kdOe pdon
nepIypA@eTal avaAuTIka.

Kardprion kpitnpicwv oupnepiAnyng

Ta kpiTnpia cupnepiAnyng Twv dplpwv
otn BiBAloypapikn avaokonnon ntav Ta
akohouBa:

1. Na agopolv oT0 AiadikTuo TWv
MpayudTwv kar oTn pabnon oe Tumikd n
druna nepifalovra padnong.

2. Na unapxel npoofacn o€ nANpeg
Keigevo (0AokAnpo 1o apOpol.

3. Na ouvioToUuv €eUNEIPIKEG HENETEG
(NOCOTIKEG/NOIOTIKEG/HIKTNG
pe@oboAoyiag) nmou npaypatonoinBnkav
TV TeAeuTaia ekaeTia.

4. O QUYMETEXOVTEG va eival padnreg
onolagbnnoTe Babuidag Tng exnaibeuong.
Aiabikaaia avalntnong

ApxIka, xpnolponoin@nkav yia avalATnon ol
Ae€eig kAe1bia "AiabikTuo TV MpaypdTwv”
kal "Eknaibeuon’, ol onoieg €dwaoav €va
peyalo aplOud dpBpwv wg anoTéleapaq,
onwg kataypdeovTtal aTn 6edTepn OTAAN
Tou MMivaka 1. Evol, katapTioTnkav nio
ouykekpIUEveg AEEelg - kKAelbid, ol onoieg
Xpnoiyonoindnkav ouvduaoTikd Npog pid
Mo ouykekpigévn avalnTnon oTig Bacelg
b6ebopévay, onwg “"€funva pabnoiaka

nepiBaMovta’,  "€&unvn
"efunvn palnon’, "Texvohoyika
unoaTnpICopevn ouvepyaTikn  pddnon’,
"6e€10TNTEg 210U QIdVA" KAl "ouvepyaaia”,
UE Ta anoTeAéopata va edeaviCovTal
oTnV TPITN 0TNAN Tou lMivaka 1.

eknaideuan”,

Tivexag 1
Bageic dedopéverv ket avaljmyen apbowy

Bdon Asdousvay Ap1Buog apbpav (1n avelitnan)

Iavroyvaactie 8484
Scopus 1171 8
Google Scholar 1330 19
LearnTechLibrary 186 9
ResearchGate 21

Eotiaon kard tnv avalnTnon

XTn @Acn auTth npaypatonoindnke n
avayvwon Tov apfpwv kalr n e@appoyn
TWV KPITNPIWV MOU KATAPTIOTNKAV MPOG
ouhnepiAnwn N anokAeiouo  kAnoiou
dpOpou ano Ttnv napouca PiBAloypagikn
avaokonnaon. MeTa ano Tnv eQpappoyn TV
Mo navw KpITnpiwv Ta ouvolikd apOpa
npog avdluon nepiopioTnkav o€ 16, ONWG
kataypdovTal aTov MNivaka 2.

TTivascag 2
Bagsic Asdouéveov kon 16 apbpa apoc aviioeny

ApiBuoc aplpav (21 avelitnan)
14

Baon Azdopévay ApBuoc apbpov

IMovtoyvaoTng
Scopus

Google Scholar
LearnTechLibrary
ResearchGate

[ S

Kwéikonoinon kar avdAuon Sedopévev
H avaluon Twv Oebop€vev  Eyive
TOOO MOIOTIKA 000 KAl MOGOTIKG,
oUP@®VA HE TIG MO KAT® KATNYOPIEG:
XpovoAoyia Ongoaieuong, oOKonog TG
€peuvag, pebobdoloyia, OUPHETEXOVTEG,
anoteAéopata (yvaoelig - defiotnTeg).

O1  €peuveg  kwbikonoinGnkav  OTIg
NPOavAPEPOHEVEG KATnyopieg
akoAouBwvTag Oepatikn avaiuon

NEPIEXOUEVOU, N 0Moia kKATAypdpnKe He
TN Xpnon Tng Microsoft Excel.

9
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Méoa and tnv a&loAdynon kai KPITIKA
Oewpnon Twv dpOpwv nou akohouBei,
Baoikdg oTOXOG €ival n  Oiepelvnon
TNG Ouvelopopdg Tou AladikTiou Twv
MpayudTtwv oTa Yadnoiaka anoteAéopara
Kal e1bIKkOTeEPQ oTnv avantuén
6e&l0TATV Ouvepyaaoiag avageoa oToug
OUMMETEXOVTEG.

AnoteAéopara
H napouciaon kai  avahuon TV
UQIOTAUEVWV EUNEIPIKWV EPELVAV
kaBioTatar onuavTikn, kaOwg NApEXE!
XPNOIUEG  MANPO®OPIEG MOU  APOPOUV
TOOO OTOV TPOMO Xphong Tou AiadikTuou
Tv [Mpaypdtwv otn  6&iadikacia Tng
palnong, kabwg «kar otn diadikacia
oxeblaopou O6paCTNPIOTATWV HE OTOXO
TV €VOWPATOON Tou o€ padnoiaka
nepiBAaMovTa. LTnvnapouoa BiBAloypaikn
avaokonnan, napouaiaCovral Kal
avaAUovtal 16 epneipikd dpOpa, nou
agopolv OTn Xphon Tou AiadikTUou
Tv [Mpaypdtwv otn  &iadikacia Tng
616aokaAiag kar yabnong. Ta apBpa onwg
npo€kuyav and tTnv avalnTtnon oe Bacelg
6ebopévawv, agopouv aTh XPOvoloyikn
nepiodo 2013-2019.

ZuvonTiK) Napouadiaoc TwWV EPEUVWV
ApXIKQ, npaygaronoleital NoCOTIKA
avaluon kar napougiaon Twv dpOpwv
WG Npog To €T0G OnNPOCIEUONG TOUG.
Onwg €xel dianiotwOei, o aplBuog Twv
EMUMNEIPIKWV EPEUVAOV MOU APOPOUV OTO
AiabikTuo TV MpaypdTtey, napouaialouv
auénTikn Tdon and To 2016 Kkal peTENEITA
onwg aneikoviCetar oto Aidypapua 4,
oe avtifeon Pe Ta mponyoUpeva xpovia,
ornou n TexvoAoyia autn BpiokoTav g€ €va
npwiyo atadlo avanTuéng.

Aidypayua 4. Karnyopionoinon dpBowv w¢ rnpog to
€10G bnuoaieuons Toug.

Ol epnelpikEG EPEUVEG AUTEG, KAAUNTOUV
€va eupl @dopa OepaTikv MePIoX@V,
onwg biapaiveTtar atov lMivaka 3.

Tivakag 3
Katijyoplomoijon speovev ovd Bepoanxl mpiop)

Ofpa AmBuog epeuviv

ApprekToviy 1
Mmyoveldoyio

Hiskrpovikoi Yroloyiotéc
Buohoyia

Pooiéc Emotiies

Business Informatics

Atdpopa Vo OTIKE avTikepeve

— L

Mapd 10 6TI 0 EPEUVEG NPAyUATONoIoUVTal
evTOG kdnolou eknaideuTtikoU nAaiaioy,
ev TouToIg, 0 okonog Gie€aywyng Toug
dlapépel. Kanoleg apopoulv ato AladikTuo
TV [payudtwv auté kabautd, aAAeg
xpnolgonololv  @¢ pEdo To AladikTuo
TV [Mpaypdtwv npog eniteuln dlwv
0TOXWV, €V Kdmoleg AA\eg ouvbualouv
Toug 6Uo autolg nuh®veg. Mdpa TauTa,
evToniCovralr kamoia Kolvd WoTiBa kai
kataypdgovTtal 1o Aidypayua 5.

T'a to Awbixo tev
paypdrav

Me To AwdikToo TV

" g0 B anoctéoenc Tporypdrov
Umﬂ‘“‘ﬂ exnaidevom
o aviihuon e

pifnong

diookakic

TOMKG

Oveg - repiBiriov -
HOVIho Sidacngy o, ] Woatypey

ndfmon

S - wovid® pdnons

expinon kv aavenon \ g
swoiw ToT

SuvBvaoTIK povigho

Aidypayua 5. Xkonog npayuaronoinong rwv
EPELVQV.
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H ouvelopopd Tou Aiadiktiou Twv
Mpayudatwv otn Siadikaaia TN Padnong
Méoa ano tn pehétn Tng PiBAloypapiag,
Sla@avnke OTI Ol €PEUVEG MOU APOPOUV
oTo AlabikTuo Twv MpaypdT®v anookonouv
and Tn pIa oTAV NEIpayaTikn dokiun Kai
a&loAoynon ocuoTnUATwyY Nou Aeiroupyouv
pe auTo (yia To AladikTuo TV MpayudTwy)
Kal and Tnv GAAn oTnv eVOOPATWON TOU €
pabnaoiakd nepiPaiovta (e To AladikTuo
TV [paypdTwy), eved KAMoleG aAQOpPoUV
kal ata duo.

Ocov  agopd oOTnV  nNepiNT@on  Tng
6ibaokaNiag  kar  pdbnong yila  TO
Aiabiktuo TV Mpaypdtwy, auth apopd
o€ EVvoleg nou agopoulv aTo AladikTuo
TV MpayydTv PE an@TEPO OKONO Tnv
KaTavonon Tou TPOMou AeiToupyiag Tou,
UE OUUPETEXOVTEG QOITNTEG TPITOBAOWIAg
exnaideuong (Kortuem, Gerd, Bandarag,
Arosha, Smith, Neil, Richards, Michael & Pe-
tre, 2013; Graven & Samuelsen, 2013; Bog-
danovich, Simic, Milutinovic, Radenkovich &
Zrakic, 2014; Elsaadany & Mohamed, 2017;
Jang, Kim & Lee, 2017; Akbar, Rashid &
Emborg, 2018; Hernandez, Jimenez, Baloco
& Hernandez, 2018; Parimala k.d., 2018;
Rahim k.a., 2018).

YUykekpIPéva, ol Elsaadany kar Soliman
(2017) Oiepedvnoav  TO  YVWGIOAOYIKO
unoBabpo  kar  TIG  avTIAnyelg 25
MPONTUXIOK®V  QOITNTOV  AvAPOpPIKA
pe Tnv TexvoAloyia Tou AladikTiou TV
Mpayuatwv, npoonafwvTag va avadeifouv
TN HeMovTikn Tou npoonTikn. MEaa
and Tnv €peuvd Toug, biapdvnke OTI Ol
@oITNTEG Bev yvwpiCouv TIg duvaToTnTeEG
Tou AladIkTUou TV MNpayudTwy, EVeka Tng

anouciag TETOI®V TEXVOAOYIOV and TO
avaAuTIkO npoypapua Tng TpiToPaduiag
eknaibeuong. Xe oupwvia pe autd eivai
ol Bogdanovich, Simic, Milutinovic, Raden-
kovich kar Zrakic (2014), kaBwg kar ol Ak-
bar, Rashid kar Emborg (2018), o1 onoiol
e@dppooav NMIAOTIKG pabnuata pe okono
TNV KATAKTNON EVVOIOV N0 PEPOUG TWV
(QOITNT@V MOU €XOUV va KAVOUV pE TO
AlabikTuo TV MpaypdTwy kKaTaypd@ovTag
OeTikd anoTeAéopara.

H yvaon yia To AiadikTuo Tev MNpayuaTtwv
kaBioTatalr anapaitntn, Npog avdntuén
ouoTnpAaTwV  €&olkovopnong evepyelag

kal  PBeAtioon Tng noiotnTrag  Cwng.
EvbeikTikd, ol Parimala k.d. (2018),
aflohoyolv @G aNoTeEAeoMATIKN TV

nelpapatikn - GokIYn  evog  OUOTAPATOG
eAEyxou TNG katavahwong anofepaTtwv
vepoU Mou AeIToupyei Je Tn xpnon Tou
AladikTUou Twv MpayudTwy, ToviCovtag Tn
onpacia avanTuéng TETOIOV CUOTNUATWV
otn Oiaxeipion anoBepdtwv vepou o€
npoofBdoiyeg N pn neploxeg. Opoiwg,
ol Rahim «ka. (2018), eAéyxouv Tn
AEITOUPYIKOTNTA HIAG OUOKEUNG MOU EXEI
Tn GuvaroTnTa va petpdel Tn Oeppokpaaia
kal Tnv uypacia ce €va €funvo oniTl,
pe an®Tepo okono Tnv eoikovopnaon
EVEPYEIQG,.

