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Abstract

Online 3D worlds can make a significant contribution téZKeducation. More and more
studies point to their pedagogic value and advocate their inclusion in the curricstuas
to support everyday educational practice in an innovative way. The studies focus on

discovering ways of turning such environments into more efficient pedagogic tools.

At the same time, there are many studies which seek ways of implementing effentine
collaborative learning (Comput&upported Collaborative Learning CSCL) and they
therefore investigate factors which influence this type of learning. There are many as yet
unresolved research questions which necessitate further study and rese@ihehpresent
study focuses on the creation of an online 3D environment (CoSy_World) and the creation
of suitable pedagogic conditions within this environment so that it can provide the basis for
a wellstructured collaborative learning experience for tilseibject of Mathematics in

Primary Education.

The current Doctoral thesis looks into student engagement in collaborative learning as a
factor influencing its effectiveness. Student engagement in collaborative learning is
explored through its three dimensis: a) behavioural engagement b) emotional

engagement and c) cognitive engagement.

There were two Experimental Interventions with students of th8 Grade (first
Intervention) and students of the"6Grade (second Intervention) of a Primary School in
Attica. Each intervention lasted 9 weeks and the students (represented by avatars) met
online in the 3D CoSy World four times in total. The research method used was a
sequential exploratory mixed method through which we first collected qualitative data, out

of which we then identified qualitative and quantitative criteria and indices in order to
evaluate the results. For the data collection we made use of a range of sources such as chat
messages from the software log files, videotaped recordings of the omlawtings of the
avatars in CoSy World as well as the questionnaires distributed to students after each
Intervention. The qualitative analysis was made on the basis of a range of methods and

with regard to the statistical analysis we used fgarametric ctieria.
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From the first intervention, it was evident that both the recommended CSCL script and the
3D CoSy_World played a significant role in enhancing student engagement in the process of

collaborative learning in Mathematics.

The second Intervention wasrried out in order on the one hand to confirm the reliability
and effectiveness of the 3D CoSYorld and the CSCL masesoript in enhancing student
engagement in collaborative learning and on the other hand to look more deeply into the

extentofthestiRSy 1aQ Sy 3aF3aASYSyid Ay (GKS LINROSaa 2F O2f

The two Experimental Interventions and the comparison of their results have led to useful
conclusions regarding the utilization of 3D CoSy_World in conjunction with appropriate

pedagogies in thdaily educational practice.

They have also led to the formulation of useful conclusions for the research community

focusing on related areas since the present study:

a) Proposes the creation of specific pedagogic conditions within a 3D virtual learning
environment focusing on the need for proper planning and the utilization of properly
structured activities in 3D environments.

b) Offers an innovative research approach which combines the application of a-macro
script together with a 3D virtual world, whilat the same time combining the positive
features of 3D virtual learning environments with the advantages of collaborative learning
as well as the basic tenets of Mathematical Education. In this way, it highlights the need for
further research in relatiomo how a 3D learning environment can be utilized effectively in
the context of collaborative learning.

c) Attempts the creation of the online 3D CoSy_World and its utilization in the teaching of
Mathematics in Primary Education, suggesting the need fahéun study and research of

3D virtual learning environments in the teaching of various subjects.

In addition it makes recommendations about the educational design of 3D environments
and presents empirical data related to the degree of student involvantegollaborative
learning in the subject of Mathematics at Primary School level. Finally, it outlines a number

of recommendations for further research.
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[h>h e B ARSI _ 8 <Y =YY A o Looh e s )
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e ¢  THinkinpAloud PairProblemSolving-¢ ! t t { Ow _¢"hed™ ' Jg'> h (Think
PairShare- TPS) (Dimitriadist al., 2003;Hernandez_eoet al., 2005).
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ATOHO 1} apXIKEG OPADES

(individual or initial groups)

ATtopo 1} opdda

®AZH 1: Elcaywyn,
OPICPAG apXIKWV OPAdwY
(initial group),
dpaoTtnpIdTNTa OF

aTopIKO ETTiTTEDO
(individual)

/,‘»\"ﬂ/l

. Tty

Exmraideutikdg

A

4B

O EKMalSEUTIKOG EVNHEPWVEL TaL avatars yLa:

(Jigsaw)

/ O eKTaIBEUTIKOG QAZH,t EvniEpwan i

OXETIKG pE TNV
) TTPOCOOIWaN Kal
O - . - ! T0 TTPOG £TTAUON
Evnuépwon TpoRANua
(Information) A
(Simulation) Topd -
. ®AZH 2: MeAémn
/ O exmaideuTikdg ToU POAOU K

o

A7)

KaBopiopog poAwv g/ v

CoSy_World)
- TNV Mmopeia toug otov 3D KOOMO Kal Ta KaBrKovid

OXETIKA €§doKknon

0 Ta€LLWTIKOG TPAKTOPaC)
- OUVTOVITEL, EMOTTEVEL, EVNUEPWVEL, KaB0SNnyel

(elvau

Vv mpocoupoiwon Kot to Tafidt oto omoio Ba
ouppetéxouv (Sivovtag yevikég mAnpodopieg yia
TO KUpLo TPOPANpa mou eival «EEepelivnon tou
CoSy_World kat katavonon Bootkwy pobnuatikwy
EVVOLWV)
yla TO pOAO TOUG

