OO0
OLOO 000 A
2
‘ AU ¢
esed @)
oL o

e
i
= = l'-.-"--:_.-'-..-"._-
1.-‘; - -:_ .l P ..l
Y :
a5, ak= a8
I
ata 77 L]
oo el
e THooCTi
. o g A 111 S
TN Re—— o/lm e
) r ;_—"_ — o
LY - =
ﬂ-":'l_l;:-’.| - a
PR
T ' |
H .I-. 1 - -l
L | i :-
, : -y
"'-:'.._.' A D -
AT 3 &
Bk ol -
s e gla i T
g |
11 N 1 ¢
3 I [ e 3
E ['i'll' .__ .;
e rdd = -ﬂ | : |: —— =" o :

- l':., - ] 1 Hi 3
“TnviTexvohovikn lEnavdactaon |
N TNV ENEYXETC r’)-ITnv_ ru
ol el MDelors

Kunpiakog EnIoTNUOVIKOG 2UvOECUOC EKNaIdeuTIKWyY
A&lonoinong Twv TexvoAoyiwv TNG MNMANPO®OoPIac Kal TV
Ernkoivwviwv (KEXEA-TIIE)




X-Ray@eknaideuon




X-Ray@eknaideuon

Teuxog Q

X -RAYgknaeuon

Exnaibeutikd Eniotnuovikod
Mep10biIkd

IAIOKTHTHZ:

Kunplakog EnIoTNUOVIKOG
YUvOeouOC EkNaIdEUTIKWV
A&ionoinong Twv TexvoAoyiwv
NG MNANPOoPopPIag Kal Twv
Enikoivwviwv KEXEA-TME)

TnA.: +357-99553325

Qat: +357-25732211
KEZEA - TINE

T.©. 70650

3801 Aeyecog

Kunpocg
http://www.kesea-tpe.com

EKAOTIKH ENITPOIMH:
Moo6edpoc:

Kaitn BaoiAciou NeokAéoug
MeAn:

Alauaviw Mewpyiou

Qwon CIAiNNou

Zwn) Kaoupn

EMIMEAEIA:

Kaitn BaoiAciou NeokAéoug
ZYNTONIZXMOX

MNwpyo¢ TaANladwpog
IXEAIAIMOZ:

paperdrops
www.paperdrops.com

11

[1EpIEXOUEVA

H Aladikacia AnYnc Ano@Aacewy OTOUG
Eknaideutikoug Opyaviopoug

Ph.D, ldvvng KaocouAibng

Exploration Of Dge And
Pre-Proving In The Primary Classroom

Ph.D., Maria Pericleous

ONUOCIEVUOEI.

H ExkdoTikr EmiTponn déxetal apdpa yia dnuoscieucn o€ eNOpeVeC eKOOOEIC TOU X-RAY@Eknaideuon.
Mpenel va eival pexpl 2000 AEEeIC KAl va OXETICOVTAl KATA KUPIO AOYO [HE TNV aglonoinon Twv
TIE. otnv eknaideuon. Na anocTéEAAOVTAI OE NAEKTOOVIKN HOP@r OTIC OIEUDUVOEIC:
fofi888@hotmail.com kal xeandreas@hotmail.com. e nepinTwon mou n Ekdotikr Enirponn
KQIVEI OTI KAMolo Apdpo O CUVADE! E TIGC APXEC TOU MEPIODIKOU, €XEl TO OIKAIWMA VA Un TO

w



H Avoowraocio AYnc Arogpaoewv
otovs Exmaidevtinovg Ogyavionovg

ridvvng KaoouAidng
Ph.D.

AleuBuvtng ZxoAeiou AnpoTIKAG Eknaibeuang
AvTinp6edpog Kunpiakou Opidou EknaideuTikng Aioiknong (K.O.EA)
YuvepyaCopevo EknaibeuTikd Mpoownikoé AvolkTou MavenioTnuiou Kinpou

Eicaywyn

"It is the characteristic excellence of the strong
man that he can bring momentous issues to
the fore and make a decision about them. The
weak are always forced to decide between
alternatives they have not chosen themselves."

Dietrich Bonhoeffer

O1 anogdoelg nou AauPdvel o kabévag eival
kaOnuepivég  kal  noAudpiBueg.  ApxiCouv
ané Ta no anAd npocwnikd npofAnyaTa Kai
kKaTaAAyouv o€ nohuoUvOeta kal noAdnhoka
CnthyaTta,  ota  onoid ol ANoQAcElg
AapPdvovTal Ye epnAokn NoAA®@V aTOHwY, pe
TOUG ANOOEKTEG va eival akOpn NEPITOOTEPOL.
0oo kal av n énola ouykplon @aivetal 6UokoAn
av oyl abuvatn, pia Baddtepn avdluon Twv
U0 nepinToewv 0dnyei 0e TAUTOONUEG
vonTikEG Olepyaaieg. XUyKeKpIUEva, kal av
avahoyioTel Kaveig To KAAOIKG HOVTEAD Anyng
anépaong, de kabe nepinTwon TiBeTal pia
npoBAnUaTikA katdoTaaon, nou avalnTei Adan,
N PId eukalpia nou Npoodokei NPayudaTwaon
(Holsapple & Whinston, 1996 - Kim, 1998 - Pitt,
1990). Metda ano Oie€odikn N un avaiuon
TV €VAMOKTIK@V AUOEWY, 0 ano@aoiCwyv
eniNéyel Thv «opBATEPN» UNG TIG NEPICTATEIG
kal katd Tov iblo kataAAnAdTepn andgaan,
€XOVTAG  €Eniyvwon Twv NPoodoK®PEVWY
anoteAeopdtwv (Harrison, 1999) aMad kai
TV AVAPEVOUEV®Y cuvenelwv. Mé€pa and tn
diavonTikn 6idoTacn TG Anywng ano@acng,

0 Mnoupavtdg (2002) onueldvel  akoun
duo ObiaoTdoelg: TNV noAimkn 8idoTacn, He
TNV €vvola OTI kdOe andaon Giatapdooel
loopponieg aupEePOVT®Y, afloloyeiTal ano
kdOe dropo n opada dlapopeTIKd, avaloya pe
T0 oUoTnua a&idv, TIG AVAyKeg, TIG IKAVOTNTEG,
TIG YVQOEIG KAl dA\a XapakTnploTIKA TNG
NPOOWNIKATNTAG, KAl TV Texvikn &idoTaon
onou n kale and@acn NnpoabiopiCeTal MNoIoTIKG
KAl MOCOTIKA HE OUYXPOVEG TEXVOAOYIKEG
pueBoboug ONWG NOCOTIKG HOVTEAD  Kal
OUCTAPATA NANPOPOPIDV.