Avapopikd oTn  dibackahia  evvolv
pe 1O Alabiktuo  Twv  MpaypdTtwv
WG WEoo Oibaokahiag, auTh  apopd
oTnNV EVOWPATOON Tou o€ Bidpopa
nepiBaAovta pabnong kar otn dibaokaAia
EVWOIOV Pe okond Tnv PeAtioon Twv
paOnolakv anoTeAeopdTwy, ONWG auTd
kataypdpovTal aTov MNivaka 4.
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Thivaxoc 4

Madixtoo twv Hpoyudroy kel uabyeioxé oroteléouate

Apbpo

Muobnowoxé omotehéopoto

Cheng & Liao (2012}

Bennani, Novak & Vaidya (2015)

Bogdanovich xa. (2015)

Yang & Yu (2016)

Putjorn. Siriaraya. Deravi & Ang (2018)
Magddinou & Papadakis (2018}

Fahim, Ouchao, Jakimi & El Bermi (2019)

H xpnon Tou Aiadiktiou Twv MpaypdTtwy,
WG PEoou yia Tn BidaokaAia AWV evvolidv
oupPBakel otn yvwoTikn avantuén Twv
HaOnT®V, apou PEaa and Tov NEIPAUATIOUO
Kal Tnv mapatnpnaon, avaoToxdlovrtal Tn
yv@on kal diagoponoiolv  U@ICTAUEVEG
YVWOTIKEG Hop€Eg, anodibovrag PabuTepo
vonua atn yvaoon (Putjorn, Siriaraya, Deravi
& Ang, 2018). AuTO, 6NWG €NICNUAVOuv Ol
Bogdanovich k.d. (2015) o@eileTal KUPIWG
oTnv auBevTikGTNTA TOU MAQICioU PAdnang
Mou ENITUYXAVETAI JE TN XPNCH OEVAPI®V TNG
npaypaTikng Cwng, KATI MOU XPNoIJonoleiTal
ano apkeToug epeuvnTeEg (Bogdanovich k. 4.
2014; Kortuem k.d. 2013; Bennani k.d. 2015;
Putjorn k.d. 2018; Fahim k.a. 2019; Elsaada-
ny & Mohamed, 2017). H evaoxoAnon pe
gevapia Tng npaypaTikng Cwng kai n xpnaon
TNG TEXVOAOyiag ouvioTa KivnTPo yid Toug
uadnTég, oi onoiol 0IKOBOHOUV TIG YVMOEIG
kal anodidouv vonua GOTIG ENIOTNHOVIKEG
evwvoleg (Putjorn, Siriaraya, Deravi & Ang,
2018). XupParta ntav kalr Ta anoTeAEoUATA
oTnv €peuva Twv Yang kai Yu (2016), ol
onoiol MTOMNoIoUV OTI TEXVOAOYIEG ONWG TO
AladikTuo Twv Mpaypdtwy cupBalouv oTn
BaBuTtepn kaTavonon TOU MEPIEXOHEVOU

Meyddn Behticoen oto pobnolokd
UTOTEAEGLUTO.

Beitioon podnookdy aroTeleopud ToV.
aVETTUET KPITIKNC GREWNEC KoL
EVVOL0L O IKTE KU TUVOT|OT|S.

Avamroln knjTpov o uEpove

amd pEpoug Tav PoiTnTH Y Ko feiricoen
nofnowKroY aToTEl Espd TeV

H pabitepn katavénen e yvoens
cvvefais ot fehticen
TOV pofCIUKOV eToTEAEGRATOV.

Beitioen pobncuokoy aroTelecpiTow
HECH GVOGTOYAG HOT.

Beltinon otaceav Kol pebnciekdy
UTOTEASGUATEY.

H pi&n sovikol Kot TPOYLOTIKOY KOGLoU

coppdaddst otn fehticoon Tav pebnsekay
UTOTEAEGRATOV.

otnv €€’ anooTdoewg eknaibeuan, eva ol
Fahim, Ouchao, Jakimi kai El Bermi (2019),
enianuaivouv o011 pia uPpISIkA NPOCEyyIon
oTn MAaOnon, 6nwg n HIEN npaydaTtikou
Kal elkovikou KOOHOU PETA and Th XPAon
TEXVOAOYIQV EIKOVIKNG NPAYUATIKOTNTAG Kl
AladikTUou Twv Mpayudtwy, cuuBAlAel oTn
BeATion Twv paOnoIakwv anoTeAeoPATwV.

Ye avtiBeon pe Ta napandvw, ol Kortuem
k.4. 2013) o€ nNpoyeveaTePn €peuva Toug,
bev kaTEypawyav onuavTikeg dIapopeS aTnv
enidoon Twv padNTAV, ENIoNPAIVOVTAG WG
QITIEG TNV NP@IKN EMPAVION TNG TEXVOAOYIAg
Kal TNV anelpia TV  eknaibeutdv va
blaxelpioTolv  eknaideuTikd O€paTta mou
npoekunTav katd tn dibackahia.

AiadikTuo  Twv  lMpaypdrwv  Kai
TexvoAoyikd Ynootnpi{opevn Mabnon
Avapopikd HE TNV EVOWMATWON

Tou Aiabdiktiou Twv [paypdtwv oTN
6iabikacia Tng pAdnong, dianioTwOnke
OTI Quto €niTelxOnke pe Tn  Xpnon
oUyXpovwv Naibaywylkwyv MNPocoeyyioewy
NOU aMnoppPEOUV  and  OIKOOOMIOTIKEG -
KOvoTPOUKTIBIOTIKEG  Oewpieg padnaong,
onwg dlagaivovtal aTo Aldypapua 5.
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Md8non e avmeuln épyov
(Project Based Learning)

Mdnon pe Siepedvnen (Inquiry
Based Learning)

TpopAnueroxevTpikd jibnon
(Problem Based Learning)

MéBnon péow karaokzvic
(Making)

Mespoianik) weodo (Exrébeon
TElpApGTv)

Texvoloyieg, oOnwg TO AiadikTuo TV
Mpayudtwv  evlapplvouwv  Tn  XPAoN
OUMHETOXIK@V Kal OUVEPYATIK®V
npooeyyicewv padnong (Kortuemk.d., 2013),
apou onwg enionpaivouv ol Elsaadany &
Soliman (2017) oupPaiel otn Gnuioupyia
€vog JadnrokevTpikou nepiBalovTog, dnou
N olkodopncon Tng yveong enituyxaveral
uEca ano Tnv avantuén 6eflotnTwv
OUVEPYAOiag, EVEKA TNG KOIVWVIKNG NTUXAG
TOU, napaMnAiCovtag TO pe Ta MEOA
kovevikng SikTuwaong. H 6e alonoinon Tou
€V TN anouaia KoIvwVIKNG aAnAenidpaong,
enionuaivetal oav abuvapia ano Toug Fa-
him, Ouchao, Jakimi kar El Bermi (2019).
Méoa an6é Tnv avahuon Twv ApOpwy,
Slapavnke OTI N xpnon Tou AiadikTuou
TV [Mpaypdrwy, evioxUel Tnv avantuén
6efloTnTWV OUvEpyaoiag avapeoa OToug
OUMMETEXOVTEG, ONWS auTo dlaaiveTal
oTov [ivaka 5.

Tlivaxag 5
Masixto tev Hpayubrov ket ovemrmod) éelotitay sovepyagiog
Apbpo

Cheng & Liao (2012)

AzgiomhTeg

Avamrun cuvepyaciog péon ane v
KOWeVIKT @hiphEmiBpac Ko Ty
akini.smidpacn ps ™V TEyvoloyia

Kortuem. 6. (2013) Avérogn g SnpovpyikeTiTaS Ko

suvepyacios.

Bogdanovich k& (2015) AvérToin Sstiomitav 21ov atdva.

Elsaadany & Soliman (2017) Aaogéhion cuvepyaTueils pabnons péow
e Kewavucis SrzeTacns Tou Awdikrion
v Tpayudrov.

Crekierda, Zielinski, & Szterer (2017) OpyivooT T CuvspTEGics Ko eviczveT
™ coppEToS O SuwdikTouKd
aEpPadhovia padnone.

Putjorn, Siriaraya, Daravi & Ang (2018) Avaarvdn KviTpov, CuVEpTaGing HECK
amd T GovepyaTURH BOpTION
avBevriky nzpIpali.évTav KTog
Gyocos Thatgiov.

Avapepopevol atn xpnon Tou AladikTiou
TV Mpaypdtwv kal otn pabnon ye auTo,
ol Kortuem, Bandara, Arosha, Richards
kar Marian (2013) unooTnpiCouv 0TI AUTG,
oupPBalel otnv avantuén OUPPETOXIKWV
naidaywyIkwv NPOCEYYIoEWV nou
evioxUouv Tn Ouvepyacia. AuTO, ONwg
efnyouv, unooTnpiCetar and Ttnv idia
TNV QPXITEKTOVIKA TOU GUCTAUATOG TOU
AlgdikTiou TV [payudtwv, agou ol
OUMMETEXOVTEG WNopouv va diapolpacTouy
npaypatikd  6ebopéva  pe  AAhoug
OUMHETEXOVTEG HE TN XPNON  (QOPOUW
aouyxpovng ouCnTnong, HECWV KOIVWVIKAG
6ikTUwoNG kal wikis Ta onoia gupBdlouv
otnv avantuén 6e&ioTnTwv ouvepyaaiag.
EvioxUovTtag Ta napandvw, ol Maenpaa K.a.
(2016), avapépouv OTI, N dpaaTnpionoinan
kal ouvepyacia oto nebio pe eldikoug
Kal N NPOoANWn NpaypaTikwv dedopévav
HECw Tng Texvohoyiag, oupBAMer oTn
6paoTnpIionoinon TWV CUUPHETEXOVTWV O€
61apOopPETIKEG NTUXEG Tou iblou OEpaTog,
KAavovtag TO €TOl Mo AuBevTikO  Kal
evdla@Epov enITUyxavovTag Hid ONGOTIKA
npoco€yyion Tou npoPAnuatog 6ia pécou
TNG OUVEPYATIAg Kal TNG TEXVOAoyiag.

ZulnTnon - fupnepdopara

H napouca epeuvnTIKN €pyacia ouvioTd

w
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uia  PBiBAloypaeikn  avaokonnon yid  To
AladikTuo Twv MpaypdTwv kal TN Xpnon
TOU OTOV TOMEA Tng eknaideuong. Mo
OUYKEKPIPEVQ, BlEPEUVA T OUVEIOPOPA TOU
AladikTiou TV Mpayudtwyv oTn 6iadikacia
NG MAONONg g npog Ta pabdnoiakd
anoteAéopata, ald kal ©G Mmpog T
avantuén 6eflotTnTwv ouvepyaoiag. Méoa
ano Tnv avaluon Twv dpBpwv diapdvnke
n otadiakn evowpaTwon Tou AladikTuou
TV Mpayudtwv oe Oidpopeg Pabuideg
TG exnaideuong pe OeTika anoTeAéopata
TOOO OTO YVWOIOAOYIKO TOUEQ, 000 Kal
otnv avanTtuén 6e&loTnTwV ouvepyaaoiag.
TexvoAloyieg, ONwG TOo Aladiktuo Twv
Mpaypdtwv  evlapplvouv TN Xxpnon
OUMHETOXIK@V Kal OUVEPYATIKQV
npooeyyioewv pddnong (Kortuem k..,
2013). Otav undpxel aMnAenibpaon Kai
ouCeuén Texvoloyiag kai naildaywyikng
(Shoikova, Nikolov & Kovatcheva, 2017), ToTe
enmTuyxavetal n avantuén kar edpaiwon
NG €&unvng eknaideuong. H eykabidpuon
evog €funvou OUOTAPATOG eknaideuang
oupBalel  otnv  avantuén 6eflothTwv
210U ai®va, 6Nwg n dnuIoUPYIKOTNTA KAl N
ouvepyaaia (Terzieva, 2017; Zhu, 2016).