Tafldlwteg  oTov

Toug (emiAuon empépouc mpoBANUATWY)
O EKMat8eUTIKOG:
- avaAapBavet tov poAo tou otov CoSy_World (givat

(Rples d_eflnmon) Apaoctnpiétnra 1:
(Simulation) , g , .
ZulTtnoNn OXETIKA LE TNV TPOCOMOLWoN, To Taidt, TIg
8paoTNPLOTNTEG KaL TNV Aoy apxnyol opasdag
Nopot: CoSy_World
Ynnpeoieg: chat
1-" 848y | _h4" " mY ' hagh . "¢ " As (Botvétwl 2 NI R
2012).
1 . ‘w<<h T avatars' h AR A" 8T A “h Ah hA_h<c<hy
>s ' A s >7 8 'COSYyWorldSh YA T h Tt T s F T vh
1 ¢ B A T v A t < B . A E Tt w Y - ~
h - ¢ 1 " hy Yosw - h ¢~ ¥ Lo h A ¢ h ¢ ‘ h
1 B h > B/\h‘ v' ¥ n hD’n>'¢ "A " CC hY t"\)s 4 'hic'< /\_5"/\" 1.0\ Jh_ [
~ A h > h C _ A YA _"]h >"h nC‘h 1B A
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"l <t >hd pw h o hT Hvatarg h_ Y AL T R CoSYWorld, s TA a

h ., 7Y Aahfh h Ah ~ v Y A A ¢ h h A" " 0 j h >t
rh_h _‘ ,{‘{ﬁl:(’ﬁ'_Bif'hv‘_ﬁ“‘_"hﬂng),v"" {," ¥ >h | B o)
E - ' 6¢w- YA h': v Lhv™ 1t h s T he Y g chy A
K- < Y A Sh ' S>h-"¢Rs"3WAX" >SIhh h -~ h>> >~ p
-y ' A >B A h v’ 1 " h > A h Yyt e Y AY S ¢ B
E§epeuvwvtag tov CoSy_World kat Katavowvtag Bactkeg LodnaTlKEG EVVOLEG
DAcELG TWV OTPATNYIKWVY Jigsaw Kat ITpatnywKeg Jigsaw kau Mpocopoiwong otov
Mpooopoiwong CoSy_World (2tadio 2)
, F ® O @ @
! ®AZH 2: oXNuaTIoPOS '/{A 2AY /3AN 13
O OHABWY EIBIKWY (expert 1<
roups), CUVEPYATIK
Opadeg €10IKWY groups) ; By f‘l' [?/Q\RX
dpacTNEIOTNTA OXETIKG é\
(expert groups) X 1§\ 2§\ 3 4
(Jigsaw) ME TO UTTO-TTPORANHA Teacher T
KaBe avatar epnAéketal os:
-ZUVEPYOTIKN §paaTnPELOTNTA VLo TO EMIUEPOUG
MPOBANHa
-Ouadeg mpooopoiwong (HKPES) oav TALSLWTES
-Opadeg e8IKWY
/ DAZH 3: MNpoowpoiwon Emiong,
i OF HIKPEG OpAdES KaBe avatar oulntd pe avatar GAANG opnddag
O 1| (rt.x., 2A ko 2B) Kot mxeLpoUyv va emtAUoouy to i6lo
Simgroups pOPRAnpa ou adopd otnv eVPECN TOU
(Simulation) oLKOVOuLIKOTEPOU TaéLSLou (expert sim group)
EKMal8€UTIKOG:
- oUVTOVILEL, emomTeVEL, kaBodnyel
Apaotnplotnteg 2,3,4:
“Ta&ibL oto Kaipo”, “Ta&idL otnv Apxaio EANGda”,
“Ta&ibL oto 2040”(Eniluon Mabnuatikwyv
TPOPANUATWY TEGCAPWYV TIPAEEWV)
Mopou: CoSy_World, dpUNa epyaciog
Ynnpeoieg: chat, Web
(6paotnpLotnTeg)