O Dietrich Bonhoeffer (1906 - 1945) nrtav
Feppaveg  Aoubnplavog  MdoTopag — Kal
©eoAdyog. H avduei€n Tou oe ouvwpoaia yia
ThvavaTponn Tou XitTAep 0dAynoe atn QuUAdkion
kal exkTéAeon Tou. Retrieved from http://
en.thinkexist.com/search/searchQuotation.
asp?search=decision , 24/3/2018.

H O6iapopd petall Twv ano@doewv, N
kaAUTepa n PapdTnTa piag anogacng, Gev
avapépeTal oTIg kad’ autd diadikaaieg n aTov
aplOUo TV epnAekodéEV®Y yia TN Anyn Tng,
aMd avapeoca oe pey€Bdn ONwg To 0IKOVOUIKG
KOOTOG, TIG KOIVWVIKOMOAMITIKEG OUVENEIEG KAl
Tov aplOud Twv ennpealopevwy anodekT®y.
Me Bdon To TeheuTtdio, avTiAauBdveTal kaveig
nwG N Ayn anopdoewv o€ 0pyaviopoug,
eite eknaibeutikoUg eiTe dMoug, anoTeAel
kaBopIoTIKAG onuaciag Giadikacia piag kal 1o
HENOV, N eniTuyia, N anoTeAeapaTIKOTNTA AAAG
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Kal autn akoun n enifiwon Toug oTnpiCeTal
oTnv opfotnTa, TNV KaTaAAnAGTNTA KAl TNV
noI6TNTA TWV ANOPACE®Y. LUPPWVA PE TOUG
Lunenburg kai Ornstein (2008), n diadikaaia
Myng andeaong naiCel ouolaaTiké poAo
oToug  eknaibeutikolg  opyaviopoug. Ol
enibpdoeig TV ano@ACE®Y EXOUV OUCIAOTIKO
avtikTuno ce O€parta nyeoiag, napakivnong
Kal enikoivviag, kabmg kal oTig Siabikaaoieg
alayng atov opyaviopo. O McLaughlin (1995),
Bewpel TN Aywn ano@doewv wg pia ano TIg
nA€ov anaitnTik€EG kal HeydAng onuaociag
diabikagieg evog opyaviopou. Agopd OTIG
d1dpopeg HopPEG NPoPANUATWY Mou MpéEnel
va eniluBolv, o€ OTOXOUG Mou npénel va
eniTeuxOolv kal O€ €uKaipieg Mou MpPENel
va afionoinfolv. e QPKETEG MEPINTWOEIG,
pANIOTa, NPOKEITAl YIa pia opadikn epyaadia T
onoia SleknepaldVvel €va 0pyavWHEVO aUVoAo
aTopwy, 6nwg eival n dieuBuvTikA opdda evog
oxoheiou, péoa and oulnTnoelg, NPoTACEI
kal alohoynon Twv evalakTIK@V AUoewv. Ol
Holsapple kai Whinston (1996), ToviCouv 0TI
n Anyn anoedoewv anoteiei pia diadikaaia
avrarayng kal afloAoynong yvaoong Peta&l
TV UneuBuvwv, n onoia oTtnpiCetal oTn
OXETIKN PE TIG MPOTEIVOPEVEG EVANAKTIKEG
Migelg enixelpnpaToAoyia.

Ané Ta napandvw, NpokUnTel Nwg n dpdon,
N EMITUXid Kal N anoTeEAeopaATIKOTNTA TOU
kGBe opyaviouol e&aptdTal, o€ peydho
BaBud, and TIG ATOMIKEG Kal OpABIKEG
ano@doelg nou AapPdvovral Kkal, 181aiTepaq,
and Ta anoTeAECUATA KAl TIG OUVENEIEG TWV
ano@doewv autav. I’ auté 10 Adyo, i0WG,
noAoi ouyypageig TautiCouv To BI0IKNTIKO
€pYyo, TNV eNIaTAPN TNG Aloiknong aAdkar autnv
akopn TNV Nyeaia, he Tn Anwn anopdoewy (Hoy
& Miskel, 2007 - Ramsey, 2006 - Tarter & Hoy,
1998). Xuykekpip€va, ol Tarter kal Hoy (1998),
ava@Epouv Nwg: «H Bioiknon eival pia yevikn,
aenpnpEVn e@appoyr NG AMyng andeacngy
(0.212), eva o1 Tichy kai Bennis (2007), ToviCouv
10 €§NG: «XTN ANwn anégpaocng To HOvVo Npaypa
nou WeTpd eival To av kepdiCelg N xdvelg- 1o
anotéleapa. TinoTta aAho» (0. 5).

Anépaon - Mia Anéneipa OpiopoU

Hévvoia Tng Aé&ng andpaan, 6nwg autn yiveral
KaTavonTn aTnv anAn Tng kabnuepiva xpran,
avapépeTal aTnv eniloyn piag ek Twv 60o N
NepIoooTEPWY AUCEWV MOU avTanokpivovTal
OTI anaitngelg N npoodokieg  piag
NPOBANUATIKAG KATAOTAONG A HIAg €ukalpiag
avTtioTolxa (Holsapple & Whinston, 1996 Hoy &
Miskel, 2007 MnoupavTdg, 2002 Tarter & Hoy,
1998). Lippwva pe Tov MnapnividTn (1998),
G andéeaon opiCetal «n TEAKA yvaoun N
enihoyn (kdnoiou), nou diagop@®VeTal €NeiTa
and okéyn kal otdduion Twv HedopEvive.
To kUplo ouoTaATIKG TNG ANOGPACNG, ONWG
(aiveTal kal ané Toug Napandvw opliopoug,
eival To dikaiwpa N kaAdTepa n duvaTdTnTA
TNG €nIAoyng. AKOPN Kal 0TI MNEPINTWOEIG
€KEIVEG MOU 0 ano®aaciCwv IoxXupiCeTal NWG
bev eixe A\ enihoyn, evvoei 0TI n 6noia GAAn
andgacn A kaAdTepa enihoyn Tou, Ba eixe
KATaoTPOQIKEG, aoUUpopeg N SUCAPEOTES
OUVENEIEG,.