To BacikdTepo NAeovEKTNPA TNG HABNong
HEOw Tou AiadikTiou TV [paypaTwv,
eival 0TI To nAdiolo eival auBevTiké kal
eyka@ibpupévo. H ouloyn Sebopévav
eMmTuyxdveTal PeTa and alnAenidpaon
UE QVTIKEIUEVA TOU NPAYMATIKOU KOOHOU
Putjorn, Siriaraya, Deravi kar Ang (2018). O
ouvbuaouog eikovikoU Kkal  MpaypaTikou
nepiBalovtog pabnong, ouvioTd  pid
auBevTikn  epnelpia  pAdnong onou ol
HaOnTEG KIvnTOMOIOUVTAl ECWTEPIKA  Kal
dpaaTnpionolouvTal avanTuooovTag
IKQvoTNTEG auTOoPPUOUIONG TNg HABNong
Toug (Zhu k.G, 2016; Putjorn, Siriaraya, De-
ravi & Ang, 2018). ZTpartnyik€g avantuéng

6ellotTnTwv Olepelvnong, 6Nwg N Xpnon
npoPAnuaTokevTpikng padnong, pabnong
HEOW NPOTCeKT kal oXedIAOTIKAG OKEWNG,
evioxUouv Tn padnaolakn epnelpia y€oa ano
tnv avantuén OGefloTATwv ouvepyaaciag
(Shoikova, Nikolov & Kovatcheva, 2017).
EninpdoBeta, evioxiouv TN pddnon,
evbuvapgovovtag  Toug  padntég o€
unavanTukTa KedTn, kalioTwvTag pe auto
TOV TPOno npoofBdoiun kai 100TIUN TV
exnaideuaon (Fahim, Ouchao, Jakimi & El Ber-
mi, 2019).

NpokAnoceig

Onwg moTonoleital and Tnv avaluon Twv
€PEUVAV OTnv napouoa PiBAloypagikn
avaokonnan, To AiadikTuo Twv MpaypdTwy
OuvIOTd pIa Texvoloyia mMou pnopei va
HETAUOPPWOEl €va nepiBdalov pabnong
enipepovtag OeTikd anoTeAéouarta TOGO
OTOV YVWOIONOYIKG TOUEQ, 600 Kal aTnv
avanrtuén 6eéjoTNTwv ocuvepyaaiag.

Ye €peuva Tou CDW-G's (2017) nou
61e€nxOn avapeca oe 300 enayyehpartieg
NG eknaibeuong K-12, nioTtonoleital OTI
10 AladikTuo Twv Mpayudtwv Oa cupBalel
OoTnNv ao@AAeld Tou OXOAIKOU  XWPOU
(85%), Oa anoTeAéael kivnTpo yia pddnon
(85%) kar pakpoxpovia Oa cupBdaliel oTnv
efoikovounon evepyeiag kal kAT’ eNEKTACN
TNG olkovopiag (65%).

AuTO yia va yivel eQIKTO, OAOI Ol POPEIG
nou ennpedCovtal and TNV EVOWHATWON
Tou AladikTUou Twv Mpaypdtwy Oa npénel
va epniakouv oTo oxedliaoud Tou Tponou
EVOWMPATWONG TOU O€ TUNIKA NepiBalovTa
padnong (Pierce, 2016). ®Popeig auThg
NG aMayng eival kal ol eknalbeuTIKOI,
ol onoiol Oa npé€nel apevog va TUXOUV
KaTaAnAng eknaibeuong kai katdpTiong
kal apeT€pou Oa npénel va epodiacTouv
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pe Tov katdAnAo e§onhiopo kar 816akTIKO
UANIKG mpog aflomoinon Tou O€ TUMIKA
nepiBaMovta pddnong (Moreira k.d., 2018).

MpoKeIJEVOU VA YiVEI QUTO KAI N EVOWHATWAON
va eival enituxng, Oa npé€ner va undpyel pia
ouCeuén Tng TexvoAoyiag pe ouUyxpoveg
naidaywyikEg eOodoug NPOKEINEVOU QUTEG
va ouvadouv pe TIG avdykeg Tng €&unvng
eknaideuong. O Crook (2016), eaTiaCel aTO
CATNUa  ekouyxpoviopou Twv HeBddwv
61baockahiag, kataypd@ovrdg To G pid
MPOKANON Mou NPEnel va avTIHETWNIOTEN
MPOKEIJEVOU N EVOWUATWAON Tou AladikTUou
Twv Mpayudtwv oe Tunikd nepiBalovra
udlnong va eival eniTuxng.

Ev Toutoig, O€uaTta OnNwg TO KOOTOG, N
Slaopdlion  mpoownikwv  6edopevay,
Cnthpata aopadielag Twv SedopéEvav Kal
alonioTiag Tou diadikTUou, kataypd@ovTal
WG avnouxieg yia Tov TPOMO Mou TO
Aiabiktuo Twv Mpaypdtwv Oa ennpedoel
TO OXOAKO nepifdAov (CDW-G's, 2017).
H 6iac@akion npoownikdv Oedopévav
TOV padntadv kar 161aiTepa NANPOPOPIDY
nou a@opolv O NPOCWNIKG GCTOIXEId
KaTaypd@ovtal G MNPOKANCEIG Kal OTo
epeuvnTikO nedio (Pierce, 2016; Moreira
k.4, 2018).

H evowparwon Tou AiadikTiou TwV
Mpaypdtwv otn biadikacia Tng padnong
unopei va enipépel OeTika anoTeAéopara,
ONw¢ auTa KaTaypd@nkav NPonyoUHEVWG,
TOOO OTO YVWOIOAOYIKO TOPEA OGO Kal
otnv avantuén 6elotATwv 2Tou ai®va
ano pEpoug Twv Jadnrtav. Ev TouTolg, oTa
NAQioIa eVOWUATWONG Tou, o€ NepIBAAovTa
TUMIKAG ~ pAOnong, of  @OpPEIg  TNG
eknaideuong kaholvTal va avTIHETWNIOOUV
Kal va emAdoouy didpopeg NPOKANCEIG Nou
NPEOKUNTOUV e TN Xpnan Tou. Ol NpokKANCEIG

aQopouV 0€ TEXVIKNG @uong CntApaTa
ONWg N KaTapTion Kai enPopP@Won Tou
eknaibeutikol npoownikol and Tn piq,
onwg kar n efacpdhion Tou efonhiopoy,
n ouvtnpnon Tou, n OGiac@akion Tng
aoUppatng ouvdeong pe To BiadikTuo, alAa
kal n anoOnkeuon Tou TePAOTIOU Oykou
6ebopévwv nou ouMEYovVTal and Tnv AMAN.

MEpa ano Ta Texvika CnrApaTa, NpokunTouv
Oépata naibaywyikng kar NOIKNAG @uong
nou npé€nel va emAuBolv. ZnTApata
NOU A@OPOUV OTOV EKCUYXPOVIOUO TWV
peO6bwv b16aokahiag anod Tn pia, aAAa kal
6laopANiong NPOCWNIKDV BeBOUEVLV TWV
HadnTv and Tnv AMn, ouvioTolv and TIg
Mo ONUAVTIKEG MPOKANCEIG MOU €XOUV va
QVTIHETWMIOOUV Ol €eKNAIBEUTIKOI (POPEIG
NPog Hia MANpN Kai ENITUXN EVOWHATWON
Tou Aiadiktiou Twv [paypdTwv oTnv
exnaibeuon.

MNepiopiopoi

H napouoa PiBAioypagpikn avaokonnon
napouciaCel  kAMNoOIoUG  MEPIOPICHOUG
w¢G npog Tov Tpono dieaywyng tTng. To
AladikTuo Twv Mpaypdtwy, kaAunTel €va
eupU @ACPA €WOIWYV, ETOI NEPICCOTEPA
dpOpa evbexopévwg va pnopouoav va
€VTOMIaTOUV Kal va avaAubouv Pe Tn Xpnon
SlapopeTikadv Aefewv kAelbidV kaTa Tnv
avaCntnaon. Eniong, Oa pnopouoav va yivouv
NEPIOCOTEPES  KATNYOPIOMOINCEIG  TWV
dpOpwV, WG MPOG TOUG OUUHPETEXOVTEG,
TN PaBpida eknaibeuong, aMa kar TIg
pe@dboug nou xpnoigonoinBnkav  katd
TN ouloyn Oebopévwv. Puaikg, n
avackonnan anockornouge oTtnv avadeién
TNG  OUveloPopdg  TnG  Texvoloyiag
auTnAg OoTnv eknaibeuon, €Tal To MAdicio
avaCntnong NTav MoAU OUYKEKPIUEVO Kal TO
EPEUVNTIKO €PWTNHA anavTnOnke Xwpig va
anaiTolvTal ol KATNYOPIOMNOINCEIG OI OMOIES
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npoavaeepOnkav.

Mapd Toug MepIopIoUOUG TG UPIOTAHEVNS
BiBAIoypaIkng avaokonnang, autn
OUVEIOQEPEI OTNV EPEUVNTIKN KOIVOTNTA
u€oa and tnv avadeiln Twv duvatoTATWy
Tou Aiadiktiou Twv [lpaypdtwv GTOvV
TOMEa TnG eknaibeuong, ald kar Tou
nAQIoiou  0pYyaAvwaong Kal EVOWHATWONG
TNG Texvohoyiag autng oe BlapopeTikd
padnoiakd nepiBalovta npog eniteuén
padnolakwyv  oTOXWV. AKOWn, Biapavnke
n avdykn yia nepaitépw Olepeuvnon
TNG €VOWUAT®ong Tou AiadikTiou Twv
Mpayudtwv o€  Tunikd  nepiBdalovTa
pabnong kal e OUPUETEXOVTEG aNO
SlapopeTikEG Baduibeg Tng eknaibeuong.
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Exploring Factors Influencing Collaborative
Knowledge Construction in Online Discussions:
Student Facilitation and Quality of Initial
Postings

Andri loannou, Skevi Demetriou, and Maria Mama

Cyprus University of Technology

Although lots of studies have investigated collaborative knowledge construction in online courses, the factors

influencing this process are yet to be fully determined. This study provides quantitative and qualitative types
of evidence on how (naturally emerged) student facilitation and quality of initial postings influence collabora-
tive knowledge construction in online discussions. We analyzed the discourse of nine student groups (N = 34)

working on a case problem in an online discussion forum.

We found that student facilitation was an important contributor to the process. In contrast, the contribution of
low-quality postings in early stages of the discussion can jeopardize the process. This work is an attempt to
address quality in online learning by helping instructors decide on encouraging student facilitation in online

discussions as well as structuring and carefully monitoring the content of initial discussion postings.

Collaborative learning is consistent with a
sociocultural perspective on learning. From
this perspective, knowledge is constructed
socially in the interactions among peo-
ple before it is internalized as individual
knowing. Learning collaboratively does not
just entail sharing a workload or individu-
al knowledge with one another but rather
comparing and understanding multiple per-
spectives on an issue (e.g, Scardamalia
and Bereiter 2006; Stahl 2006). Gallini and
Barron (2002) explained that successful col-
laborative learning is generally marked by
the amount of communication, interaction,
and reflection that takes place that is, how
often students engage in explaining and jus-
tifying their thinking to one another and ne-
gotiate their interpretations and solutions to
establish meaning. Collaborative learning is
particularly popular in online, asynchronous
courses. Typically supported by asynchro-

nous threaded discussion forums, learn-
ers engage in social exchange, interaction,
discussion, and collaboration in an effort to
construct knowledge together.

