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Abstract

This study is aimed at characterization of action strategies in DGE (Cabri 3D),
by using a measure of visual difficulty of 2-D sketches depicting 3-D
geometric situations (specifically, of cubes with auxiliary structures), as a tool
allowing dynamic monitoring of the problem-solving processes. Twenty-one
students, seven of high, seven of medium and seven of low spatial ability level,
were engaged in DGE-supported solving spatial geometry problems of
different visual difficulty levels, during individual work-sessions, immediately
followed by semi-structured interviews. The data analysis consisted of
identification of changes in the visual difficulty of the sketches undertaken by
the students on the computer screen and of their problem-solving moves, as
expressed in the interview verbatim. Findings show that learners work with
DGS to reduce visual difficulty in a nonlinear process, that is influenced by the
individual spatial skills, the initial visual difficulty of the problem, as well as
the solution-stage in which the software is introduced. Significant differences
in the strategies employed by students of different spatial ability levels, for
solving spatial geometry problems, can be explained by differences in the
structure of knowledge of experts versus novices. Consequently, these findings
have important implications for teaching spatial geometry with DGS.

Keywords: measuring visual difficulty, dragging and measuring modalities in
DGE, spatial ability, experts and novices.
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NIANYN 12 7PYIN PN AW DY 10D ,71PYIAN DY SNINNNN ININD WP
MNI2 OXTNRYN YT HY MOYMNN NMIVLIVORI D1PMYHYN DYITIN .NINN
920NY DN ,NPININ NPIVNIND NPYI PNIND ,NMY NdIANIND NN
v 0 TINN .ODNNN NMIYY DNMIN DY YN MAN DTN MYNHNI
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Rubiiphaia) Rubinia))al

N'VIIXR'N NMaoni Xian

,TINON MINT D2 MIANINN NPIVNINNDT XY NX NOD HRIWI NPYVNNNA DITINDN NN
NN IVVINNDN ARNN ,DIIN .DXTNIONN DX NMPN NPININD NPNNPH NNY NILVNI
NPTHN-NON NPIVIINY NPINIVIO MNTD TNNN I PN P2 OXIANN D227 DMYPI MNON
D>Ma) 0NN (Bakd, 2003; Uttal, Miller & Newcombe, 2013) 0»710n-T DXV TINN
MNIYY TSN DY NI MNP OXNYY DOXONPN ,NINN 190N NP2 MIANIN MIVNINDI
DY TNN-ITN DXVIVIVD TINND DM THN-NYN DMIVNVIND DIXVPMAIN INYI MPYI MNTIY 7ANINI
DOWTIN DOPNX GN DXNOYD ION MDD DIDN D27 DT OIN .(Gutiérrez, 1996) 1392 DM8INN
INMN IR VIVIVNY MHYRD NNN DMINND) PTHN-YTN VIVIYD THN-NONN 12YN2 YT YTIND
» NNy (Bako, 2003) ypa .(Parzysz, 1988; Duval, 2005) »101n-noNN VPYINND NN TINANI
TINN .0MNY DOVYPIIN DOYNNY DXOM ,VIVIVI D1ONIVN DOV DY THNDNY DN DI TNYD
DMMNY DX PAY VPOMPY 1D (Ferrara & Mammana, 2014) MM NI IO ,Td

JPMINN NDONN DY VPYIANP D) ANINI GO ,NIVNIN TPINIVID DY DOINRIVIDNP)

OYPPY (DGE) Mawmmnn NyndT NP TIN-NoN M0 YW M Wi DY DOYaNn 017 0XIPNN
Christou, Pittalis, Mousoulides & Jones, 2005 Sinclair et. al.,) ©»701n-NYN 0NN YV NOAN
NTNON »25NN 9PN .(2016; Feng, Spence & Pratt, 2007; Laborde, 2000; Yeh & Nason, 2004;
Dan & Reiner,) D101 S¥ MONXITYTINRD NPANINN 1D DMNWPN O T7an ndyn ,DGE-2
.(2014; Tuvi-Arad & Gorsky, 2007; Vicente, Hayes & Williges, 1987; Widder & Gorsky, 2012
MIANINN N ADIN DY MNAD DX ININI NMINID DOVYPNNN DITMD D RN NNINTY T
,112199 MTTHI DINYNN D210 HY AP DIDTI DO DN .1NIDINA 17 VIDOY MYSNHNI DNYY
DOYNIN NON DXTMY ,TIN DIRININD .,MYTN NPIVNIND MNONY O21N MVHY PDN NINMD
AN N DY DXTNID ,0NNIYY .00 SW AN TN 190D MITTN DY INY DT 19010
NON DYV YD NN L2120 MYV IPOY DIOYNINY 0N 19N NIDNN NIND DIWHNWHD NNMN
NDY D) NN DOPNIN TIYNIDY 0N IOV DO THN-NON DOVPMAIN 1D JINNY DONDN
Widder & Gorsky,) mnsy nIpa TN8Y 9pya DGS-1 wnnwnd DX0N 7299 ,MINN NNY
YDVIMNPN DMV DY NN MYNNINI DIPRINN NX 20N 10 DX DIPNNN Pon (2012
PN DMVNNN D201 I1DT KD POUINP DN NTTHY NOOW INT KDY INRND 09N L(CLT)
PNY TN DY TNR VDN P INNN IIRY SDOINPN DNIWIY DRI G0N DPINN NPPNY
NPYNID NMIVIVON TN NIRYN DY PLIZND NNY NI, NNV NPININ MDD’ DY PA NN