Awn Anépaong otoug EknaideuTikolg
Opyaviopoug

H Aywn anopaong apopd pia opBoAoyioTikn
Kal OKOMIPN EVEPYEIQ, N 0M0id EXEI WG APETNPIA
pia  eupldTepn  OTPATNYIKA  ano@doewv
NPOXWP®WVTAG OTN OUVEXEIDd OTNV €QAPHOYA
kal afloAoynon TV anoTeAeoUAT®Y, KATI Nou
oupPBaivel oe 6houg Toug opyaviopoug (Tarter
& Hoy, 1998). MapoAo, dnAadn, nou n ¢uaon, To
neplEXOUEVO kal ol oTOXOl €VOG Opyaviopou
dlapépouv and kdnolov AAo, n diabikaaia
Myng andéeaong eival KoivA, kATl nou eukoAa
dlanioT®vel Kaveig katd Thv avaokonnan Thg
BiBAloypapiag Tng eknaibeuTikng 61oiknong
kal  Tng 6ioiknong  enixelpnoewy.  XTO
OUYKEKPIUEVO UNOKE®AAQIO, N avaokonnon
NG BIPAloypagiag npo€pxeTal, KUpiwg, and
TO X®WPOo TnG eknaideuTikng dloiknong, agol
10 nedio €peuvag apopd Toug OBleuBUVTEC
OXO0A€eiwV.

O ny€tng Tng OXOAIKNG povadag katd Thv
doknon TV KAONKOGVTWV  Tou, €EpXETal
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KaBnuepIiva avTIHETONOG Pe owpeia BepdTwv
Kal NPOBANHATIK®VY KATAGTAGEWY ONOU KAAEITal
va 8adoel Aioelg. AN\waoTE, 0 pOAOg ToU WG
nyETng ouvbéeTal dppnkta Ye Tn Giadikaacia
Myng anoedoewv (Ramsey, 2006 Tarter &
Hoy, 1998). Ziupwva pe Tov Ramsey (2006),
n Anyn anéeaong kai n nyeaia Oewpoulvral
OUVQVUPEG €VVOIEG aMO TO MPOCWNIKO Kal
TOUG dAAoUg MapdyovTeg Tou aXoAeiou. To
eknaideuTikd Npocwnikd, HAANioTa, diatnper
TO 0€Paop6 Tou 0TO NPOACWNo Tou HleuBuvTn
000 0l ano@Acelg Tou €ival ANOTEAETUATIKEG,
dnuopieig kar avdduveg, yeyovog 181aiTepa
duokoAo aoTn onuepiva enoxn. lMapdyovTeg
onwg To paydaia petaPalouevo aoxoAik
nepiBalov, n €&ENEn Tng TexvoAoyiag,
N eukohia npooPaong oe peydho Oyko
nAnpo@opI®dy, ol onoieg cuxvd pnepdeldouv
avTi va diacapnviCouy, ol NOAEG enAoYEG Kal
0 apIOUOG TwV EUNAEKOPEVQY, 0 KAOEVAG LE TIG
Oikég Tou alieg kar emdid&elg, duakoAelouv
o€ peydho Badud To 6ieubuvTh va KaTaAn&el
o€ pia andé@aaon n, aTnv KaAUTepn NepinTwan,
Tov kabuaTepolv. ZUP@wva Pe Tov TaldkkIpo
(2006) avdueoa oTIG NNyEG Mou MPokaAouv
dyxog otoug OleuluvTEG ouUyKaTaAEyovTal
0l KOIVWVIKEG aAAaYEG, ol OXEOEIG HE TOUG
paOnTEg/Toug ouUVadENPOUG/TOUG YOVEIG, O
€pYAOIakdg @OpTog, Ta dlolknTIKA ypaelakd
ka@nkovTa, n a&lohéynon ané dAloug, n nieon
TOU XPOVOU, N QUTOEKTIUNGN Kal N KOIVWVIKN
Toug O€on, kaOWG Kal ol PTWXEG OUVONKEG
€pyaaciag.

Yuven®dg, n Oouleld evog OieuBuvtn Gev
eival kaBohou eukoAn- Touvavtiov, n eubuvn
nou avaAapBdver yia TNV anoTeAeopaTikn
eknaibeuon ehelBepwv Kkal  SnuokpaATIK®OV
NoNIT@V Kkal, ennpooBeta, n eubdvn NG
ao@dlelag kal uyeiag Tou eknaideuTikou
npoownikoU kal ToV Yadntov, kadigTolv TO
endyyeAua Tou GleuBuvTh 161aiTepa ayxmdeg
kal eninovo. OI oAoéva kal MNEPICCOTEPES
anaiTnoelg oe éva ouvexwsg PeTaBailopevo
KOOpO, KaO®DG Kal ol KOIVWVIKEG NPoadokieg
yla ThV anoTeAeopaTikeTnTa TOU opyaviopoy,
dnuioupyolv otoug OleuBuvtég auinuéveg
€uOuveg yia TN 0waoTA KAl anodoTIkA Biayeipion

TOU XpoOvou nou €xouv otn 8idBeon Toug
(KaoouAibng & MMaoiapdng, 2005). Map’ 6Aa
auTd, avapéveTal ano €va cuveldnTonoinuévo
SleuBuvtn nou avTiIAauBdveTal Tov nyeTiko
pOAo Tng B€ong Tnv onoia Katéxel, va Napel
buokoleg anopdoelg kal va 6aael Adoelg oe
npoBAnuata péoa cge €va Aoyikd anodekTod
XPOVIKO MAdialo.