1 - "349 _ht 7 HY 1 _° _hvsShrp €T T TBE ST K LA
etal., 2012).
J havatarsh = * " A 7 >h L hgvafars >'hy 7T >l h by Lt >h Ty T
T>hos _ o+ A Lsim group® dA noEP<w s " A _h Ts TN
1 h * ">wh b - ¢ V'V’B,f.'h <<w ! Y AAWgLSEB * h |
1;5{ h > B/\h‘ iV > rl,hD’n>"’CJ'"/\'¢Ch"'r B’\)s "<t'h1<‘<“"/\_|s"/\ 1 o\ B Jh_ c
~ A h > h C _ A /\J’ _"jh >"h nC‘h 1B
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‘h BT <w iy T AT YVECOYAY S ¢ B avatary * i<'<@ 1t ¢k ¢
TSt T, s . athoowah Tt oAt hovexpeftsinigloupQ w T
M >" >h M I B A" C B - ""’A‘Bj’<"éjvh/\h"h""’ h ¥
_hV’{'h()CDI_' AW, 8" h ¥ _h yB‘JfaV’atarg>w5‘¢,‘w_"‘/\
chat¢ h * <7 >hy "’ T, h oy T A lavatarh -~ " A _ 7" T 7T T 0T A
K ¢ - 7Y ., T B’ h ¥ B¢~ h*' 1 B ¢ *™¢'h YA h 'y ~™h hwwt 17 LA
h A A L ¢ h h A SN Y
rh_n ' V"¢ g ohy w1 th v’ g A h = h v gt F
01:">h odpnv
E€epeuvwvtag tov CoSy_World kot katavowvtag BaotKEG LoONUOTIKEG EVVOLEG
DAcELG TWV OTPATNYIKWY Jigsaw Kot ZTpatnytkeg Jigsaw kau Mpoocopoiwong
MNpocopoiwong otovCoSy_World (Ztaduo 3)
| o] @] [@
—T{IPA PN
L1 Iiir ®||'®
®AZH 2: oxnuatiopog ﬁ /g\
opadwv €1dIKWV (expert
g ( p Teacher 1§\ 2 Aé\ -
- 5 groups), CUVEPYATIKI)
OHaReE SIOKLIY OpaoTnPIOTNTA OXETIKA
(expe_rt groups) pr f]: 1:] )\X KaBe avatar epnAéketal os:
(Jigsaw) e 70 Ume=Trpcpania -Juvepyatikr SpacTNPELOTNTA YL TO EMUUEPOUS
TPOPBANHa
-Opadeg mpooopoiwong (UKPEG) oav TAELSLWTES
-Opadeg eldikwv
Emiong,
Ka&Be avatar oulntd pe avatar GAANG opddag
/ ®AZH 3: MNpoowpoiwan (r.x., 2A kot 2B) ko EMLXELPOUV VA ETUAUCGOUV TO 1810
; OE MIKPEG ONADdES EMUEPOUC TTPOPRANUA (SpaotnpLotnteg) mou adopd
O ==. OTNV KOTAVONON CUYKEKPLUEVWY BOCLKWV
Si < KAQOMQTIKWVY EVVOLWV (expert sim group).
im groups .
(Simulation) Exmat8euTikog:
- ouvtovilel, emornteVel, kabodnyel
ApaotnpLotnteg 5,6,7,8:
-oto Kadeveio
-oto Neiho
-otn BiBALoBnkn
-6imAa otnv Mupapida
Mnyég: CoSy_World, 8pactnplotnteg
oto Hot Potatoes, U\ epyaociag
Services: chat, Web (6paotnptotnteg)
1 - "&50 4 "7 o T4 hviIUTT T > [Boutaetal, 2042). 4 1 ¢ - A
'lAB{’h"Z B/\h‘_‘v‘z n’thnjchv"A'thVI, B’\)s "'4'h1<'<“"/\_|5"/\|'-1‘m5 Jh_ c r h
_‘/\rh“>h_ C _ A _'/\J” _"jh >"h nC‘h 1B