For more than fifteen years, research-
ers have been investigating collabora-
tive knowledge construction in online learn-
ing seftings and several approaches and
models have been employed to study this
process (e.g., Gunawardena, Lowe, and An-
derson 1997; Weinberger and Fischer 2006;
Zenios 2011). In general, productive collabo-
ration in online learning groups addresses
(a) contributions of content and ideas re-
lated to the group task; (b) reflections and
cognitive/metacognitive exchanges (asking
questions, exchanging conflicting opinions,
provid- ing explanations); and (c) evidence of
knowledge construction-that is, having new
insights as a result of the discussion, making
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deep connections, and synthesizing infor-
mation (i.e., Hmelo- Silver 2003; Stahl 2006).
Furthermore, researchers have examined
factors influencing the success of collabo-
rative knowledge construction. Group com-
position (in ferms of gender, status, culfure,
and expertise), size of group, nature of the
task and task structuring, participants’ indi-
vidual characteristics, and the role of the in-
structor and tools/interfaces supporting the
learning task have all been identified as var-
iables influencing collaborative knowledge
construction in online settings (Hmelo-Silver,
Chernobilsky, and Nagarajan 2009; Resta
and LaferriOre 2007; Roschelle 1992). In this
study we attempt to advance the research in
this area by focusing on two factors: student
facilitation and quality of initial postings.

The study draws upon the literature suggest-
ing that the presence of a student leader in
an asynchronous online course promotes
regular participation by the rest of the stu-
dents (Tagg 1994), with the emphasis placed
not only on the frequency of contributions
but also, and most important, on the quality
of the learning process and the meaningful
construction of knowledge within the online
community (Aviv et al. 2003; Garrison and
Cleveland-Innes 2005). The influence of stu-
dent facilitation is echoed in several e-learn-
ing studies that examine student-led facilita-
tion techniques (Baran and Correia 2009) or
the role of the moderator who, structuring a
student- centered course, should be encour-
aged to assign responsibilities and leader-
ship roles to the participants (Maor 2003).
Researchers discuss how student facilitation
takes the edge off the authoritative influ-
ence of ateacher (Akyol and Garrison 2011)
and how students show preference toward
student-led, rather than instructor-led, online
discussions (Rourke and Anderson 2002). Still

there are concerns that low critical thinking
and irrelevant contributions take place when
the discussion is guided by peers (Rourke
and Anderson 2002).

Assessing the quality of students’ postings
in online discussions and their impact on the
ongoing collaboration has not been thor-
oughly investigated to date. Ho and Swan
(2007) found that quality-defined by them as
"substantive contributions that expressed
beliefs or values" (7)- was the most impor-
tant criterion for predicting responses to a
discussion posting compared with quantity,
relevance, and manner. Other researchers
have focused on structuring online discus-
sions and creating evaluation rubrics to en-
sure meaningful discourse and knowledge
construction will take place (e.g., Gilbert and
Dabbagh 2005). Yet, there seems to be lack
of work examining how high-quality post-
ings, and especially low-quality postings,
influence the progression of online discus-
sions and the construction of knowledge.
Also, researchers have yet to explore how
post- ings help build the context for other
future postings and how this influences the
overall knowledge construction process
(Wise and Chiu 2011).

This work is part of a broader investigation
where collaborative learning in discussion
forums and wikis has been studied (loan-
nou and Stylianou-Georgiou 2012). Here, we
provide quantitative and qualitative types of
evidence on how (naturally emerged) stu-
dent facilitation and quality of initial post-
ings may influence collaborative knowledge
construction in online discussions. The main
criteria for identifying a student facilitator
in this work included their core presence
in guiding and structuring the discussion
toward the final product, their frequent un-
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dertaking of summarization of the points
and ideas articulated (by themselves and
others), and the acknowledgment of their
contribution by their colleagues (e.g., Aviv et
al. 2003; Baran and Correia 2009; Garrison
and Cleveland-Innes 2005). Also, a high-
quality (initial) posting was identified as a
new contribution, reflective of the student’s
belief and/or opinions and supported by
sufficient evidence where necessary (see
Ho and Swan’s 2007 definition). This work
is an afttempt to address quality in online
learning, both by helping instructors decide
on encouraging student facilitation in online
discussions and by structuring and carefully
monitoring the content of initial discussion
postings.

METHOD

Participants

Our sample consisted of thirty-four gradu-
ate students in an online learning theories
course taught over 16 weeks at a public
university in the northeastern United States.
Most of the participants were female (79%)
in-service teachers (95%) between 22 and
54 years of age (M = 37, SD =10.8).

Procedures

Students were randomly assigned into nine
groups: seven groups of four students and
two groups of three students. Student col-
laboration was carried out virtually using the
threaded discussion forum of the school’s
learning management system (WebCT). The
activity lasted roughly two weeks and took
place three weeks before the end of the
course. Students were tasked to work in their
groups on a case problem adapted from a
book specialized on the case method for
teacher education (Dottin and Weiner 2001).
Students were to apply concepts learned in

the course to produce a comprehensive so-
lution to the problem of the case. In order to
guide their activity, students were provided
with guidelines on how to approach the
analysis of a case problem (also adapted
from Dottin and Weiner 2001). Briefly, the
guidelines involved directions on (1) how to
define the problem; (2) how to identify facts,
stakeholders, and unanswered questions in
the case; (3) how to offer interpretations us-
ing theoretical, pedagogical (application of
theory), and professional knowledge; and (4)
how to produce a consensus solution plan.
The discussion was led by the students
themselves and there were no specific re-
quirements about the number or quality of
contributions to the discussion. The instruc-
tor monitored the group discussions, but
her intervention was purposely restrained.
In general, she did not provide content or
content feedback, but instead she tried to
encourage discussion by giving structural
feedback (e.g., "You need to base your ar-
guments on instances from the case and to
support those with theory”) and acknowl-
edging students’ contributions (e.g., “This is
a good argument . . .").

Analysis

The corpus of collaborative discourse of dll
nine groups was automatically captured in
the discussion forumra total of 252 messag-
es were collected for analysis. The analysis
was conducted in two levels: (a) coding and
counting the group’s discourse in order to
understand the general content structure of
the discussion and (b) exploring the collabo-
rators’ contributions as they occurred
chronologically to constitute evidence for the
role of the factors of inferest (student facilita-
tion and quality of initial postings) in the col-
laborative knowledge construction process.
Code-and-Count Content Analysis
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Initially, two coders with professional back-
grounds in educational technology (authors of
this article) became acquainted with the data
by reading all the discourse thoroughly. Then,
a number of coding schemes from previ-
ous investigations were reviewed fo decide
whether one of them could describe our data
corpus (e.g, Aviv et al. 2003; Gunawardena,
Lowe, and Anderson 1997; Marra, Moore, and
Klimczak 2004; Puntambekar 2006; Wein-
berger and Fischer 2006). This effort was
in line with researchers such as Rourke and
Anderson (2004) and De Wever et al. (2006),
who strongly encourage the reuse of coding
schemes developed in previous research to
foster their replicability and validity.

We decided to use Gunawardena, Lowe, and
Anderson’s (1997) coding scheme, which
conceptudlizes the processes of collabora-
tive knowledge construction in virtual envi-
ronments as a series of successive (though
not necessarily strictly sequential) phases.
Besides being a good fit for our data cor-
pus, this coding scheme is both theoretically
and empirically validated and one of the few
confent analysis protocols with an existing
research base (e.g, De Wever et al. 2006;
Marra, Moore, and Klimczak 2004; Wise and
Chiu 2011). Two coders worked closely to-
gether fo refine the coding scheme in context
and to decide what aspect of the content con-
stituted evidence for each coding category:
(1) Sharing/Adding, (2) Negotiating meaning,
(3) Elaborating, (4) Evaluating/Testing of pro-
posed synthesis, and (5) Consensus/Applying
constructed knowledge. See Table 1 for the
coding scheme with excerpts of students’
discourse categorized in different phases.

The entire corpus of collaborative discourse
of each group was analyzed using the coding
scheme of Table 1. During coding, the post

was taken as the unit of analysis an accept-
able practice in related works (e.g., Wise and
Chiu 2011) and was considered in relation to
the overall discussion. Each message was
categorized under one, and only one, of the
categories for the phases of collaborative
knowledge construction. In cases of two or
more applicable phases (usually in lengthier
postings), the contribution was coded in the
higher phase (e.g, if a posting included el-
ements of Phase 2, Phase 3, and Phase 4,
it was coded as Phase 4). Given the devel-
opmental nature of this coding scheme li.e,,
higher levels of knowledge construction are
implied by more advanced phases), this prac-
tice was deemed appropriate and allowed
us to be systematic.

Approximately 50% of the discourse was
coded by the two coders together. The re-
maining 50% was coded by each coder in-
dependently and percentage agreement was
computed to be 89% (kappa stdtistics = 7.6);
disagreements were fully resolved by dis-
cussion between the coders.

Messages that only aimed the monitoring of
the team progress, planning the task, using
the technology, and socializing were not cod-
ed; this also included any statements contrib-
uted by the instructor. In the end, we calculat-
ed frequencies of codes across phases and
groups as shown in Table 2 to understand
the general content structure of the discus-
sion across groups.

Chronological Visuals

For a chronological examination of within-
group collaboration, we plotted all discourse
and actions on a chronological visual a meth-
od inspired by Hmelo-Silver et al’s (2011)
CORDTRA

technique and used in a number of previ-
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TABLE 1
Collaborative Knowledge Construction Coding Scheme

Phase Category Description Excerpts from the data
1 Sharing/Adding A statement of observation or opinion; Definition, “Just thought of something else. Maybe Joe’s® parents don’t know what
description, identification of a problem. services are out there for them so maybe they need to be educated on what
services they are entitled to have.” (Participant from Group 1)
2 Negotiating meaning Agreement (Statement of agreement with other Agreement: “I agree with you that Joe’s low self-efficacy and low motivation
participants, corroborating statements provided are important parts of the problem. I also think his perceived lack of
by other participants); Disagreement relevance of the content of what he is learning in school is also a big
(Statement of disagreement with other problem.” (Participant from Group 6)
participants, restatement of a participant’s Disagreement: “I respectfully disagree, and think that Sherry should at least
position, advancement of arguments in support attempt to contact the parents. She can find out from them if he has any
of an opposing statement). time to do his homework or if he really is obligated to help his mom care
for the kids to such a great extent that he cannot complete his work.”
(Participant from Group 9)
3 Elaborating Building of previous statements/meanings; “Do you think giving him a leadership role is a bad idea? I have tried this
Clarifications. before with students in my class. Sometimes, the leadership role gives them
a boost of confidence. It appears that Joe has “been on the edge” for so long
that he needs the boost, like yesterday!!! However I do see how your
opinion is valid.” (Participant from Group 4)
4 Evaluating/Testing of Review of the new synthesis with the prospect of ~ “Hi team. Here is my revised version with citations to the case: In order to
proposed synthesis finalizing it. truly help Joe become a better and higher achieving student, Sherry not
only has to focus on Joe in the classroom but also as an individual outside
of the academic day. . . . Joe needs to have a shift in his thinking or
paradigm in order to become a better student. To help facilitate this transfer
Sherry will need to call on resources that are outside her control, like social
services and other institutions that can play a role in keeping Joe focused
on academics while still being able to help his family. . . .” (Long posting
of synthesis of contributions; Participant from Group 9)
5 Consensus/Applying Summary of agreements; Application of new “I feel our discussion shows that Motivation is one of the factors that need to

co-constructed knowledge knowledge; Metacognitive statements of

changes in knowledge or ways of thinking.

be addressed. Once motivation is filled along with aiding in his home life I
believe that Joe will do much better at school. Also we all seem to agree
that Joe lacks in self-efficacy, which relates to motivation. I suggest we
focus on motivation for our solution plan as one of the major key factors in
helping Joe.” (Participant from Group 2)

4Joe is the name of the boy mentioned in the case problem.

ous works (e.g., loannou 2011; loannou and
Stylianou- Georgiou 2012). That is, for each
group, we generated a spreadsheet scatter-
plot using the group’s coded discourse. The
time of the contribution runs at the top of the
visual (e.g., two weeks dura- tion of the activ-
ity in two days breakdown).1 The learners
and discourse categories are listed on the
right of the visual, whereas each time point
on the visual represents a leaner’s coded
contri- bution. In general, these visuals are in-
spected for patterns and serve as pointers to
the discourse to help understand the collabo-
ration process on a chronological spectrum,

0:00-10/27 0:00-10/29 0:00-10/31 0:00-11/2 000-11/4 0:00-11/6 000-11/8 000-11/10

H1. Member-A
42. Member-8

3. Member-C
L w4, Member-D

A A A
X

[ P
B
Xpu

u
A
2K

B>

6. Phase 1
# 7. Phase 2
8. Phase 3
4 9. Phase 4
W10 Phase 5

FIGURE 1 Chronological Visual of Group 5 (Facilitator).

mee
ATy
mee
|}
.
aru®

beyond coding and counting.