.P2ANYNN NOAN DXTNIVI MINY

DGS-2 nys1ann YN N0 P2 MY DINK DMIPIN 1IWP T NORY DY NNYY 1»ON1
Leung, 2003; Or, 2008; Arzarello, Olivero, Paola & Robutti, 2002) n5w N1P2OMIMPN MIRINM
0) I IMN (Arzarello, et al., 2002) »anvy 19719 .(Olivero & Robutti, 2007; Leung, 2012;
DYPNYN DMIVNIN DXVIVIVY NIONN TINN NS ,(Olivero & Robutti, 2007) >V12YM MDIN
MNON DOWNN DN NY TSN 1PN ,DMVNNIN DXVPMIIND DXONMNN DN TN TN : 9190 PPN
DGS oy NN X DIRNND DN .NPNDON MNDMY TN ISN YD ITYNY NI NPININ
ANNN PN DAVANNDN ,DNNOND VIVIYNN ,DX9Y DODVINP DXIONN P PIPRIVIND
23,0777 DMDVINP O¥ONN P2),VIVIVA NMPTOI NN NMNON INX YINY MTOVDININ
DM9IN 2 92YNN . NPRIVINY MIYYN DY NII0N IN NN DIIWANNDN ,VIVIVN IN DNINONN
ON DN LPAIND DY 297N DINNNN NNNRI NNYTP YND DITMDY IWINND ,NDWN DY DMWY
Olivero & Robutti, 2007; Arzarello et) 13anY Y)Y 791 ,2¥10N LPIND DY OVLNNOINN NTYN
MY oxNNA ,DGE-2 N1 177 MPPOPI9 HY 337711 NP D8N PN OIpNN .(al., 2002
NNON DLIY DXOINN ,ION DMIPIN IN .TPIVNINY MY DIIPINTD DXTNY DY MNY NMIVN
Or,) 1IN D) GIVXN ;NN NPIVVIND NPYA NINSY DGE DY DY TMDN MDY 12y MVNNON
MIYAND D) DNMNNN IDIND ,ANTNY DI ITTHN NN MY HY NPON DX 2NN WX ,(2008



y55  y¥p o1, 1111 oman A ndvn

Leung, 2003, 2008,) xNY ,NNT NNWD DTHN-NYNN VPMAIND DY VNN NTIPI NPYD 1DDN
MNINON P ,DGS-2 widwn > TIN aAWNNN TON 1) DY OONN OMMOVYN P2 WP (2012
DYDY ,NYNN DV NPMIYN MIAND WIND NN DY Mvwd (Marton & Booth, 1997) ny»sxINM
, TN OLVLD MVNIN VIVIYI NNNANN . NPV DX21IIN DOVDNY NNINT-1A DIYTIN NPND DI TN
MHNYN SY MOV PNHTNA NDND NPIVMINDT NMDNI MNANM NN ,NDVYNN DY NYPN
-MINONND PYN MPaDN (DGE) NNt NPIVNING M0 .NMNY NPNDN TINND VPMIIND
NN MY OV NNV NP (Leung, 2003) MIND XN Td TINND .DMPYWA MAND 1N DAY NNYTH
TIN2NY NDY21D IYN TSN NPIOY TMON HY NN MMIVIVON DY ODIANN ,DGE-1 N1
SV NPON ,0IPN HON AN MAND TO TIND DMV LPMIIRD NN NN NNVIID
D795 MOHNN NINND OMVNNN OOV AP PADN ,ION DMIPNNI NTTRN NN MDD
217 OPN PRYN ,DGS-2 MYXINN MWD YNNRNDY NINDN DY VIONND TNNN IWND ,DGS-2
NPININ MDY Y3 DX19Y P2 MNANN JND NIDN G0N .DMIPIN HY NPDLPMND NPIYIAD
DYINNN 1P YN OPNN T TINN .DGE-2 nmw NHYIva NMLILONI YINWYW DXV, NNV
DXNYNN 12 JPIND 2D OOMN DMIDN DIPIDN DN ONN ,DGS DY DX 1MDN MY NN