143



1.~ ' >¥avatars’ _As 7_uhhy T A ht Rt TR oexpertsim vy s 4 h
goup) = _h>h Y A s 4t h Y7 h >w ¢ h° B¢ B < A

- - ,

“/\‘{WV/\ h * >-B,l_m -¢'<Vh*‘¢>'h"_‘hv A b _{H"h>.5£\

m'h ThhiEt>h Y QLU SPLEN SIS hph o, swAEsTT AN 8T < ok

{'h‘_""_'_sl "" “/\{WV/\_h' > B “J(.‘B(f">W/\h
h=" _ s <s’  hvatargdM ¢_h0 MWy W AR ms T h Y
{’h‘_""_'_sl "" “/\{WV/\_h‘ > B _" ¢ <h > >h MK |
havatarsH 5 ¢ h° Hwy =~ " wo s’ AN > AB a1 R Y A Ch A h
TUALWT A bt o>E Y G <cht>h MKHE S ®<T OO® g4 h T
¢s>h A "2 _Choy 7Tt h ¢ h- < Y >"_ A T
Y1 S BC T U SWAY 4t R ">h o

hitp:11195 251 226,240 8080/Cosy Travel | W]

Avrigoa va kivouv ol apiBpoi 3,4

207775777 75t??

21 Ta pe 10 voUuepo 2 oy opdsa Toug o va apiBol AvTioTona TarMaouy exred KA Egouy Tradid omig
SpagTpidTreg pe To! guvéyea va Kivou Tig 3, 4

ZEXAZATE TO NOYMEPO! KYPIA

Ge7? 77 077 e7ste s7ue?a

1 - " 88 "> - T Lt IAE S 3 h W SE Y aphh o sas Y
A ¢ h > B A ¢ h h At v ! WAAT " h ¥ ¢ <h
[w<™ 5 ¢h _h o w' hy R ETEY R ShTL s >SN Ty 9T > L
jigsaw- jigsawsimgroupsy =~ Yy " _ T A T .o U Ch o >Eq . "'38R).E > 8" 7 7N
rh‘aVatarB >‘<W¢5_h' o ‘\y"_' ot > AC h_Bh" $1h<{<|sh‘ S>Swo<!
T > Yjigsaw- jigsawsimgroup®) ® h _h " 4 Ay R h >w
1 .84 h" "5 BAMT _v' s p, hDRS TN @R g <A A ) o T4 h e ¢ h

B S S L S S (R L A L« H LT U I
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¢ h ‘jigsaw sim group ~ © w T 8 " A D oS Y A
B P Tt h - Y] «" >h h &P m‘h ~ h h | B >h ¥
-7 w ot A D h =Y h > > A 1" h ¥ - Y " h > w w > B
€T >>h ot 67 h % - h cht o< >
-7 Y h s B h AR <Y h[@h “~ h "(ht hh sGhsx” BA € IRy
¢ h* B"LB‘"’,AO’Ih?\h’B_‘f’;{Eh‘hﬂ)q:;':fjavatar_s"h’ A
>w 7Y B >"' h 1B A€ _5" ‘a\‘/at,arsh_/\'_‘h‘q'p(hl‘_"" A hy‘"_
.8 " C hCoSyWorld © M BEAY >8 7 AN A>T 07 >Hh L >w<!
T Y > Yjigsawh t D .8t ©h >6 o wsh?®*ha " YA
-y 1 h * v ' B -y Al WY A h A > B h ¢
h A A _ v A t N _ n I _ 1 { t h ‘l t <I‘ h > h ¢
E€epeuvwvrag tov CoSy_World kot katavowvtag BactKEG LOONUATIKEG EVVOLEG
DACELG TWV OTPATNYLIKWY Jigsaw Kot Ztpatnyikég Jigsaw kai Mpocopoiwaong otov
MNpocopoiwong CoSy_World (2taéio 4)
®
®AZH 3: oxnuarnopodg
' / opGBwY Jigsaw AA 2& AB 2§\
B (Jigsaw groups),
@ K e ® o o
dpacTnPIOTNTA OXETIKA
Opadeg Jigsaw HE TO TTPOBANMA Kal
(Jigsaw groups) 1NV TeAIKA Tou £TTAUGH Q /{A 3 1§\
EkTTaideuTikOd
KaOe avatar:
- OUMMETEXEL OE PEYAAEG OPASEG Tpooopoiwang (oe
800 jigsaw sim groups)
®AZH 5: Koworroinon -ou(ntq mv EuTtElpLCllTOU otov CoS\'/_\'Norld
O TWV GULTTEPAO ATV -0ulNTA yLaL TLG BAOLKEG HABNHATIKEG EVVOLEG
yia TV emiAuon Tou -KOWOTIOLEL 0TA GAAQ PEAN TWV OMASWY OXETIKA WE
mPoRARUATOG TO TL époBav amod TNV €UNMAOKN TOUG oTnV €milucn
TPOPANUATWY KAl EKTEAWVTAG SpAoTNPLOTNTES
EKIoUSEUTIKOG:
OAZH 4: ; ; :
O . - ouvtovilel, emomntevel, kaBodnyet
Mpoowpoiwan ,
Mpooopoiwan O€ peYGAES OHGBEC Apaotnpiotnra 9:
(Simulation) JulTNOoN KAl OVOLOTOXOOUOG AVANESA OTO HEAN TWV
opadwyv Jigsaw kot avapeca ota PEAN TNG KABe
opadag Jigsaw (A kot B)  (kowomoinon
CUUTEPAOHUATWY)
Noépot: CoSy_World
Ynnpeoieg: chat
1 - "382 _h4 "7 nyYH T ¥ T 7Y " {Bedtaetal.,2012).2A 3al ¢
1;5{ h vy B/\h‘_‘v‘z rl,hD’n>"’¢J'"/\'¢Ch"'r B’\;s""{'h1<‘<‘“'A_u‘/\'ll o B 7 c v

. AN g h?¢

" S h
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1. " ¢, h<hh ~> h ©h 0k ' Lt <Y UL, hs T ®h Attt Chia
"'_h"l o 'h’“,"l > <w ' " I3DK'“¢Y1/\“(.““/\’4WB
¢ ' >~ .CBSyWorldS h A SR Rt oA TR LR LA A
'B_’LV > B h‘“_5<5 >h_‘¢" . AE Jh_‘(.‘" >h v ' P