For the sake of space, we present the visuals
of four groups-two groups with an emerg-
ing student facilitator (Figures 1 and 2) and
two groups with low-quality initial postings
(Figures 3 and 4). The researchers carefully
inspected the visuals of all nine groups and
here they discuss collective results and con-
sistent patfterns with reference to Figures 1- 4
(all other visuals can be provided upon re-
quest).
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1 We note that the two days breakdown creates an overlap of the scatters on the visual when contributions are close to each other
timewise (e.g., one hour apart). This breakdown is unavoidable for the presentation of the visuals in an Ad-page, yet the researchers work
from a fully populated visual in spreadsheets where a detailed study of students’ interactions is possible.

RESULTS

Aninitial consideration of Table 2 and the visuals
of all groups showed that some collaborative
knowledge construction occurred in all groups.
Consistent with prior work (Gunawardena,
Lowe, and Anderson 1997; Wise and Chiu
2011), Phase 1 statements (Sharing/Adding)
accounted for the largest proportion of the
overall discussion (32%) representing between
20% and 50% of the talk depending on the
group and suggesting that students devoted a
significant amount of their discussion in stating
their positions and sharing information about
the case problem before they produced more
advanced statements toward a comprehensive
problem solution (e.g, Phases 4-5). Yet,
considering the total number of codes across
phases (Table 2), we found that collaborative
knowledge construction was more apparent
in some groups than others; this triggered a
more in-depth examination of the groups’
collaboration in relation to the factors of
interest: student facilitation and quality of initial
postings.

Student Facilitation

A detailed examination of the visuals and
associated groups’ discourse showed that
two groups Group 5 and Group 8 (Figures
1 and 2) were supported by an emerging
student facilitator. In both groups, the student
facilitator emerged in the early stages of the
discussion; she possessed core presence in
guiding and structuring the discussion toward
the final product; participated frequently,

often undertaking the summarization of the
points and ideas articulated; and her con-
tribution was acknowledged by her colleagues.
Overall, Groups 5 and 8 appeared successful
in engaging in the collaborative knowledge
construction process in that (1) their discourse
involved contributions along all phases of
knowledge construction; (2) all group members
participated in this process; and (3) there
were numerous constitutions  suggesting
engagement with the task (33 contributions
in both groups) but not too many (e.g., >40
contributions), which could be suggesting
difficulty in coming to a consensus, or too
few (e.g, <20 contributions), which could be
suggesting limited engagement with the task.
Our analysis of results demonstrates how the
emerging facilitator might have had a positive
influence on the process.

Specifically, in Group 5 (Figure 1), the facilitator
(Member B) took the initiative to describe the
situation and define the problem making sure
she set out common grounds of discussion with
the rest of the participants. Upon interaction
with the other group members, she next
tried to identify secondary issues and revise
the problem definition. She often (from the
beginning until the end) summarized the other
students’ postings evaluating and extracting
the central ideas that would construct the
final argument. Managing time in view of the
assignment deadline was another initiative on
her behalf. Overall, her postings were lengthy
but not authoritative as her tone and style were
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not discouraging to other group members. She
clearly expressed her opinion, but at the same
time she invited others to add to or modify her
points. Also, she frequently encouraged and
motivated her colleagues to contribute, such as
the following:

| was just about to post that some of the issues might be
taken care of by a change in the learning environment.
Varying routines and presentations might help. . . . | think
Colleague 1 or Colleague 2 hit on this too! Great job.

(Student facilitator, Group 5)

At the end, she indicated her satisfaction
from their collaboration and appreciated the
outcome as a successful one. Her role as a
facilitator was reflected in one of the other
participants’ postings who, when finalizing
the group’s consensus, said to her, "Will you
take a final look atf this and then post it to the
group consensus discussion? | can do this if
you want, but | dont want to post without your
final ‘once over.™

The student (Member B) who emerged as a
facilitator in Group 8 (Figure 2) demonstrated
similar facilitation patterns. She took the
initiative to start and direct the discussion, and
although this group had a rather late start in
the activity (see Figure 2), its members worked
intensively during Week 2 and managed to
complete the task on time. Her postings, albeit
not lengthy, inspired the contribution of the rest
of the participants; for example:

| think that’s right [facilitator namel. Thanks for
posting! (Member A, Group 8)

My pleasure, you did a lot of work for all of us on
Readers workshop and responsive classroom.
Thank you. (Student facilitator, Group 8)

She frequently integrated the severadl
contributions info one summary document
while leading the discussion under a critical
evaluation angle. Also, she often reviewed and
monitored the group’s progress. Her colleagues
did recognize her significant contribution, as
shown in comments such as "Your hard work
really helped me out a lot." She contributed

the most up until the end of the discussion,
occasionally giving the impression that she did
so trying fo meet her colleagues’ expectations,
such as the following:

Ladies, we are almost at the end!! | am not
sure who wrote the closing paragraph, but
it pulled things together well. | added to it on
the doc and have posted here again for final
comments/edits/revisions. (Student facilitator,
Group 8)

In both groups, the emerging student leader
often drew from theories in the course
textbooks and readings to initiate discussion in
some direction; for example:

Are Joe's nonacademic needs being met?
According to Ormrod (p. 486), students are
more likely to focus on their schoolwork when
their nonacademic needs have been met.
(Student facilitator, Group 5)

In other cases, student leaders drew from
their experience and, with examples from
their teaching practice, they indicated how
they would respond to the problem described
in their case study activity. In this way, they
encouraged the rest of the participants to
construct and elaborate on those examples,
such as the following:

Based on my experience, the teachers would
benefit from finding out what Joe’s interests are.
While he seems to be ok in math, the teachers
of other subjects would do well to find out
what other areas of knowledge he is confident
about. They could use his interests to help spur
work in language arts, reading, science, social
studies, etc. . . . (Student facilitator, Group 5)

Overdll, our findings constitute evidence of the
positive influence of the emerging facilitator in
Groups 5 and 8.

Low-Quality Initial Postings

Group 2 and Group 3 appeared to be less
successful in engaging in the collaborative
knowledge construction process for a couple
reasons. As evident in Table 2 and Figures
3 and 4, these groups (1) experienced large
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periods of inactivity within the two weeks of
the collaborative activity (e.g., three to four
days gaps), (2] their number of contributions
was relatively low, and (3) some group
members did not contribute equally. Our
detailed examination of the groups’ discourse
suggested that the contribution of low-quality
postings in early stages of the discussion may
have jeopardized the collaborative knowledge
construction process.

TABLE 2

In particular, in both Groups 2 and 3 the initial
postings involved undeveloped, single sentence
statements that were neither reflective of the
students’ belief and/or opinions nor were
supported by sufficient evidence. In fact, these
postings represented a (bulleted) list of ideas
without elaboration or supporting information
from the course content or the learners’
professional experience

Example of Low-Quality Initial Postings {a Bulleted List of Ideas)

Subject- Possibie Faterve ntion/Jolifion
Gropn 2 lbmber B gndadar Phage §

= Kazren nesds to make connections with her swdents (text to z=lf, text to others, t=xt to worlkd),

- Karsn neads to balanes the neads of all her studants.

= Karen should creste 2 classroom environment where students feel zafe perticipating.

= Karen neads to assess her students © findthe specific ares or skill whers they are struzeling.
= Karen should tske more time in preparing for her lessons; thiz iz 2 new rading adoption znd skimming the story

before class is not sufficient

= Karsn ne=ds to oreste discussion during seading rather than using 2 2w questions at the =nd.

= K aren has to r2flact on her teaching practices more regularly
= Discipline practices nead to be more consistent.
= Conmultwith other teachers on differentiation.

Subject- RE: Possible TaterventionSolution

Growp 2—Member 4 reply (¢ oded as Phase 1}

"Karen absoluts Iy neads profeszionzl development on =factive reading strategies (think-pairshare, guided reading
groups, reader workshops, read slovds think alouds, liersture circles, making reader text connactions, =tc ).
"Karen must stdress her clssroom environment and stop alisnating the more difficot kids by choosing kids who

are acadamically superior; she's spregating her class.

"he absolutely neads toraview the new comicolem to see where certain student inerasts may be highlichted.
2 i - ¥ . :
She needs to vse minilessons to sddress questions that coms vp during = discossion or lesson.

Subject RE: Possible Intervention Solution
Group I—Member B reply (¢ oded as Phase 1)
Karen neads to address raading lavels and adjust materisk accordingly.

1mwve stigate svailable esources to help makes the class size more manapgeable iz, peraprofesionsl support, pagsnt

volunteers, 2tc).

? Attend professionaldavelopment activities that promoe curent “best practices™ in reading padagoey.

DISCUSSION

Although lots of studies have investigated
collaborative knowledge construction in online
discussions, the many factors influencing this
process are yet to be determined. In this
work, we examined how student facilitation
and quality of initial postings may influence
collaborative knowledge construction in online
discussions.

We found that naturally emerged student
facilitation was an important contributor to the
collaborative knowledge construction process,
consistent with findings of several previous
studies (Baran and Correia 2009; Hew and
Cheung 2011; Maor 2003; Ng, Cheung, and
Hew 2012). Furthermore, our study overcomes
concerns that student messages tend to be of
low critical thinking and irrelevant to the topic

(see Table 3 for an example). This
practice not only did not invite
other group members to build

on a reflective discussion but
also was adopted and continued
for the maijority of discussion.
This constitutes evidence that
low-quality postings contributed in
the early stages of the discussion
can jeopardize the progress

of collaborative knowledge
construction.

when the discussion is guided by their peers
(Rourke and Anderson

2002). In fact, our results constituted evidence
of successful student-led online discussions
passing through phases of knowledge
construction until a group solution is agreed.
These findings might help instructors impose
student facilitation in  online discussions.
In this case, future work may focus on the
establishment of explicit guidelines for student
facilitators that will encourage contributions
from all group members along all phases of
knowledge construction. However, as evident
in this study, facilitators do naturally emerge
and have a positive influence without any
guidance. Perhaps all instructors need to do is
encourage students to actively pursue this role
within their online groups.
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With regard to this finding, we acknowledge
a limitation of the study to conduct a detailed
analysis of Group 9 (30 contributions),
which appears to be successful without the
presence of a facilitator. Further, based on
our observations, we argue that too many
contributions (e.g., >40; see Groups 6 and 7)
could be suggesting difficulty in coming to a
consensus, whereas too few contributions
(e.g., <20; see Groups 1-4) could be suggesting
limited engagement with the task. However,
in future studies this assertion should be
documented systematically.

In contrast to the positive influence of a
student facilitator, this study further uncovered
the possibly negative effect of low-quality
contributions in the early stages of the
discussion. As evident in this study, low-
quality initial postings were imitated by other
group members throughout the discussion,
possibly resulting in the limited engagement
in the collaborative knowledge construction
process. This finding suggests the importance
of imposing guidelines for the structure
of contributions in online discussion. Also,
some extra monitoring in the early stages
of the discussion, coupled with modeling of
high-quality initial postings, might be a good
practice on behalf of online instructors and
tutors. Considering that researchers have yet
to explore how postings help build the context
for other future postings in online discussion
(Wise and Chiu 2011), this study provides initial
insights in this direction.

Future work can focus on atomizing the
identification of low-quality postings in online
dis- cussions. Such atomization would allow
the prompt notification of the instructor or
facilitator. Also, future work could further
examine how high- and low-quality postings
influence the progression of online discussions
and collaborative construction of knowledge.
This study provides initial evidence for
the negative influence of low-quality initial
postings. The opposite might also be true and
merits investigation; for example, can high-

quality early contributions set the basis for
successful engagement in the collaborative
knowledge construction process? The time of
contribution of such postings is also a factor
that merits investigation; for example, do
low- quality postings cause more harm when
contributed earlier, than later, in the discussion?
Do high-quality postings create more benefits
when contributed earlier, than later, in the
discussion? Such questions are vital to explore
in order to better understand what influences
collaboration and knowledge construction in
online learning settings and how we can better
structure online discussions. Overall, this work
suggests that assessing the quality of students’
postings in online discussions and their impact
on the ongoing collaboration is an important
direction for future research. In closing, with
regard to this finding, we acknowledge a
limitation of this study to conduct a detailed
analysis of Groups 1 and 4, which appeared
less successful although they did not hold low-
quality initial postings similar to Groups 2 and
3.