.IDINN MYSNNI DPMIN OMYP DY NAD O3 TNION

DMINMNN DYMY HY DMVIVOR DIHNN 2D TN NPINYN THANY WIND NYPIA MY IPNNA
NDYANY 11 NONMND 2NN MIVMIN DY IWPNA NANIN 1PN .DGE-21 v nvann n»rI2
DM TNN-NINN DIXVPPAIND HY O1OLIN OMINT HYANY NIIDY M ,DXVIVIYN DY THPINNN
DY NTNYAIMITINN PVIPN PRVNRY DPANT NN PANY 2IWN , T NPN ION DVIVIVI DININNDD
0>17> ,DGE-2 nyya NInga 027ynn 0»2d00Mpn 090NN T80 D Swnd pn DGE
MNMYP MYYNNT NPHIVIVONND T NN ,VIVIVI XMINN PVIPN NOPNY DGS by DYoo
MIYYN )INIY NNMN N3 PN NIVNY ,TD TINND .DXTMON DY NIORITTIND NXIANINN 1N

s MORYONYY MyNn NN WX

10Y010IVA ONNNN PPN NOPNY DGS MYSNNA DYHVN9 DY 1NN OND - .1

NPYA PNINSD NIV NXIANIN MR NDID MDY DX T DY NN NIVIVON NN PIRND NN .2
1DGS MyNNNI NIV HOIMIN MWIP NMNITA NPININ

AAITInn

DM TNN-IT OXVIVIV DV (FNPN) SNNRN MNP TTH NIPIN 1N ,IPNNN MRV DY MY NI Dy
LOIPI9R IWND 3N Npn (Widder, Berman & Koichu, 2014) 2ty »an oy nyap May
SV NN NDXAND D3NN NUYN YT : VIVIYI NPVN YN DY DN NIWI MTPHNN MYNNNI
MNONT P¥N 1 PN .01 DN 2IWINI ,NDXANN NN 2501 MYVLND VYN YT ,VIVIVN

% TN 9 DY MNY OININ OV NN DOVIVIVY
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.(Guay, 1976) PSVT-ROT >071700 N0 MYNNNI NYAPI 102NN
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N1 ANIAA N2ANIN N7 7Y v yximna ni7iyon 1%on .6 X

WNAY YNNI MY 190N YMYNYN HTAN XN XD ,MYPN MORYN AY YN 19N
DIPNN IRNNNY DIMIAPN VX DIRNNDN (6 TPN INT) NMNY NMIANIN N1 MNI Y1 OYPNIN
™MIT 0¥ ,0NNN Pa O»NN DY TINY WA (Chase & Simon, 1973) y1n»0) DY DY
NN PINAD OIIT DIWINI ININ YN, VNNYN PRYNI NM2) NPHDIN NHITY 1ML NPHDIN
NPIANII NPIVNVIND NPINRIVIO DY INPN DY WIANND MNIYY 1N NP .0NNY MY DY 151 RO
ONIN N 0N ,0TNONN DYDY DM MNS DXANN N1NIL M2 PONXIVN WVIP MDY

N T2 NN NPANIIN

nngoni I'T

DY KUY GN D qQUN ,NNVRIN DPP YT TIN 2WNNN Y50HD XNITHN OYIPA DMPWN NV
YOV NON INDD 1N ND DY POAN OMINN SWIPN DX DNNND 1N DY NIDIND MYNNNI DY
NI .MIDIND N2 I YN PNINA ADWM ,7PYAN DY ONINN PVIPN ,NININD NN T DY
NOLIP OOWONN DMK NPYA PNINDY NTNN-191 NNDNY PITH 1PINI DNVP NIN DIRNNND D
VN JNON ,MISVINININ : DMINNND DMIOW NYAIN NN (Carlson and Bloom, 2005) 0151
12 7N, N1PYIAN PNIND TONNA MIDIND YINOYD DNDY MN1Y NNV OXTMIDN P2 DTANN .NPYT
95 YINAM IONN ,MMNVINININD Y2VY NN DDV 12 ) N0 DNYY MIYYNN DX PPN ON
25V THNN 925 MIDINA WHRNYNY VNN DN NIV, NNT DYDY .NPYTAN 2OV NIDIND NX 2PYY
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