1 1 ¢ ¢ " " SswaAh S h =, * ¢h h Ah - ‘B_h‘ ¥ - Yj <" >h
1 > Y . 1 > h . A ~ h " hzh /\"hqj "1‘_' hy‘ls‘_/\hv!“"s‘D Oh ot _ B
CoSyWorldp & ~ 8~ "+ " h, ™ 7 ¢ "> T <O g A _ P>
Che s T h «<h ¢h' h - o o h ' " -
J'"CB‘>W/\V\ A D “"‘_""“”/\ v Ch_h<<'<5l -~ h
Y N W AR A LA, Ch AR T T e >
hve > ">t m o ¢hnp Vo Shyihu a0t Cw @ hgAW Lt smAl
B, h " >Y " . AN DT T A h AL wYA_ ht > B T - oK B, ' >
CY " AL A" Y <Y1 h o >h""| ¢ ht _'I 4'3Dh¢_'¢W,
COSMWOI’ld.r]__ oo . > -y _ B ’ ,CSC_Ehh'G‘_" N4 ‘/\m_c'vg YT SWAYh vt Y Y UK
{'4h¢_‘¢wh'?Bm'/\q-‘h“_l‘iﬁr)hl_'l ‘h:qm_J'Jigs‘alel

e -~ h°~ “h K 7oK A t ¢ om - h A A1, WAB  Shhtf 'S5 g A
Jt o4 thpteomsTrhsh e S3HCHSYyWorld? A h ot 4 4 h ¢ h <
LA fh USRS A LA Jh S oA S <hSA S LAY EMAS TR

[ ¢, h<cht~ TTE R CThgTs st hl S| Rt th e taw

S s <w >h _h hvtYgat g™ hTE N [ANVA e >

pnt>t U ATSY ey p T gECthe Y- s pDhytoYoYow

CoSyWorldS h *_ ~ = "CSCBM A™ 8>mhp™" ~

1-854 h "5 RBAR- _v'3 ., hD3CrATERN e g hu<'<T A A v T4 h e R
CLA phtsh A T U A L. Tihsthl oo s o
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h v " Y < ',{J ,'vf [ S h_>/h‘n_”,{qh_‘;/\_n:' h¢ -~ >_V/\l_ ¥ hW/\J>'B/\ D

LT N T B S>T T O e A >h oA L h gt ©h 7 h
h = D CoSyWrld.
i" j h > v ¢ B'__'>h "" {'B’B‘/\h_h' h Y " h ‘_"
CSQL>W‘ h h - _ h_ hg ® hy> ~h ¥Yhio g _V - ) Bt . _ . - v
>h ' A o_ ‘\/\h"">h_‘¢"z ! “>'5",""¢"
>h*t v IDCOSXWOHCND e L+ " h " ¢E " h o g, h " >Y 1 _ A " hoA t
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e AN Rt >h O A N<h hpT SwRVT O S ST w e ot LT
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s s At O seguerttialekplorattry miixedmetiiods) h vt T <t oa Tt h .
Wi ' AE : << 4" ST " e A LB L T >SWAL, AT h T _h v
¢t oM th h <« <h ¢ ht ha > Yo, 45’¢‘_>sh‘_th5"’¢5'
B" _ A h AR <. S ¢ h* B TS W %‘/\:B:’f‘h‘/\‘_>h/\ 1 \B;{r‘hb?’\hh/\‘*y\hz_ h ¢
_'/\’_J'_' J’s"h>h_'¢" p'{hﬁ‘_‘c" J’h’w>jh" ¢h h
>i <" Y T «c80h'<<shA S DCOSYWArld gt 4t h 4t S h oh
o “_7\8"th >h""‘ o Ssh* ' Sh ‘_u‘/\B,r_ﬁu"">h_'¢_
J‘B"h>h_'¢" J’h’w>jh“z _'VCB'>W/\V‘ A h BTt )
h=> <> >h ¢ + hDCoSyWorlds h" ' & '“"AS &XMT "~ o = .8 ' ¢f
> ' A B AT LT o B> <7 " . AN >her oA
h <« <h ¢ ht - YC B Sw AT A h 1 A BT j ht _5" >SB < W !
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74 {"’ Isﬁ"{htbﬁh_“ﬁt‘vw” rl,h’>"1wl A L L | B B L oo

hvt """ "D CoSyWworld >w " h h - Ch _ h<c<' <8 “h*® g hi, 1'%
Chll>|'5"/\" {l{hc l(l‘ll -’h(l‘ l(l‘ll¢ rl—"l z - "Wq
-y f Bt 1 h S8 << A e w B Ah O

42 <7 7, 7 h ¢ ht . Lt h s ' w B A D
1_'/\ - h ¥ h SEB < W ! B , h " > _'¢|5 >‘C_" B B /\'_‘
' >qu‘ n %1 B /\l (C" >|‘5‘ '{v vA v = v ) v

ve¢h*h Y >SB>8 YY) <V I T hSTY ", 1d hxp>s'T 1 Ty bw Y

hah , w” s ht T A S T<hr T ¢ van ‘ ‘s
Manex wmMdppnod n- 84" T, <Y Y00 T <ch ey T
> ‘Y1 ¥Y<¥Y1>h 8 Ah' Y T <h>> vy "B ANWE Ph K >
LB Lt hhiasht S ow m s b T A TS Y1 hs>h o0t s . A B AE
T T ew o o m T fw st > Creswell 2003;Crotfy, 1998).8 S w A > 8
Sw' g YAh  ChR T Yt 0T SwAY D [ ST ht

rh‘“'“‘ * 11 7 h B S SB < B _ A h ! >t ¢ w
> ' YL T <Y1 7 h l’/\V/\_h, st 8 7 "Tashakkori® " ! ‘_‘.
Teddlie€ wmMdppyovd h- " 7 hhc<™ ATBA" R hyw™s 0 2 00t > g

hah< 1 Creswel| 2003;Crottyp1998;0nwuegbuzie Teddlie 2003).