CONCLUSION
Although our findings are tentative, demanding

replication, this study provides some new
insights that may inform the design and
instruction in online courses. First, planning
for student facilitation in online discussion, or
simply encouraging learners to pursue this
role, may have a positive influence in the
collaborative knowledge construction process.
Second, structuring online postings in terms
of content and monitoring/modeling high-
quality postings in the early stages of online
discussion may set the basis for learners’
engagement in the collaborative knowledge
construction process. At the same time, this
study calls for more investigations of student
facilita- tion and quality of postings in online
discussions that will enrich our understanding
of designing for online learning and provide
practical implications for online instructors.
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Neuroeducational research in the design and
use of a learning technology

Paul Howard-Jonesa*, Wayne Holmesa, Skevi Demetrioub, Carol Jonesc, Eriko
Tanimotod, Owen Morganc, David Perkinse and Neil Daviese

1. Introduction

The development of technology for learning is
one eld of innovation where the new dialogue
between neuroscience and  education is
considered closest to having positive impact
(Butterworth, Varma, and Laurillard 2017;
Howard- Jones et al. 2014; Royal Society
2011). However, it has been argued that the
successful integration of neuroscience into
educational thinking and practice requires
a so-called ‘neuroeducational’ approach
(Howard-Jones 2010) in which a transdis-
ciplinary collaboration between those working
in education and neuroscience assures optimal
outcomes in terms of scientific validity and
educational relevance.

The design of educational technology potentially
introduces another field of expertise and a
new set of issues, requiring the integration of
neuroscientific, educational and technological
concepts and understanding. Here, we argue
that this may best be achieved through a
design-based research process involving low-
fidelity prototyping and participant design, and
we provide a case study of our own [the design-
based research of a games-based teaching
app, ‘zondle Team Play’ (zTP)] to illustrate the
issues that can arise in working across these
three fields (education, neuroscience and
technology).

34 . _______________________________________________________________________________________________|]

2.Neuroeducational research and

educational technology

The last decade has seen something of a step
change inefforts to bring cognitive neuroscience
and education together in dialogue. This may
be due to anxieties over the ‘parallel world’
of pseudo-neuroscience (Dekker et al. 2012;
Geake 2008; Howard-Jones et al. 2009b),
but it may also be because of new insights
arising  from neuroscience with genuine
value for education (Howard-Jones 2007; de
Jong, Gog, and Jenks 2009; OECD 2007; Royal
Society 2011). Indeed, neuroscientists appear
increasingly willing to speculate on the possible
relevance of their work to ‘real-world’ learning,
albeit from a vantage point on its peripheries
le.g., Della Sala and Anderson 2012). Such
speculation often comes under the heading of
‘educational neuroscience’, a term that broadly
encompasses any cognitive neuroscience with
potential application in education. Accordingly,
its research basis may be characterised by
the epistemology, methodology and aims of
cognitive neuroscience. However, moving from
speculation to applicationis not straightforward,
since the educational value of insights from
neuroscience rest on their integration with
knowledge from more established educational
perspectives. Seeking meaningful relationships
between neural processes and the types of
complex everyday learning behaviours we can
observe in classrooms presents a challenge.
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One thing appears clear from the outset:
a simple transmission model in  which
neuroscientists advise educators on their
practice, or developers on their products, is
unlikely to be effective. Neuroscientists are
rarely experienced in considering classroom
practice, and neuroscience cannot provide
instant solutions for teachers. Instead, research
is needed to bridge the gap between laboratory
and classroom. To emphasise the key role of
educational values and thinking in the design
and execution of such a venture, researchers
at the University of Bristol have used the term
‘neuroeducational research’ to describe this
enterprise (Howard-Jones 2010). For both
scientists and educators, co construction
of concepts requires broadening personal
epistemological perspectives, understanding
different meanings for terms used in their
everyday language (e.g., learning, meaning,
attention and reward) and appreciating each
other’s sets of values and professional aims.
This boils down to having a dialogue about how
the different perspectives and their favoured
types of evidence can inform about learning in
different but potentially complementary ways.

In contrast to such authentic interdisciplinary
work, brief intellectual ligisons between
education and neuroscience are never likely
to bear healthy fruit. These flirtations may,
indeed, spawn further neuromyths. A typical
example of such myth-making is when synaptic
connections in the brain are used to explain
how we form connections between ideas.
This often involves a conflation of brain and
mind that allows some educational practices
to gain an apparently neuroscientific flavour
(research shows that explanations involving
neuroscience provide greater satisfaction,
even when the neuroscience is irrelevant,
Weisberg et al. 2008). In reality, however,
psychological theories about the mind are key to
understanding the significance of brain data for
behaviours such as learning; and association
between ideas is a well-studied psychological
concept that is currently impossible to study at
the level of the synapse.

Nevertheless, havingthisimportant conversation
about how different perspectives inform
learning is a first step towards a theoretical
framework for research at the interface of
neuroscience and education. This can help
us combine findings more judiciously across
perspectives to develop a better understanding
of learning. However, such an aspiration also
has implications for methodology. If there is
a genuine commitment to interrelate findings
from component perspectives, the methods
associated with these perspectives should be
adapted to better support such interrelation.
For example, qualitative interpretation of
classroom discourse can draw usefully on
neurocognitive concepts in the interpretive
analysis of its meaning. Some brain imaging
studies can contribute more meaningfully to
the construction of neuroeducational concepts
if they include semi-structured interviews of
participants, to derive experiential insights
about  their  constructs, strategies and
attitudes. In some bridging studies, judicious
compromise and innovative approaches
may help improve the ecological validity of
experimental tasks while still afttempting to
control extraneous variables. Perhaps most
unusually, researchers in the same team may
find themselves sequencing radically different
methods to collect biologi- cal, experiential and
social evidence as they attempt to construct
answers that, collectively, help span the social
natural science divide.

We believe that using such answers in the
design of educational technology requires
a similar process of integration. There is no
guarantee that a useful learning principle
derived in the laboratory and demonstrated in
the classroom will be enhanced, or even survive,
its implementation in a piece of software. To
ensure the best outcome, this implementation
must occur through a design process that
includes potential end-users li.e, teachers
and learners) and those who possess current
understanding of the principle’s scientific basis
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and the current limits of that basis. The need to
include users, particularly teachers, alongside
other types of specidlists in the design process,
suggests a participant design process as a
natural extension of the neuroeducational
approach. To illustrate the advantages of this
approach, we report here on the design-based
research of a web app, known as zTP, that
enables teachers to teach whole classes using
a games-based approach.

ZTP was developed iteratively with teachers
in five cycles of design, intervention, analysis
and reflection. The design process involved
a multidisciplinary team and drew on
neuroeducational theory, teachers’ insights
grounded in practical classroom experiences
and well-established design expertise.
We describe the process as design-based
research, in which users are equal partners
of the design and development team. Our
approach was closest to that described by
Facer and Williamson (2004) as ‘informant
design’, in which teachers are seen as
experts informing designers of key issues
related to their experience, helping to develop
early design ideas and testing prototypes in
development.

Inthis way, teachers had a critical role in shaping
the design with their insights, alongside those
with neuroscientific and design expertise.

3. Towards a science of learning games

The use of digital games and games-based
approaches to support learning, especially on
personal technologies such as smart phones
and tablet computers, has recently gained
prominence (Koutromanos and Avraamidou
2014; Richards, Stebbins, and Moellering 2013;
Whitton 2014). The outcomes of much games-
based learning research have been affirmative
(cf. Perrotta et al.2013). However, whether it is
possible to conclude that ‘studies have proven
empirically the efficacy of games-based
learning over conventional methods’ (de Freitas
and Maharg 2011, 20) remains arguable. In

fact, games-based learning remains relatively
uncommon in the classroom (Kenny and
McDaniel 2011; Wastiau, Kearney, and Van
den Berghe 2009). Candidate explanations for
this lack of uptake include the paucity of robust
evidence of the efficacy of games- based
approach to learning (Connolly et al. 2012), and
the attitudes of teachers towards the use of
games in classrooms (Bourgonijon et al. 2013).
Alternatively, it may be due to a simple lack of
individual access to appropriate technologies
in many schools (Games & Learning 2014). One
approach to addressing this last possibility may
be to employ interactive whiteboards, which
are widely available in UK schools (Hennessy
2011) and which may afford a games- based
approach to whole class teaching (in distinction
to the more widely researched games-based
learning). Using interactive whiteboards may
also offer teachers more direct control of the
games-based approach and may, therefore,
prove more acceptable (Grady, Vest, and Todd
2013; Jackson 2009).

Another candidate explanation for the slow
establishment of games-based teaching
and learning in schools may be the lack of a
principled understanding of related learning
processes and pedagogy. In fact, one line of
evidence suggests the development of effective
games-based teaching may arise from a
carefully considered interrelation of insights
from diverse theoretical perspectives: games-

based learning, pedagogical, classroom
praxis and neuroscientific
(Howard-Jones  and  Demetriou  2009).

Fresh insight regarding the brain’s reward
system provides a rudimentary basis for
understanding ‘engagement’  provided by
games (‘engagement’ is in fact a complex
construct beyond the scope of this paper, cf.
Whitton 2011). Our motivation fo win points ina
game generates signals in the brain’s reward
system that are similar to those produced by
our attraction to many other pleasures such as
food (Koepp et al. 1998). This activity involves
uptake of the neurotransmitter dopamine in
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the midbrain regions (‘dopaminergic activity’).
Primate studies show that a brief dopamine
‘spike’ will be generated simply by the
awareness that a reward will certainly be pro-
vided (Figure 1(a)) or when a totally unexpected
one is received (Figure 1(b)). However, with the
awareness that an uncertain reward may be
provided (i.e, when uncertainty exists about
whether a reward will be received or not),
there is a brief spike plus an additional ramping
up of dopamine until the outcome is known
(Figure 1(c)) (Fiorillo 2003). Overall, this results
in more dopamine being released for uncertain
rewards (represented by the area underneath
the lines in Figure 1), and this release peaks
when the likelihood of receiving a reward is
50%. This provides a potential neurobiological
explanation for our attraction to games involving
chance (Shizgal and Arvanitogiannis 2003) and
suggested the approach developed in zTP.

While humans also appear most attracted to
risks involving 50% uncertainty in games, there
is less attraction to this level of uncertainty
when it is determined by our own ability.
One study shows that the level of certainty
preferred by learners in purely academic
tasks is around 88% (Clifford and Chou 1991),
a much higher figure which is possibly due to
the implications of failure for self and social
esteem. However, working in the comfort
zone of high certainty may not fullyinvolve the
stronger motivational signals associated with
the type of dopaminergic activity observed
in games (Koepp et al. 1998; Weinstein
2010). This may also explain why emotional
response during learning tasks has been found
to increase when these tasks are integrated
into a chance-based game (Howard-Jones
and Demetriou 2009). Given that emotional
response can also support memory encod-
ing (LaBar and Cabeza 2006), we may also
expect experiences involving more emotional
response to be more memorable.

Combining learning with games of chance
offers a potential way of increasing reward
signals and learning, without threatening

reward
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Figure 1. Uptake of the neurotransmitter dopamine
generated in response to the prob- ability (P) of
receiving a reward,

esteem. There are many examples in sport
and in everyday life when success arises
from a combination of ability and chance, and
well matched competition (ie, with around
50% likelihood of outcome, such as a football
game) provides a highly engaging challenge.
Children, especially boys, appear to prefer
the inclusion of chance-based uncertainty
in learning tasks  (Howard-Jones and
Demetriou 2009). Importantly for education,
a positive relationship between reward
activity in  the brain and memory formation
has also been demonstrated. In an educational
game, dopaminergic activity due to gameplay
rewards was estimated (based on the extent
of expected gain) for each round. This signal
predicted the success of memory recall more
effectively than the size of the reward itself
(Howard-Jones et al. 2009q).