Or Pashiardis kar Baker (1992), onueidvouv
6Uo YyevikEg KkaTnyopieg ano@ACE®V Mou
ouvb€ovtal pe Tn OBloiknon eknalbeuTIKWV
kal  dAMwv  opyaviop®dv:  TIG  SopnuEVES
N NPOYPAMPHATIOUEVEG Kal TIG aBOMNTES
N anpoypadudrioteg  anogdoelg. O
NPOYPAUUATIOUEVEG avagEpovTal ge O€paTa
pouTivag Kkal AapBdvovtal He €eukoAia oTa
XauNAd  oTp@upaTa AAYng andéeaong  Tou
opyaviopoU. Xe auté€g neplAaupdvovTal ol
EYYPAPES TV paONTOV A 0 kaboploudg Tou
wpoAoyiou MPOyPAUUATOG KAl N KATAVOWN
pabnudTwv oToug eknaldeuTikolg. AvTifeTa,
oTtn OGeutepn kartnyopia nepiAauBdvovTal
ano@doelg ol onoieg  AapPdvovtal  pe
duokolia kdTw and ouvOrkeg apefaidTnTag,
oe anpoPAenteg Kkal  AIyOTEPO  OUXVEG
KaTaoTdoelg kal apopouv Td YnAd oTpWHATA
Awng anoépaong Tou opyaviopou. Xe autn
TNV KaTnyopia, pnopei va nepiAngOoulv ol
KaTaoTdoelg EKTAKTNG avaykng Onwg, eniong,
Kal n eloaywyn evog véou padnpatog A n
€Qappoyn piag eknaldeuTIKAG KavoTopiag,.

AkoAouOwvTag €va napdpolo  GUAOYIGUO,
o Furnham (1997) avageEpel Nwg OTOUG
exnaibeutikolg  opyaviopoug  UNAPXOuV
TpeIg BIaKPITEG KaTnyopieg anopdoewy. Ol
AeITOUPYIKEG, Nou  apopolv  kalnuepiveg
anopdoelg  kal  O€uata  pouTivag, ol
TAKTIKEG, Ol OMOIEG aaxoAouvTal, KUPiwg, HeE
pyeoonpoOeopa ekTog poutivag Oépata, Ta
onoia bev €xouv enibpaon OTOUG OTOXOUG
TOU opyaviopoU kal, TEAOG, Ol aTPATNYIKES
nou agopouv pakponpdBeapeg enidIDdEeIg,
ol onoieg embpouv Kal ennpedalouv Tov
0pYQaVIOUO.

O Kerchner (1993),

akohouBvtag 1O
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opOoloyIoTIKG  povTEAO AAWNG  anéeaong,
oUP@WVA HE TO 0Moio 0l Aano@Aacelg anoTeAouv
TN Ouvéxela piag ahuaidag omou mponyeiTal
pia npoBAnuaTikA KaTadoTaon, unoaTnPICel TNV
unapén Tpikdv 6laoTdoewy ANYng andeaong
oTa oxoAeia.

(a) EEwTepIKEG KAl €0WTEPIKEG ANOPATEIS:
oTig e§wTePIKEG ano@dcelg nepiAauBdvovTal
ol obnyieg N ol evToAég and €va Kevtpiko
KpaTKG  @OpPEad, ONwg TO  YMNoupyeio
MNaibeiag kar MoAITIopoU, eVR 0l E0WTEPIKEG
ENIKEVTPOVOVTAI oTO BpayunpoBeaopo
AEITOUPYIKO  MPOYPAMHATIOUNG KAl OTO
pakponpoBeopo  oTpatnyikd  oxebiaopo.
YOuewva pe Tov Kerchner, Ta oxoAeia
avTanokpivovTal Mo duvapikd aTig e§WTEPIKES
anoQdcelg.

(B) O1 16iaiTepeg kal au&nTIKEG aNo@AcEIg:
ano@doelg ol onoieg AapPdvovral and Ta
dtopa nou Ppiokovtal oTa WnAd okaAondTia
TNG lepapyiag, €xovrag peydAn efouaia aTa
XEPIA TOUG WG AndpPoId EVOG OUYKEVTPWTIKOU
OUOTAMATOG.

ly) ATopik€G kal opadikég amodoelg: N
6iabikaoia peTakivnong and TIG ATOMIKEG
OTIG OpABIKEG amo@Acelg Kal avTioTpo®a
€VANOKEITAI 0TOUG XEIPIoHoUg TNG B1€eUBUVTIKAG
nyeoiag Tou opyaviopou. Xe onoladnnoTe
XPovikn aTiyun, n Siadikacia unopei va aAAael
Oebopévev Twv OTPATNYIKWY ano@AgeEwV
nou Oa ndpouv Ta ATOMa Mou ednAékovTal
A ennpedCovtal and Ta ANOTEAEOHATA TWV
anoQAcEWV.

H Williams-Boyd (2002), pe pia mio anhonoinpévn
Oewdpnon TV npayudtwyv oe 6,71 apopd
otn Oiadikacia Anyng anéeaong OTOUg
eknaideuTikolg opyaviopoug, OnUeEIOVEl OTI
N ouykekpiuévn diabikaacia «PeTAKIVEITAI ANo
Tnv €&€Taon Tou T BewpeiTal wg AdOog oTo
noleg €ival ol eMINOYEG yid Tnv enikuan Tou
npoBARUaTog, oTov KaBopIopo ThG KAAUTEPNS
eniloyng, kal TeAKG OThv €e@appoyn Thg
eniloyng otnv mpdin- o anoTeAeopaTIKOG
NYETNG yvopiCel TNV U@IoTAYevVN KATAOTAON

OTO OXOMKO XWpPo, YyvwpiCel GUANOYIKA TI
OewpeiTal 0woTo va npdel, kal ano@aaciCel
HECW oUVEPYATIK®V B1adikaoidvs (a. 153).

ZTIN Aqwng Anégaong

O 6pog oTIN Miyng anopacng aneuBuvetal
KUpiwg oTo dTOoMo  Mou  naipvel  TIG
ano@docelg  Je NApapETPoug  ONwg  TO
nepiBaAov Tou opyaviopou, ol 18IaiTeEPES
KOIVWVIKOOIKOVOUIKEG  OUVORKEG €ve ol
epnAekdpevol otn diabikacia TiBevtal o€
beuTepn poipa. Egpaon, Aoindy, 6ibetal oTa
181aiTepa xAPAKTNPIOTIKA TNG CUHNEPIPOPAG
Tou kdBe atopou wg LexwploTh ovToTnTa
epdooov o kabévag, 6Tav Ppebei unpoaTd ané
€va OiAnppa, avTikpiCel TNV KATAOTAON HE TO
61kd Tou NpoowNIKS @akd kal and Tn dikA Tou
onTIkA yawvia (Driver, 1979 - Driver, Brousseau
& Hunsaker, 1990 - Hawkins & Dulewicz, 2009 -
Spicer & Sadler-Smith, 2005).