m'h'>e <w ' >h ¥ >° ¢ " 8 ‘Creswell&_PlafioClark>2011"y1 ™ 7 B’ Ah
B'B‘/\'_'C'I \‘B{‘h‘>l. “" B&hk"‘w‘*JBQ‘B¢:‘§WAE
> LT ‘CD B_' _' > B *h _'. >5‘V{V<V1’hlzv' ,
T <<T 4" ¢ h h Abh < " LELT >WA, A ¢ h )
- ¥ B 11 B ., A Ch_h ! 1 ' hg * ¢h > h _‘. w B‘/\h.q>
h v f _‘<<VJ"Z YA I’Iﬂ(\h§‘h S (.‘I‘T"""_“’Q_/\ ¢ ht

LBL 7 >WAL, A > h > <w " >' h B ho > <8 _AOD
184 h "5 BAMT _v'E p, DR ATCh T G <Y A A 1 ovs T h e h e

oA fhCtsh ot A VA [ YRt >th oo h s
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My Creswéll& PlaneClark

v oo oo

chat>"' A

v o v

>W/\¢IZ 1 ' h _ A B B A _'<." .81 Y ht >
‘<"“’,‘<.‘wl "V'W‘B'I "" ‘5"/\‘{‘w_'/\>_"h<“’1>’|5h
A R | T ) Al WE h * > B YA B
-y "h'LB'(D [","Ch/\ 5""l "' !
R N T S R e
<<<® T 'y T hTE oA ! I o T ha >h ¢
‘<"“’,‘Cwl ""'w‘u" "" ""‘5 "‘Crdtt)h,/\

<BHE T 1w

v

>h . AD

h -

¢ ht h Ah < *

'¢W1‘_"4>.5Ig)/_\'¢w o)

HAMMU® 1 hA

h =~ w<B

>h ¥

S h A > B A S

- MeBodoAoyia

DIA0COQIKO
mAaiolo

OvroAoyikr) Mapadoyf:.Nopivahiop6g
Emornpodoyikr Mapadoxr): AVNIBETIKIONGS
AvBpwrrohoyikr Mapadoxr: BoAovrapiopdg

ZXEDIaO P0G

AigpeuvnTikdg axediaopog
(Sequential Exploratory design)

1n Aidakrikr MapépBacn
2n Aidakike Mapéppaon

[l | KowwviKOmoMTIOPIKEG
Bewprioeig

Mvworikr) MaBnreia (Cognitive Apprenticeship
Zuvepyarikr) padnon (CSCL)

®davopevohoyio PeahioTikr) Bewpiag

[MéBosor |
I MéBodol I

]
Méoa kai
. Tmyég
Buwreookonnon
chat logfiles
EPWINHOTOAOYLL

Aiadikaoia
TIOIOTIKAG
avaiuong

Napatripnon

} Karaypagri chat logfiles
Karaypa@n amaviioswy tests
Kwdikomoinon

Aadikaoia
TTOCOTIKIG
avaiuong
Mn mapapeTpiko kpuripo tou Friedman
Mn apapETPLKO KpLtriplo Tou Wilcoxon

T_plvwvonolnon (triangulation)

| Koo poBewpia avdAuorn opolotnrag
; ! . 5 OTQTIOTIKI} CUVETaYWYIKY) avaAuaon
EmoTnuoAoyia, oviohoyia, kAT | OEWPNTIKEG TIPOTEYYITEIG - —
1 3
m Ocuwpicg KovwKLY 1+ MeBoddhoyikég TTpdoeyyioeig
Y E8voypagid, pKTéG péBoSol K AT, ' MéEBodor cuAroyng dedopévwv

| SXeBIaopOg EPEUVNTIKAG PEAETNG

Téaoepa emimeda avamugng epeuvnTIKiG perém (Crotty, 1998)

5 ZTUVEVTEEEIG, EPLITNUATOAGYIE, K.ATT.

~

<

<" 4 " h ¥ onlineA mh AS Mogfiles'A XA . A

.l L 4>53.l LB 1" h * S , K qu/\tuq__ruq "B,’ 5>\5/\<W__!'¢I" Sw ¢ 1
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APC x*=8.00 125 225 25 08 38 475 050 300 5.00
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SuU1l statistically insignificant