A previous classroom study has also shown
that mediating rewards for learning with
chance-based events can affect the discourse
around learning in positive ways (Howard-
Jones and Demetriou 2009). It tends to
encourage open motivational talk and allows
students to introduce a self-serving bias that
attributes  failure to chance (thus minimising
challenges to self esteem) and success to
ability. Most recently, an independent group
of researchers have extended investigations
of reward uncertainty and demonstrated a
clear link between increased motivation and
improved learning in response to uncertain
rewards (Ozcelik, Cagiltay, and Ozcelik 2013).
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The following key points arise from the
neuroscientific and neuroeducational research
for educational practice with learning games
and comprised the starting point for the
development of zTP

learning games can increase  student
engagement through inclusion of chance-based
components that increase the uncertainty of
rewards for learning (Ozcelik, Cagiltay, and
Ozcelik 2013).

The brain’s response to rewards can be very
brief (Bogacz et al. 2007). That suggests d
close intermingling of learning and gameplay
elements is needed for the gameplay to
support the learning.

Anticipation of an uncertain reward is likely
to generate a more extended window of
enhanced attention” or ‘teachable moment’
(Howard-Jones and Demetriou 2009).

Avoiding a loss does not generate the same
reward signals as a gain, suggesting d
generally positive scoring system may best
support motivation (Howard-Jones et al. 2010).

4. Design-based research process

Our design team comprised two academic

researchers (who between them had
experience in  neuroscience  research,
psychology, education and games-based
learning), two  postgraduate  assistants,

teachers from two comprehensive schools in
South Wales (hereinafter referred to as School
A and School B) and an experienced software
developer (Doug Lapsley at zondle).

The team used a design-based research
approach, simultaneously pursuing practical
innovation and theory building by means of
the iterative development of solutions in a
real world situation (Brown 1992; Cobb et al.
2003). The study did not seek to verify the
hypothesised role of neural processes. Instead,
it set out to build upon an understanding of
those processes, as derived from studies of

more controlled environments, by means of the
iterative design of an intervention (a teachers’
interactive whiteboard app) and its use within
the real world context of a conventional
classroom. In short, the study was exploratory
and developmental rather than evaluative. The
science of learning games outlined above
was the starting point for the first iteration
of what eventually became the app known
as zTP. After this, reflection on observations
and outcomes in the classroom were the
driving forces for developing both the further
design of the app and good practice. Rather
than a prescription for classroom practice,
concepts about the brain provided a useful
starting point for innovation and contributed to
a helpful framework for stimulating reflection
and understanding.

The process comprised five cycles of design,
intervention, analysis and reflection (the
final cycle is ongoing) and, for purposes of
analytical data triangulation, involved various
methods of data collection (observations,
video recordings, interviews and group
discussions, the balance between these
methods evolving from cycle to cycle). In each
research cycle, rather than evaluating the
intervention (by comparing its effectiveness
with non-gameplay approaches), we set out
to identify instances of apparent learning
gain as critical examples that could inform
discussions and reflection about pedagogy
and sub- sequent cycles. In the first and fourth
interventions, learning gains were ident- ffied
by means of a written pre and post test.
In the second and third interventions, when
we were focusing on a group with low-literacy
ability, we used a non written measure. In
the first four interventions, two digital video
cameras (facing class and teacher) recorded
the session, the video recordings being used
as a basis for subsequent discussion and
group analysis.

Informed consent was given by the parents of
all participating students. Accumulated insights
helped generate a fully operational app for
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the fifth iteration, which is currently the focus
of further laboratory based studies involving
neuroimaging.

4.1. Design cycle 1
4.1.1. Design

Based on the science of learning games outlined
above, the team developed a low fidelity
prototype game using Microsoft PowerPoint.
The presentation comprised a repeating
pattern of one to two slides of content, on
the topic of ‘reproduction’, followed by one
to two slides of multiple choice questions that
assessed knowledge of this content in which
each answer was labelled with one of four
colours. A ‘student response system’ was
also developed, comprising sets of four 15
cm square coloured cards (the same colours
as those used to label the potential answers),
hinged with tape, one set for each student. The
final part of the design was a television quiz-
style ‘wheel of fortune’, divided into coloured
sectors.

4.1.2. Intervention

The first intervention took place in School A,
with 25 students in a Year 7 science class
(mean age 11 years 6 months; 13 males, 12
females), and the assessed learning objectives
focused on the acquisition and recall of
knowledge rather than understanding. For
around 10 minutes, the teacher taught an
aspect of the topic ‘reproduction’ using the
PowerPoint slides to structure and illustrate.
The teacher then revealed one of the multiple
choice questions. To respond, the students had
to choose an answer and note its colour on the
PowerPoint slide, and fold their squares so that
that colour faced frontwards.

This approach to wusing multiple choice
questions in whole class teaching was so
far conventional. However, chance based
uncertainty, as suggested by the neuroscience
(Fiorillo 2003), was introduced to mediate the
receipt of rewards. Each correct answer was

rewarded with the option to receive a point,
represented by a counter, or to take a chance
and receive either zero or two points based on
a spin of the ‘wheel of fortune’. This became
known as ‘gaming the points’.

4.1.3. Analysis and reflection

Throughout the session the students, particularly
the boys, were observed to be engaged by this
novel approach to teaching and learning: they
were observed to be animated and clearly
excited by the challenges, absorbed in the
activity and enjoying the immediate feedback,
and attending closely to the teacher’s talk
(Whitton 2011). However, this first session
also highlighted how engagement does not
necessarily translate into learning (Whitton
2014). Mean scores out of a possible 14 marks
(with standard deviations in parentheses) for
pre- and post-tests were 4.6 (2.4) and 5.8 (3.0),
which represents only a modest improve-
ment (a Wilcoxon non-parametric  signed
ranks test showed that this outcome was
statistically significant: z = -2.82, p = 005, r =
-0.40). Nevertheless, the data helped identify
instances of apparent learning gain and the
outcome encouraged the researchers to
proceed to the next cycle of design.

All video recordings, in this and subsequent
research cycles, were coded informally and
iteratively by the academic team, focusing on
teacher talk (e.g., asking a factual question,
checking understanding, motivating, praise,
feedback and classroom management), student
talk (centred on the question, centred on the
gameplay, directed at the teacher, with other
students and suggesting engagement), teacher
actions (delivery of the content and game
elements) and student actions (attending to the
teacher, animation/excitement and attending to
the game). The recordings were also used to
stimulate recall in discussions with the class
teachers.

The video recording from this session revealed
that notable moments of heightened attention
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occurred when the correct answer was
about to be announced and the wheel of
fortune was turning: in other words, as the
students were about to find out whether they
would gain some points. However, this meant
that the attention of the students was mostly
on the game rather than the learning content.
In addition, the teacher tended to indicate
the correct answer quickly and first, such
that the putative ramping up of dopaminergic
activity was not being fully exploited for
learning. Accordingly, it was clear that, if any
engagement fostered by the gameplay was
to be of educational value, greater effort
would have to be made to ensure the learning
content was more closely associated with the
gameplay.

Nevertheless, although least successful as an
intervention, a great deal was learned from this
session. For example, a post interview with the
teacher confirmed that, because they needed
to divide their attention between game hosting
and teaching to teaching, this novel approach
to teaching adds to their cognitive load rather
than reducing it. Also, while the conventional
scaffolding strategies remain  crucial  to
learning (e.g, checking  understanding
through verbal exchanges or providing hints
that focus minds on relevant content), it was
clear that they can easily be forgotten in the
heat of the game. If not harnessed correctly, the
excitement of the game can distract students
and teacher from the learning rather than help
them engage with it.

In summary, this first design cycle suggested
that if the approach were to be successful the
teacher needed to implement three principles.
They should

(1) give the students time to consider their
responses before revealing the correct answer;

(2) give support to help further the students’
understanding of the learning content when
they were answering the questions;

(3) discuss potential misconceptions as the

answers were being revealed (e.g., 'If this was
your answer, you may have forgotten that ... . "),
so that those who answered incorrectly could
receive additional instruction during this brief
window of apparent heightened engagement.

4.2. Design cycle 2
4.2.1. Design

Inthe second iteration of the design, a new topic
was chosen. The content of the PowerPoint
slides focused on the understanding, rather
than the recall, of the grammatical concepts of
noun, pronoun, verb and tense. Otherwise, the
design was unchanged (the student response
system and wheel of fortune, for example,
were as before).

4.2.2. Intervention

This second intervention took place in School
B, involving an experienced teacher of literacy
and a Year 9 group of 12 students (mean
age 13 years and 7 months; 8 males and 4
females) receiving additional support for
literacy. At the beginning of the session, this
low-literacy group undertook a pretest of five
guestions, focusing on their understanding and
application (rather than their knowledge) of
grammatical concepts such as noun, pronoun,
verb and tense. The outcomes were later
used to identify instances of apparent learning
gain, with responses within the games-based
session being compared with responses in the
pretest.

In most respects, delivery of the game followed
the pattern of the first intervention. However,
based on the previous outcomes, in this
cycle there was a greater emphasis on the
educational content rather than the gameplay
(with three to four slides of content followed by
the one to two slides of questions). In addition,
the teacher aimed to implement the principles
derived from the previous design cycle.

This second intervention infroduced a further
development based on neuroscience research,
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this time around the relationship between the
brain’s rewardresponse and social context. This
research suggests (i) a link between midbrain
dopamine  uptake and the expectations
generated by recent history (Schultz 1998) and
(ii) that the maximum uptake is proportional to
the maximum reward available in a context
(Nieuwenhuis et al. 2005). Drawing on this
research, in this second intervention, the
teacher was encouraged to increase gradually
the number of points available for each round.

4.2.3. Analysis and reflection

The mean of pretest learning scores was 53%,
and mean scores during the game (which
used questions of similar type to the pretest)
was 65%. Although stdtistical analysis was
inappropriate (the sample size was small and
the answering of questions was occasionally
supported by the teacher), the data again
helped identify instances of apparent learning
gain, with a clear example of four students
who failed some pretest questions but who
answered correctly similar questions during
the game. The discourse that appeared to
prompt this highlighted how the additional
engagement that the game was intended
to provide may be used as an opportunity to
scaffold students’ learning.

The video recording revealed that there were
also several instances of the teacher checking
understanding and praising it, and of students
being supported as they were answering
questions. Generally, however, the teacher
was disappointed at not being able to apply
consistently the three teaching principles
arising from the first iteration. Although an
experienced teacher, she found that the game
format of the lesson made additional demands
on her management and thinking processes
and took up time (e.g., giving out counters and
moving back and forth between whiteboard
and wheel of fortune).

Nevertheless, the students were observed
to be highly animated and engrossed

throughout the session, with the continual
raising of the stakes appearing to help maintain
the students’ excitement and motivation to
participate (while possibly also reducing the
likelihood of engagement being diminished by
expectation). The increasing stakes also made
the final outcome even less predictable, since
later rounds had more influence on scores
than earlier ones.

The chance based outcomes also appeared to
generate emotional teacher- student empathy
whatever the outcome, suggesting that games-
based teaching may change the emotional
content of teacher-student exchanges. When
outcomes arose through chance, the teacher
could acknowledge failure as expressively
and as strongly as success. This may make
for a more authentic sharing of emotions than
afforded by the conventional classroom focus
on the positive. There was also, for example,
some rejoicing when someone else in the class
failed to win points. A recent fMRI study, carried
out in order to provide insight into such issues,
revealed that the reward response to our
competitor is related to their losses (Howard-
Jones et al. 2010).

4.3. Design cycle 3

4.3.1. Design

The third iteration focused on reducing the
demands on the teacher by automating part
of the game (that is on classroom pragmatics
rather than neuroscientific theory). A purpose-
built macro for PowerPoint was developed
(Figure 2). While students still gave their
responses using coloured cards, the macro
adllowed the teacher to record on-screen the
students’ responses to questions and their
decisions whether or not to game their score. It
also included an automatic flashing light version
of the wheel of chance that automatically
recalculated the scores. Although technology-
based, we would still describe this prototype
as low-fidelity, with minimal functionality and
graphic quality.