Or Scoft kal Bruce (1995), PaciCopevol oTa
1BlaiTepa aTopikd  XAPAKTNPIOTIKG  TOU
ano@aaciCovTa ava@EPouy Ta NAPAKATW NEVTE
oTIA \Myng andeaong:

e OpOoloyioTIkog: uloBeTel  AoyIkEG  Kal
dopnuéveg npooeyyioeig aTn Ayn andeaong.

e Alaio®nTikogG: BaoiCetal otn 6iaioOnon, To
€VOTIKTO KAl TIG NPOCWNIKEG AVTIANYEIG,.

e ELapTnuévog: BaaiCeTal oTigkaTeuOuUVTAPIEG
YPOUUEG kal TN oTAPIEN TPITWV.

® AIOTOKTIKOG: avaBdAel n anopelyel va ndpel
ano@daoelg.

® JTIyHIQioG: NAPOPHNTIKOG Kal ETOIPOG VA
napel aTIydiaieg / andTodeg ano@acelg,.

O1  Spicer «kar  Sadler-Smith  (2005),
ouvexiCovtag Thv €peuva Twv Scoft Kal
Bruce, SlamoT®vouv NG yia va avantuéel
kdnolog anoTeAeopatik€g diadikaaieg Anyng
anéeaong npénel apxikd va &enepdoel TIg
abuvapieg kal NPoKATAANWEIG TOU NPOCWNIKOU
Tou OTIN Aiyng andégaong. Eva onuavTikd
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BAda Npog auTh Thv kaTeuBuvon, anoTehei n
eniyvwan ano Tnv NAeupd Tou aTéHoU Tou OTIA
nou To avTinpoowneUel. MvpiCovTdg To Kal
TAUTOXPOVA avayvwpiCovtag Tig duvaToTnTeg
Kal eAaTTopaTta nou TO ouvodelouv, Oa
pnop€ael va BeATIOOE! TIG NEPIOXEG EKEIVES
nou xpeldCovTal evigxuon.

RNivakag 1: Ta névre oTIA AAyng and@aong
TV Vroom kai Yetton

YTIA EvEpyeleg nyETn
AuTOKPATOPIKOG

A1 AvalapBdvel anokAeloTikd Tn Adon
TOUu MpofAApaTog Kkar Tn Anywn anéeaaong,
XPNOIMONOIAVTAS TIG NMANPOMOPIEG NOU EXEI
oTn 81G0eon Tou TNV eKAOTOTE OTIYHN.

A2 AvThel apyikd nAnpo@opieg ano
TOUG U@IoTAUevoUg Tou, aAd oTn ouvéxela
ano@aoiCel povog. Evanokeltal oTov nyETnkatd
nooo Oa evnuepwaoel 1 6xI Toug akéAouBoug
yla Tn eUon Tou NPoBAAUATOg Kal To AGyo nou
avalnTa TIg OXETIKEG MANPOPOPIEG.

YupBouleuTIkO

Z1 MoipdCetar 10 npOPAnuUa pe
TOUG  U@IOTAWeEVOUG nou ennpedlovtal pe
Tov ka@éva xwploTd, avtAovtag 16€eg Kal
elonynoelg. Akohoulwg naipver Tnv andépacn
Tou, n onoia 6e ouvbEeTal kat’ avdykn pe
onolegdnnoTte anod TIg elonyAoelg nou EAaPe.

Z2 MolpdCetar 1O npOPAnua pe
TOUG UQIOTAUEVOUG WG opdda oe pid Kolvi
ouvavtnon, 6mou Kal dnokopiCel 16€eg kal
elonynoeig. AkoAou0wg, naipver TRV anéeaacn
TOU, n onoid avTanokpiveTal N Oxl OTIg
elonynoeig nou €Aape.

Opadiko

OM MolipdCetal 10 nNpOPANua  pe
TOUG U@IOTAPEVOUG WG opdda ge pia Koivn
ouvdvtnon, onou avrtaAAdCovral 16€eg Kal
a&lohoyoUvTal evaAaKTIKEG NPOTACEIG O€ Wia
npoonafeia va Bpelei pia ouvaiveTikn Adan. O

POAOG Tou eival kAT’ e€oxAV GUVTOVIOTIKOG Kal
OUPBOUAEUTIKOG eved TauToxpova npoonalel
va napéxel 600 Oduvatd MepPICOOTEPES
nAnpo@opieg kal 16€eg, xwpig va MECel Tnv
opdda va uloBeTnoel TIG BIKEG TOU ANOWEIS,.
Eivar €Tolpog va &exOei kal va epapuooel T
AUon ekeivn nou €xel Tnv unoaTnpIEn 6Ang TNG
opddacg,.

lowg TN onuavtikoTePn GUVEIoPOPd OTO
kKepdhaio XITIA Anywng And@acng, €xouv
NPOCQEPEI e TNV epyacia Toug ol Vroom Kal
Yetton (1973). AvtiBeTa pe Toug Scott karl Bruce,
ol onoiol unoaTAPICav 6T TO KGOE ATOHO AVAKEI
0€ KAMNO0IO GUYKEKPIPEVO NPOTWNIKG OTIA ANWNG
anégaong, ol Vroom kai Yetton nigTedouv 0TI
0 KABe nyETng Unopei va XpnoIponoIncel Kal Ta
névTe oTIA AAWng andépaacng nNou Neplypdpouv
oTo OIKG Toug HovTEADO, avahoya He TIG
€KkdoToTE NePIOTACEIG. Ta NEVTE OTIA ANywng
anépaong (Mivakag 1) eival To auTokpaTopPIKO
(6Uo unokatnyopieg), To cupBouleuTikd (600
unokaTnyopieg) kar To opadIko.