SU2 X*=1430° 244 256 100 112 175 000 1.00 100 0.00

SU3 X=7.38 144 269 188 363 675 525 400 7.00 500

GUL x=1300 125 1.75 300 363 425 800 300 400 650

GU2 statistically insignificant
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OoTC statistically insignificant
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engagement
API x*=10,75 1.13 2.13 2.75 5.88 11.0 17.1
APC x¥=13.31" 1.56 3.00 1.44 1.00 5.38 0.88
ECA X*=13.07 1.63 1.38 3.00 5.75 5.25 19.0

"p<0.05,  p<0.001

J—]'<h{"z ¢ ht Cth_’hw>_j"H'1"J1h|5_,'_’5|5”'_h' W/\_"/\' B AB a0
>h ' _ A B y ' _"m ot ¢h A A BO  w<gs ! . A -
<' 1 " h 3 WLV‘/\ ,{'>'V"J"B’ Ch_h<<'<|5' “/\‘"C‘s
L hytch > >hocooc h Ah = < CAYSAA hH >'w 3 shoo
L h T B, " B LAY hThA PR S>Ww<e™  hITxh T B K,
"‘"’5' h/\"‘,“"/\q;) lW_"'B' “>'B")V'W' B >, h A’y
L h 2 CEthh ' Yo thpy g O
O W<3AZ [ 1T "Ss  Th
3A4 1A
C'X'W<1AI€'Y Zw"'¢h>5 '_‘ s > A h® ¢h<’AgA’h A h - h >8 ‘_"
rw<IMY L s T > T wlw 6T
I’]__'_<WVAZ ~h h B’ ht ' B>~ <Y ¢ " . A >h ' _ A
1 h B, A B 1 h ! "_'_BI - B’AhH:A_BC_'I _‘
n' <hy'avatargh <<' <8 = "4 77 A > 8 RN T j ’
“/\h&"{tsl B 4‘Dté"qh/\"ﬁ‘“>,|5’hrs’_"’j‘h<o<"/\_"I(D r " h
AN 0 A _ 87 0onkingT AWM LAY B LA L BT L AB S _avatars ~ o<
_" h/\‘h"\>/\ "h1>h_h “B_'¢h > B _' y , " LA h ~ , h>’
Tt >> T B 7 18 <7 - h>v oA h ottt h3
I >h ot w A h B~ < T A T T T <" >h h By
Sht
1-854 h "5 RBAR- _v'3 ., hD3CrATERN e g hu<'<T A A v T4 h e R
oA phtrsh ot A A [0 YRS st h q€ T h st

187



4.4.5.21‘/\h‘“'>h'_‘-‘"'¢'€‘h3>‘§/\5’1hQOSyq_Worlcbh‘.‘, ‘_ A

188

[ A 3B~ fds <w' >h _h = 3 hphs S ¢ hah < 1t h
K " ¢h > CAh T T r ot shor e s>t Yo A >h
>h e
{ GdzRSYy s MR-MeansRanks Means
CNA SRY
affective .
engagement X” criterion Phasel Phase2 Phase3 Phasel Phase2 Phase3
SuU1 X2:4.90r* 1.69 2.38 1.94 1.00 1.63 1.25
Su2 X¥=143" 2,44 2,56 1 1.13 1.75 0
Su3 X' =4.96' 1.44 2.44 2.13 4.83 6.50 6.25
GU1 X¥=10.D 1.25 2.00 2.75 4.38 6.50 8.00
GU2 xX=13.0 1,25 1.75 3.00 3.88 5.50 11.8
GU3 statistically insignificant
OoTC statistically insignificant
"p<0.05,  p<0.001
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[ AN S BE 'Hd h>s togom h AR < ' 1 *'h¢ Sha o2 )
Ch_h/\"" jh > ¢ _ A ¢ <h > h £ C EAANT " _ AND
Quantitat L C: Comprehension of common fractions
) Qualitative
ive o
. criterion 3/4 2/8 2/3 4/6 3/5 6/10
indicators
criterion - o o " n )
By -3.87 0.00 -3.60 -3.46 -3.60 -2.45
Wilcoxon (z)
pictorial
pretest 0.11 0.00 0.00 0.00 0.00 0.00
(V) means
Posttest  0.89 0.84 0.68 0.63 0.68 0.32
criterion .
By ) -1.64 -1.34 -2.45 -1.67 0.00 0.45
Wilcoxon
symbolic
pretest 0.11 0.63 0.10 0.58 0.16 0.58
(s) means
Posttest 0.32 0.79 0.42 0.84 0.16 0.63
criterion o .
] 0.00 -1.00 -1.13 0.00 -1.41 -2.12
By verbal Wilcoxon (z)
(v) pretest 0.94 0.74 0.89 0.63 0.53 0.53
means
Posttest 0.94 0.84 0.74 0.63 0.74 0.84
criterion . . " " . .
] -3.87 -3.00 -2.66 -3.00 -1.89 -2.24
complete  Wilcoxon (z)
answer (c) pretest 0.58 0.37 0.47 0.21 0.42 0.32
means
Posttest 0.89 0.84 0.84 0.68 0.68 0.58
criterion
] -1.00 -1.00 -1.00 -1.41 -1.00 1.41
Wilcoxon (z)
no answer 5.263E  5.263E 5.263E
pretest 0.00 0.10 0.11
(n) 02 02 02
means
5.263E
Posttest 0.00 0.00 0.00 0.00 0.00
02
"7p<0.001, p<0.05
n~" " <wWYA _hM>wT oo 1B A >0 A h T A
_ A <B¢_‘¢_/\ h Ah ~ h h‘_hhkl‘/\h/\"’_/\h_/h ""_‘>h“"_WW
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Gagatsis& Shiakalli 2004; Streefland 1993) {8 . A8 'w ~7,* h >"hh” s ° > A8’ h