41
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4.3.2. Intervention

The third intervention involved the same
participants as the second intervention,
studying another set of grammatical concepts:
adjectives, adverbs, capitals and full stops in
sentences, commas and speech marks. This
time, however, participating students were
divided into pairs and competed as six teams,
in order to give an opportunity for additional
collaborative and constructivist dialogue to
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Figure 2. Screenshot of PowerPoint with additional
interactivity for gameplay pro- vided by a small
macro programme.

support learning. The teacher again aimed to
implement the teaching principles identified
earlier and also was encouraged to adopt
a new strategy to take further advantage of
the supposed ramp in dopaminergic activity
(based on Fiorillo 2003): revealing the incorrect
answers, and explaining why they were
incorrect, before revealing the correct answer:
that is to say, while the students were most
attentive as they waited to find out whether or
not they had been successful.

4.3.3. Analysis and reflection

The mean of pretest learning scores across
teams was 39%, while the mean scores during
the game were much higher, at 80%, broadly
suggesting that some learning had taken place
(although, for the same reasons as before, stat-
istical analysis was again inappropriate). An
important outcome of introducing a technology

that removed the need to manage counters
was a four fold increase in student-teacher
interactions, of which a higher proportion were
related to the learning content. Initially, students
responded in brief to teacher questions. After
around 10 minutes, exchanges grew in duration
and complexity, concepts and principles were
discussed, and students offered unprompted
examples and asked questions to verify
understanding.

In the post-interview, the teacher indicated
that she was much more positive than in the
previous cycle. She felt she had been able to
focus more on the teaching and was delighted
with the level of engagement that she believed
the game had helped create. In addition, she
noted that students had shown signs of inde-
pendent thinking about the principles, and
that the discussion became more spontaneous
as students made unprompted contributions.
Meanwhile, the strategy of revealing incorrect
answers before correct answers appeared
to increase further the students’ attention.
The video recording revealed that the intense
engagement was particularly evident for
several students who became increasingly
animated as the teacher scrutinised each
incorrect option in turn, taking full advantage of
these key ‘teachable moments’ (as suggested
by the notion of dopaminergic activity) while
building up the tension unfil the correct
answer was finally revealed.

4.4. Design cycle 4

44.1. Design

The fourth iteration used undltered the
PowerPoint macro (including the automatic
flashing light version of the wheel of chance)
and coloured cards developed in the previous
cycles. A new topic area was chosen (the
evdluation of plastic products).

4.4.2. Intervention

The sample was a mixed ability Year 10
Design and Technology group (in School Al
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comprising 9 students (mean age 15 years
7 months; all males). The teacher believed,
based on their knowledge of the students
and their own professional experience, that
the students would benefit from independent
and constructivist learning opportunities.
Accordingly, the intervention  approach
was slightly revised. General concepts were
presented at the beginning of the lesson,
without the on screen interface, and discussed
with the students. Then, working in teams of
two (comprising four pairs of students and one
student supported by a classroom assistant),
the students used notes provided by the
teacher to support discussion, knowledge
construction and joint decision making. After
12 consecutive game rounds, involving the
flashing light ‘wheel of chance’, notes were
removed and the students faced another 12
rounds. Incorrect responses to the questions
were used to identify potential issues with
understanding and these prompted additional
explanations from the teacher and teacher-
student discourse to scaffold learning. This
change in approach was mostly a response
to the needs of the particular learning context;
and its implementation drew attention to how a
games-based approach to teaching, like other
types of teaching, is situated in contextual
issues such as group dynamics, ability, level
and topic.

A pre and post test required the students to
choose an appropriate type of plastic with
which to manufacture a specified product,
by recalling and correctly applying principles
discussed in the session.

4.4.3. Analysis and reflection

Mean scores out of a possible live marks (with
standard deviations in parentheses) for the
pre and post tests were 1.3 (0.8) and 3.2 (1.3)
(despite the small sample size, a Wilcoxon non-
parametric signed ranks test showed that this
outcome was statistically significant: z = -2.49,
p = 013, r = -0.89). The difference in the mean
scores represents d large effect size (Cohen’s

d = 2.18) which, and despite the inevitable
confounding variables, suggests that some
learning was taking place. This was reaffirmed
by the teacher, who in the post interview
argued that the students had achieved ‘good’
levels of understanding.

Student talk during the session included a small
number of queries to the teacher, publicly
expressed gameplay talk (boasting, teasing
and joking] and many furtive utterances as
they quietly conferred with their partner. The
conferring (when it was audible in the video
recording) was chiefly about learning content
and gameplay strategy. Often, during these
exchanges, students maintained their visual
attention on the teacher and question displayed
on the screen at the front of the class, as if
trying to conceal their conversation from the
rest of the class. When announcing answers,
the teacher reveadled incorrect answers
first in order to exploit the window of
attention or ‘teachable moment’ created by
anticipation. Both quiet conferring and public
exclamations indicated close  attendance
to this information. There were several
occasions when the teacher’s talk slipped into
something resembling that of a television game
show host. This appeared to generate more
excitement, working up the emotions of the
players, sometimes gentle goading, sometimes
a voice of caution or comfort.

Those who were not in the lead towards the
end of the lesson took all opportunities to game
their scores, as their chances to win without
doing so dwindled. Other strategies included
teams avoiding giving away answers by hiding
their response until the last minute, by not
putting it up or covering it with their bag, etfc.
Some went as far as beginning with an answer
they knew was wrong and encouraging others
to see it, before changing it at the last moment
to their chosen response. This prompted the
researchers to consider the potential benefits
of an electronic response system instead of
the coloured cards. This may allow responses
to be covert until all students had committed
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themselves, so preventing plagiarism. It would
also reduce the time taken for responses to be
collected and liberate the teacher from some
of the remaining administrative tasks that
teaching with the game involved, allowing the
teacher to focus their attention more entirely
on the teaching.

4.5. Design cycle 5

The fifth iteration of this games-based
approach to teaching involved the colla-
borative design of a web app, in association
with the developers of a games- based
learning platform, ‘zondle’. The app, known as
‘ZTP’ (Figure 3), was itself designed iteratively:
it was based on the low fidelity versions
discussed above and scaffolded by a series
of conversations between this paper’s lead
authors and the developer. No additional
neuroscientific insights were incorporated.
Instead, the adim was to make the app robust,
easier to use and more widely
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Figure 3. The main screen from the app ZTP,,
showing a question about the Tudors

available than the low fidelity prototypes. The
alpha version of the web app was further
mediated by extensive feedback from users
both in the UK and from overseas (including the
USA, Crodtia and Australia). The app is freely
available on the developers’ website (www.
zondle.com) and is discussed in some detail in
Howard-Jones and Fenton (2012).

zTP was designed to be used on any
interactive whiteboard (or with a computer and
projector) that has internet access. Teachers
can import their PowerPoint  slides info
the system and can write appropriate
multiple choice questions. Alternatively, they
can use and, if they choose, amend any of the
more than 12,000 zTP topics written by other
teachers and currently on the system. The app
provides a way to allocate answers to teams,
automatically allocates and records points, and
includes a wheel of chance that can be started
by a student swiping the interactive whiteboard.
Finally, students can interact directly with the
app by using any mobile device or computer
with internet access [much as if using an
electronic response system), enabling students
in different locations to compete in a single zTP
session (e.g., a class in Croatia and a class
in the USA have competed in several zTP
sessions, which has led to further collaboration
between the schools involved).

Examples of suggestions made by teachers
who used the alpha version of the app, which
were incorporated into the current beta version
of the app, include showing a thumbnail of the
current learning content slide (to help orientate
the teacher), the ability to switch the interface
left to right (so that teachers can easily interact
with it whichever side of the display that they
prefer to standland the ability to hide answers
given by the teams until all the teams have
answered (tfo minimise teams copying each
other). Anecdotal evidence for the playability,
practicality and effectiveness has so far been
positive: ‘it was insightful watching the children
in different groups listening to their thought
processes and how they decided on their
answers’ (Hallybone 2012). However, zTP is
currently the focus of further laboratory-based
studies, including the use of neuroimaging,
which will be reported later.
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5. Discussion

5.1. Pedagogy and classroom praxis, not
just product

The development of zTP has shown that there
are potential benefits from a games-based
teaching app grounded in neuroscientific
research. However, it has also highlighted
the importance of simultaneously developing
an understanding of how such technology is
best implemented, including the associated
pedagogy. Such implementation and pedagogy
were informed by the participants (the teacher
and student experiences) but also by considering
the scientific principles involved. This, perhaps,
is true of other types of educational technology
but in the case of novel approaches informed
by neuroscience there may be a special case
for ensuring transdisciplinary construction of
associated pedagogic principles, given the
distance between biological and educational
perspectives on learning.

Construction of pedagogical understanding was
not simply important for the implementation
of the app, but also fed back into its
design. The implementation of our low
fidelity prototype allowed us to understand
the potential importance of the teacher
scaffolding learning just prior to students
gaming their points through a combination of
educational insight (feedback from teacher and
students in the classroom) and neuroscientific
understanding (in terms of the ‘ramping up’
of dopamine shown in Figure 1(c), Fiorillo
2003). This insight influenced how incorrect
answers can be revealed in the most recent
ZTP version. As students were expected to
be highly engaged (attentive) during this
period, incorrect options disappear as the
teacher touches them, allowing the teacher
to provide a structured dismissal of these
options as they talk through why each one
is incorrect. Another example was the need
for the teacher to be able to raise and lower
stakes spontaneously through the game. Again,
this arose through a combination of educational

insight and neuroscientific understanding (in
terms of effects of the points available on
midbrain dopamine response, Shizgal and
Arvanitogiannis 2003). Thus, a convenient way
for the teacher spontaneously to raise the
stakes in each round was introduced into the
design. Our process dllowed pedagogy and
product design to come about together and
inform each other’s development, supporting
the potential for their optimal interrelationship
in the classroom.

5.2. Demand push, not just technology
pull

Working with low fidelity prototypes prevented
trends in technology, the ‘lure of the new’, from
dictating the design of the outcome. Instead,
having been based on current neuroscientific
understanding, this technology was then
shaped by the needs and wishes of teachers
and students (rather than by, for example, the
capabilities of conventional audience response
systems or the immersive approach of much
games-based learning).

5.3. Translating neuroscientific principles
to the classroom

There were a large number of usability and
pedagogical issues encountered during the
design of zTP (e.g., how to show the next content
slide to the teacher without showing it to the
students, how to prevent students observing
and copying each other’s responses and how to
allow the teacher to work through the incorrect
answers before revealing the correct answer
to take advantage of the ‘teachable moment’).
These issues were dll addressed by referring
back to the original neuroscience research to
inform the learning principles, the feedback
of the teachers and students to confirm the
pedagogy and classroom pragmatics, and the
experience of the research and design team
to determine the final implementation. This
approach appears to have been successful,
and it highlights why
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attempts to generate technology on the basis
of sound neuroscientific learning principles are
unlikely to come to fruition in the classroom
without a participant approach to design.

The design-based research process described
above allowed us to combine the neuroscience
and educational insights, to identify and develop
both an effective piece of technology and the
pedagogy required to implement it. Our design
process did not set out to evaluate the general
educational value of principles which had been
studied in the laboratory and through quasi-
experimental classroom studies. Nor are we
able to make claims about the efficacy of this
teaching game compared with other types
of teaching strategy. We do, however, claim
that it emphasises the need for technology
based on neuroeducational concepts to be
developed using a similarly interdisciplinary
approach as should be used to develop the
concepts themselves.

Finally, we are pleased to report that, to date,
more than 35,000 zTP sessions have been
played by users from more than 30 countries
worldwide. However, we should emphasise
that the present and all future versions of zTP
will always be limited by our current state of
scientific knowledge, which grows daily but
will always be partial. Certainly, at the time
of writing, many fundamental scientific and
educational questions still require further
research, such as the exact mechanisms by
which midbrain dopamine accelerates learning,
how the games-based approach may work if
used over extended periods and how suitable
it may be for different contexts (such as those
involving different abilities, age groups, topics
and gender). We look forward to tackling and
reporting on these and other issues in the
future.
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