Onwg 6ev undpxel €vag kal Jovadikdg Tponog
va opyavaoel, va 6164€el, va npaypaTonoingel
Kaveig pia €peuva, Sev undpxel €vag Kal
povadikog Tpdnog va AneOei pia anogaon
(Tarter & Hoy, 1998). Ta oTIA Anyng andeaong
TV Scoft kal Bruce kar Vroom kal Yetton
napoualafouv apkeTEG BIAPOPEG Kal NAPOAo
ot kal Ta 600 avagépovral oTn  AAYn
anépaong, HoidCouv va acyxoAouvtal pe
evreAdg dlapopeTikd nedia. EvrouTolg, T000
Ol MPOCEYYIOEIC TOUG OCO0 Kal Ol Anowyelg
TOUG €XOUV €vd KOIVO NAPOVOMAoTA: TO
yeyovog OTI und Kkdnoleg npoUnofEaelg,
KAnoleg npoageyyigelg pnopolv  va  eival
Mo anoTeAeoUaTIKEG and  KAnoleg AMEG.
Evandkeltal, Aoindv, oToug nyETeg kal oTa
dTopa nou eival enipopTIoHEVA e TNy eubivn
NG AAYWng anogaong, va otabuioouv Ta
yeyovoTa, va a§iohoynoouv Ta dedopéva kal va
uloBeTnoouv ekeivo To OTIA AMyng and@aong
nou appoCel kaAUTepa OTIG NEPIOTATEIG.
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EXPLORATION OF DGE AND
PRE-PROVING IN THE PRIMARY
CLASSROOM
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This paper focuses on a research study the aim
of which is to investigate the activity of proving
as constituted in a Cypriot classroom for 12
year old students. By drawing on Cultural-
Historical Activity Theory and collaborative task
design, this study explores the way the teacher
is working with the students to foreground
mathematical  argumentation.  Analysis  of
four video-recorded whole class discussions
points toward a teacher-directed mathematical
argumentation as an approach to establish
justification as a socio-mathematical norm in
the classroom.

Keywords: proof; exploration; explanation;
justification; DGE

INTRODUCTION

In recent years, it has been established that
proof and proving should be integrated across
all levels of schooling. (Hanna, 2000, Yackel and
Hanna, 2003, Stylianides, 2007). In this context,
explanation, justification and argumentation are
aspects of proof that provide a foundation for
further work on developing deductive reasoning
and the transition to a more formal mathematical
study (Yackel and Hanna, 2003). But what is
meant by proof and proving? Mathematical
argumentation is a discursive activity based
on reasoning that supports or disproves an
assertion and includes the exploration process,
the formulation of hypotheses and conjectures,
explaining and justifying the steps towards

the outcome and the proof of the statement.
Thus, proof is at the core of mathematical
argumentation, as a justification, an explanation
and a valid argument.

Research on proof has proposed the function
which proof should have in mathematics and
school mathematics (Hanna, 2000), developed
proof schemes (Harel and Sowder, 1998),
explored the cognitive unity or distance that
may exist between argumentation and its
subsequent proof (Duval, 2007, Garuti et
al, 1996, Pedemonte, 2001) and identified
difficulties students face when approaching
the construction and understanding of proofs
(Balacheff, 1988).

Regarding proving in geometry, it is argued
that the potentialities of dynamic geometry
environments (DGE), such as Cabri, for the
validation of geometric constructions, can
be exploited so as to support students in
linking informal argumentation to formal proof
(Hoyles and Jones, 1998; Healy and Hoyles,
2001). However, providing students with
opportunities to follow the reasoning of an
argument, evaluating and constructing proofs
is not enough. Expressing mathematical ideas
does not happen spontaneously in DGEs. The
role of the teacher becomes central and critical
in orchestrating mathematical situations. The
teacher shapes the rules of discourse that
get privileged in classroom activity, assists

. ____________________________________________________________________________________________| 11
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students in constructing mathematical ways
of knowing that are compatible with those of
wider society and promotes the negotiation,
acceptance and development of these rules
of discourse among students that would allow
them to accept or reject an argument as proof
(Yackel and Cobb, 1996). Yackel and Cobb
(1996) refer to the normative understandings
or interpretations of mathematical discussions
that are specific to mathematics and students
mathematical activity as socio-mathematical
norms. Concerning technology, the teacher is
also responsible for guiding the appropriation
and transformation of the tool by the student
(Noss and Hoyles, 1996; Virillon and Rabardel,
1995).

Research has responded to the need to
conceptualise proof and proving in such a
way that it can be applied not only to older
students but also to those in elementary school
(Stylianides, 2007). The question remains
however to understand how proof is constituted
in such classrooms. This is in accordance with
Herbst and Balacheff (2009), who argue that
the focus should not only be on proof as the
culminating stage of mathematical activity, but
also on the proving process and how this is
shaped by the classroom environment. Thus,
in understanding how proving is constituted
in the classroom, a wider network of ideas
is required as these ideas no doubt have an
impact on how proof in the narrow sense is
constituted.

To address this issue, | refer to pre-proving,
that aspect of mathematical reasoning that
might nurture proving. What are the roots of
proving? Given that proof is both a justification
and an explanation, it can be argued that
emphasis should be placed in these two
aspects of mathematical reasoning. In
considering those functions of proof that are
considered important for school mathematics
(Hanna, 2000), evidence has been reported that
the establishment of sociomathematical norms
(Yackel and Cobb, 1996) for explanation and
justification (Yackel and Hanna, 2003) might

foster deductive reasoning in the classroom.
That is, describing, conveying and exchanging
ideas through the act of communication,
explaining and justifying statements influences
the appearance of proof and the transition from
unsophisticated empirical arguments to the
level of sophistication that might be expected
at the tertiary level. It is through exploration
and investigation that all these elements
surface and develop in the process of proving.
Thus, when discussing the roots of proving,
exploration, which activates intuition and
encourages thinking, constitutes another notion
that should be taken into consideration. Thus,
pre-proving refers to those elements that direct
mathematical reasoning towards the ultimate
goal of formal proving; that is exploration,
explanation, justification and communication.
In the social environment of the classroom,
where hypothesizing, explaining and justifying
conjectures is encouraged, the tools and tasks
used, the rules of the classroom, the way the
students work together, the way the teacher
negotiates meanings and other external factors
all interact, interrelate and influence each other
in forming classroom activity. The purpose of
this study is to explore pre-proving and proving
in the elementary mathematics classroom
and the way the structuring resources of the
classroom’s setting shape this process. There
is insufficient scope in this short paper to
consider in detail these various levels and so
this specific study focuses on one aspect of the
role exploring plays in regards to pre-proving
activity.