A" T Ssw A h - _"‘I >h"_wl “" Lt h e A ¢
h /\B_h‘ - ! B >S" <Y ¢n" _" B“’ _ <! > B _h
¢h h _h B " - h 1 >h t ¢ n o, oh SRhE AT AT DT T Y Wb
_"1""‘5'/\h 1 _ Bt > ' h v ¢h*th ! ¢ ht C‘h_h/\"'_" h = h A
s ¢ f Bt _" ¢ <h > h nkK-®cC > W h h = w A h - hJ>h_‘¢
- h v B - h /\B_h‘ A D w ¥ A - hJ>h_‘¢ A ' oh
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MK M ¢ R relatisnship- cOmprehension

[ ARSI e n@h T h>s Tt e h AR Tt s AT 02 )
L’ AT AT LW > hvy jh>r ¢ _ A C<h®>h ©C_ A B
Quantitat R: Comprehension of relationships between common fraction:
ive Qualitative criterion
criterion o o -~
By i 3.46 -3.46 -3.16
Wilcoxon (z)
pictorial
pretest 0.00 0.00 0.00
(V) means
Posttest 0.63 0.63 0.52
criterion .
By i -1.64 -2.65 -1.00
Wilcoxon (z)
symbolic
pretest 0.21 0.16 0.26
(s) means
Posttest 0.42 0.53 0.37
criterion .
_ -0.45 -1.41 -1.73
By verbal Wilcoxon (z)
(V) pretest 0.21 0.11 0.16
means
Posttest 0.26 0.21 0.32
criterion o . .
_ -2.64 -1.73 -1.73
complete  Wilcoxon (z)
answer (c) pretest 5.26E0.2 0.16 0.00
means
Posttest 0.42 0.32 0.15
criterion - .
. -2.24 -2.00 -1.63
no answer Wilcoxon (z)
(n) pretest 0.31 0.26 0.31
means
Posttest 5.26E0.2 5.26E0.2 0.11

- E3
p<0.0d, p<0.®
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Quantitat  Qualitative RC: Comprehension of relationships between different comm
ive criterion fraction
indicators 3/4 and 1/2 2/5and 3/5 1/3 and 1/4 2/5 and 1/2
By criterion o - " "
-3.16 -3.31 -3.00 -3.16
pictorial Wilcoxon (z)
(p) pretest  0.00 0.00 0.00 0.00
means
posttest 0.53 0.58 0.51 0.53
By criterion .
) ] -2.34 -0.82 -1.34 -0.34
symbolic ~ Wilcoxon (z)
(s) pretest  0.47 0.63 -0.82 0.53
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posttest 0.84 0.53 0.53 0.58
By verbal criterion .
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criterion Means

Wilcoxon (z)
ng’> ¢ _s 7 Pretest Posttest
7=3.83 15.68 26.47
R z=-3.31" 416 8.05
RC z=-3.60" 9.79 16.47
7 p<0.001
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criterion Means
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ETF chisquareor . MR-Means Ranks Means
criterion
Indicators Stage 1 Stage 2 Stage 3 Stage 1 Stage 2 Stage 3
1% .?=8.28 1.25 2.13 2.63 2.63 4.83 6.50
API
2 ¥=10,75 113 213 275 588 110 171
1 .?=8.00 1.25 225 25 088 38 475
APC -
2 X¥=1331 156 300 144 1.00 538  0.88
1 .?=16.0° 100 200 300 300 45 190
ECA =
2 X¥=13.07 163 138 300 575 525  19.0
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ETI chisquareor ¥ MR-Means Ranks Means
criterion
Indicators Stage 1 Stage 2 Stage 3 Stage 1 Stage 2 Stage 3
1% statistically insignificant
API_q ; ]
2" X=10.75 1.13 2.13 2.75 0.50 2.50 5.38
1 xX=1.20 2.00 2.19 1.81 0.25 0.88 0.13
API_a ; _
2" X =421 1.44 2.25 2.31 0.38 2.13 2.25
AP 1* X =5.60 1.88 2.38 1.75 0.13 0.88 0.00
O x
- 2 x=6.33 2.63 1.63 1.75 1.8 038 0.75
1 X =6.38 1.44 213 244  0.25 1.25  1.50
API_an . -
2" X=13.27 1.06 2.13 2.81 0.00 2.00 3.13
1% statistically insignificant
API_q_t ; )
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AP|_a_t ;
2" statistically insignificant
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