METHOD

As this study is exploring the various forces
that impact on the activity of proving, Cultural
Historical Activity Theory (CHAT) is being
employed as a descriptive and analytical tool
alongside collaborative task design (o means
of gaining access to the teacher’s objectives),
to capture the interaction of different levels,
such as the actions of teachers, students and
the wider field as evidenced in curricula and
research documentation.



X-Ray@eknaideuon

Teuxog Q

This study was conducted in a year 6
classroom in a primary school in Cyprus. Apart
from the researcher, the participants were
the teacher, a Deputy Principal at the school
who endorses the integration of technology
in teaching mathematics, and 22 students (11-
12 years old) of mixed abilities. Even though
using computers was part of the classroom’s
routine, the students were not familiar with
dynamic geometry environments, DGEs. The
data collection process as relevant to this
paper included video data from the classroom
observations and field notes. The content of
the curriculum covered during the classroom
observations was the area of triangles, and the
circumference and the area of circle.

The overall process of analysis of the collected
data was one of progressive focusing.
According to Stake (1981, pp.1), progressive
focusing is "accomplished in multiple stages:
first observation of the site, then further inquiry,
beginning to focus on relevant issues, and
then seeking to explain”. The systematization
of the data led to the evolution of two broad
activities: (i) the activity of exploration including
the exploration of mathematical situations,
exploration  for supporting mathematical
connections and exploration of the DGE and
li) the activity of explanation which focuses
on clarifying aspects of one’s mathematical
thinking to others, and sometimes justifying for
them the validity of a statement. These activities
were then interpreted through the lens of
CHAT, by generating the activity systems of
both exploration and explanation.

This specific paper focuses on four episodes,
which were generated during classroom
discussion, to show how the teacher was
working with the students to foreground
mathematical argumentation. In  the four
episodes presented in this paper, the students
are expected to explain and justify the
observations made in a DGE. An emphasis is
given on the interplay between evidence and
formal proof as well as on the way the teacher
guides this argumentation. These episodes are

indications of how proving may be constituted
in the classroom. Two dynamic geometry
environments were employed over the period
that these episodes took place; GeoGebra
was utilised in planning and teaching the area
of triangles, and Cabri was exploited in the
lessons related with the circumference and
area of circle. These tasks are employed as
tools for exploring the mathematical formula
for the area of triangles and the circumference
and area of circle as active investigation and
reflection promotes their development. Below,
a description of the tasks employed is provided.

DERERECEENEEE

T

A

Figure 1: T, the area of triangles task
GeoGebra task T

For this task, T, triangle BFC was inscribed in
rectangle ABCD, with point F moving along AD
(Fig.1). This task was designed and employed
by the teacher as a way to enhance the gen-
erality of the algebraic expression of the area
of triangles.

ol Y

I .
A B2 |2l

A

Figure 2: CG, the circumference graph task
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Cabri tasks CG and CA

Two Cabri tasks were designed: (CG,) the
circumference graph and (AG,) the area graph.
In CG, as a free radius point (A) is moved, the
circle changes size and a linear graph of the
circumference (C) against its radius is plotted
(Fig. 2). By default, the trace of the graph was
off but this could be switched on at any time.
AG was designed in a similar way, though in
this case the graph would be parabolic.

The rationale for designing the graphs was
to explore the algebraic expression of the
circumference and area of circle by relating the
properties of the circle with the graph. In CG,
the students could conclude that the increase of
the circumference of the circle is proportional
to its diameter and radius. The students could
also have the opportunity to discuss the two
graphs and make inferences regarding what
the x and y axis in AG could represent in order
for the curve to be a straight line.

RESULTS

This section describes the four episodes that
illustrate students’ reasoning. In the following
dialogues, T represents the teacher and ST,
S2..Ss the students that participated in the
discussion.

Episode 1: Area of triangles

This episode is an extract of the classroom
discussion that followed the formation of the
definition of an dltitude and the algebraic
expression for the area of a triangle. Lines
1-2 form a synopsis of the ways with which
one can find the area of triangles. In line 5, the
teacher introduces task T for the first time.

1 T: What do we notice about the area of a
triangle?

2 S1: For the area of a triangle we notice that
we can find it with two ways. We

3 can multiply the base with the altitude and

divide it by 2 or we can count
4 the squares that are inside the triangle.

5 T: Good. Now | have this triangle here (Fig.1).
(The teacher moves point F

6 long AD).

7 Is the area of the triangle half the area of the
rectangle? Yes, no and why?

8 S1: The area is the same when you move it.
9 T: Why?

10 S2: Because the base and the alfitude stay
the same.

11 T Very nice. (The teacher moves again
point F along AD).

12 Is the area of the triangle half the area of
the rectangle? Yes, no and why?

13 S3: Yes, the area of the triangle is half the
area of the rectangle because it

14 covers half the area of the rectangle.

15 T: How do | know that? What stays the
same?

16 S3: The base.

17 S4: The base is equal with one side of the
rectangle and the dltitude with the

18 other side.

19 T: If | move the vertex here? (Fig.3)
[ﬁ-’:ﬂfvﬂ}vﬂ ol alN]-l] +]

Figure 3: Area of triangles
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20 S6: The altitude...

21 T: Is it still half the area of the rectangle?
22 S7: Yes.

23 T: Why?

24 S7: Because you didn’t change...

25 T: What stays the same?

26 S7: The base is the same, the altitude is the
same.

27 T. If | move it here?
28 Ss: The same.
Episode 2: Circumference graph

After exploring the algebraic expressions for
the circumference and the area of the circle,
the teacher and the students explore the
circumference graph.

29 T: What is constructed?
30 S1: A line.
31 52: A curve.

32 T. Can we understand why while we
increase the radius, the circumference

33 increases and a line is being constructed?

34 S3: It's like what we do in science,
proportional figures.

Episode 3: Area graph

The previous discussion continues with the
teacher moving to the area graph (Fig4). The
teacher moves the point along the path.

35 T: What is being constructed?
36 S1: A curve.

37 T: Why is this curve constructed?

38 S2: Because it is radius times itself.

BECPEREEE y

Figure 4: AG, the area graph task
39 T: Yes.

40 S3: It doubles.

41 T: It doubles?

42 S4: No, it's squared.
Episode 4: Area against r?

This discussion follows the exploration of the
two graphs.

43 T: Now | want to see what | should put on
the axis (the teacher means the x

44 axis) so that while | increase the radius, the
area increases as well and

45 makes a line.
46 S1: Radius.

47 T: To get a line. What should | have on the
X axis?

48 S2: Circumference?
49 T: | want to compare it with the radius.
50 S3:r?

51 54:r*
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DISCUSSION

In episode 1, the activity is employed as a
way to enhance the generdlity of the alge-
braic expression of the area of triangles. By
exploiting the opportunities dynamic geometry
environments provide in mediating students’
understanding, this activity that unfolds is also
employed for strengthening the understand-
ing of the formula of the area of triangles. The
teacher shows several friangles to students by
moving point A and asks repeatedly whether
the area of the triangle is half the area of the
rectangle and why (lines 7, 12, 21, 27). The
teacher does not accept answers that only rely
on what is shown on the screen (line 13), en-
dorsing the gradual detachment from empirical
arguments and the move towards formal math-
ematical reasoning. Conviction and verification
is not enough; attention is given in negotiating
acceptable explanations and justifications.

In episode 2, the student (line 34) relates his
observation with elements of the science cur-
riculum taught in Year 6. The student appears
to compare the radius and circumference of
the circle by reference to the constant of pro-
portionality, previously encountered in science
experiments. This may also be considered as
reasoning by analogy as involves making an
assertion which is based on similarities be-
tween two situations, one well-known and an-
other less well understood. What seems strik-
ing in this episode is that the teacher does not
further discuss this statement.

The three students in episode 3 are responsive
to the idea of a non-linear relationship. These
students had no experience with parabolas or
quadratics from school. However, they have al-
ready been introduced to the formulas for the
circumference and area of a circle and they
have previously discussed the circumference
graph. It could be argued that there may be
some guesswork by the students in recognis-
ing that this is about nry, and that because the
radius is squared in the formula the curve is
produced. Nevertheless, it can reasonably be

argued that the experience of seeing dynam-
ically the movement of the radius point and
the corresponding non-linear movement of the
area point in a DGE has supported the students
making a connection. Thus they may be using
knowledge of the formula nrg, to gain a dynam-
ic graphical appreciation of the formula.

In episode 4, the teacher seeks to advance the
discussion by encouraging students to com-
pare the two graphs and formulas and make
an assertion (line 43-45). Two students recog-
nise that it is radius squared that produces the
curve. However, the teacher just agrees with
the students and moves on, realising that the
situation is too difficult for these students. This
is an example of how the teacher still puts
emphasis on explanation and justification, but
it does not always work as sometimes the
knowledge cannot be shared by the classroom
community (Stylianides, 2007).

These examples show the teacher leading the
students through a process of reasoning and
justifying. It is noticeable that the students are
not independently trying to seek explanations
and justifications. However, in order for the
socio-mathematical norm of explaining and
justifying to be established in the classroom,
the teacher has to explicate this process and
demonstrate to the children what the nature of
justifying is and why it is important. The above
remarks, allow us to argue that the way that
proving is constituted in this classroom at that
time is by the teacher in a way demonstrating
the idea of what proving is, the nature of prov-
ing and that justification is important in math-
ematics, rather than placing emphasis on the
children somehow discovering proving and the
need for justification by themselves. Classroom
observations as well as discussions with the
teacher reveal that is concerned with the sud-
den introduction of students to proof at lower
secondary school (a point made by Stylianides,
2007, p.291). Thus, by placing emphasis on ex-
planation and justification, the teacher aims to
prepare students for the introduction of proof
more formally in secondary school. Therefore,
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the teacher is also making forward connections
with parts of mathematics that the students will
explore in secondary school.

By considering these illustrative episodes |
now tfurn to the way exploring is connected
with pre-proving. Exploration of mathemati-
cal situations that provide the opportunities to
hypothesise, make conjectures and test these
conjectures might give rise to explaining and
justifying. However, difficulties may arise. Al-
ternatively, the exploring opportunity may be
exploited so as to negotiate and establish so-
cio-mathematical norms in the classroom. As
the sociomathematical norms established in
the classroom are related with the very nature,
functions and characteristics of proof and prov-
ing, their establishment strengthens the activity
of explanation. Thus, the socio-mathematical
norms related with explaining and justifying
("doing mathematics requires us to use precise
language’, ‘doing mathematics requires us to
justify our assertions’) might give rise to ex-
plaining and justifying and thus, proving.

CONCLUDING REMARKS

The aim of this paper was to shed some light
on the area related with the activity of proving
as constituted in the naturalistic setting of the
mathematics primary school classroom. The
elements that drive pre-proving activity and in-
fluence the way proving may be established
in the classroom have been identified. That is,
in mathematical argumentation, pre-proving
is coming out of reasoning through exploring,
explaining and justifying and can lead to prov-
ing. The four examples illustrated in this pa-
per indicate that mathematical argumentation
is teacher-directed; an approach followed so
as to establish explaining and justifying as a
socio-mathematical norm in the classroom. Re-
search on proving places importance on stu-
dents proving and justifying conjectures (Mar-
rades & Gutiirrez, 2000, Pedemonte, 2001).
The question is how would proving become
constituted in the classroom with justification
becoming a socio-mathematical norm. It seems

unlikely that elementary students will come to
appreciate this critical aspect of mathematics
on their own. Here we have seen how a teach-
er orchestrates (Drijvers et al, 2009) classroom
activity by taking the lead and steering the dis-
cussion through the use of DGEs.

However, this does not tell the whole story.
Although not reported here, it was noticeable
how exploration was connected with defining,
another aspect of classroom activity. That is,
exploration can lead to explaining and justify-
ing necessary for defining. Exploration can also
lead to conclusions that strengthen the fusion
of the concept image and the concept defini-
tion. Defining as a mathematical activity entails
formulating a definition, negotiating what one
wants a definition to be and why and refining
or revisiting a definition. This activity can oc-
cur as the students are generating conjectures,
creating examples, and trying out or ‘proving’
a definition or a statement. It entails explain-
ing and justifying and thus, might give rise to
proving.
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