
Ab$t.cl - In hdonesie Nltimal CMiculu in hdoftsia, sEltlenls al lhe el.meolary scbool l.vel m
Equir.d !o Mscr rh. georety shrp. dd sph€rc which in fet also r.quiEs spadal abiliry. At fieir lev.l of
hinkin& etemcnhry srudcnls ned a concrete objet to r.atne abt act spalial abilni.s in tho minds of srudenls
s ftat t!6 thinkin8 bccomes confiete or sorc renl- Rese@fi Dcsig! Res€rch is r.cdcd to solvc l@l spatial

S.omdry problcN. sDmcEic ncdia dfr.lDpcd b6$d Augm.ntcd Reliry appl-i.d ro invcstiSaL thc spadai
abiliy ot studeDls. Th. rcsulr of rh..s.eh sbows tb,t6in8 thc resaich desisn rcs@ch, rbc application o{
lDrickic modia is donc by qumitadle dd qualirativc spatial iDvesrigation ro incrcde rh. spatial abiliry of
shrdchls d fie activiry hyporhsis ol elemcnhry schml s1udfr6.

Kcltord- d.si8n rs.dch, investisation. ipatial r@soning, 3Dmctric mcdia.
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I. lntroductloD
NCTM has &6ncd 5 $andlrds of conrear in rhe cunicutu of m.rh@ric.l srdd&ds, nam.ly Mb..s and
opmtions, problcm slvins, seom.Ey, measu.met dd oppnuniry ed data @lxis t1l, I2l. Itr dte slstrddd
a@maly conlol th€ic u. elem6$ of visualizrio. usc, sparial r..fuins d nod.ling [3]. ftis shows rtBr
spatial ability is the demdd of curiculud Uar musr bc acconnodaled i! clas@m lcdinS. In e ob$daron
conducted ar SDN Lemhputo I Sid@jo class 48, ir was foud rhar 30 our of36 shrdelrs @ not dnw ard !
not disritrguist b.tw@n 8@eric sphd. clchcnrs, i. bctw€en diagonal E?hcro &d diag@t lilcs. Tt cy at o
cm no( be visulized &oDeaic sphqeE rlltt e rorlEd ttr frc! rhc cleh@ii of Seomctry de aiiom
(fundaDenral) [4] @d Eruitively [5] husi bc @dmtood by €lodra.y school srud.nrs [6].

At a concrcl€ dd opcrational €lematary $h@t thinking dftlolmmr srage. itr ddG ro mdetsrand a
Mcrial, strd.nis mut h. caLd an anviry or m id,cEedi.ry cdDeccd with a r.al olrjcct d a rEat .vent
acccptable b d.ir r%ooihe I7l.

Spstial ability, defined as thc ability to visulizc an ob.iecr Seoeerry liou dirfer€nl anStes, roraion ard
inresration d iltcsadon of pai6 of s Biv.n objecr l8l[9][10][l l], @ tE imFovcd ed in!€stigared tuih.r
rbroush 3DM.tic m€dia b.sed otr Augo.nEd Ratiry (AR) cchnolos{121. AR media is d i;esrarim of
disital cldcnE rhal e add€d ro ttc rat-wortd in rBt-eorld (rcal{mtd dat ) dd follow r-..t-woru
dviro,me s ed cd b. spplied to mobile dlvices [ 13][ I a][ l5].

D6ign Rcs@ch is itE research meihod us€d ro rcelve le3l probr.ms of r@hing by dcvcloping tochin8
naErials [161. Th@fdq by applyins d6igr rcs@.h, m€di! 3Dm.Eic is hoFd to in..."s. ,rua"it spu*r
g.omcry caFqbility ad to b. invcsri8ared tunhft.

ILMethodolory
D.ii8, R.scarch hd 2 peBpecli!. approaches to sotv. local studdi probtems, ir t fi€ dcvelopmdt of
iBtructional mat rials aId &e inv.stigarion of irs irnplemeorarid [t6],lt?1. mis srudy aims to inve;i8al. rhe
trs€ oi 3Dmcoic hedia rn improving fie abiliry of et.menrary schml $udcnrs. Thc reah dala con;$cd or
two dat4 qucnriBrilr dar. obtaiEd hoh lhc tesr r6ulG [18] the slariat abititics or €ch sruderrs cyctes,
qualitstive dala obhinod hod the iDv.stigarion r.sulG o, &nvny obsflari(,s I I 9] s$dEn6 in the H$ortrdical
Le@in8 Trdjccror tl6l. The subj.cts vcru 16 slrtddrs of Ctals tV B SDN tmalpuEo I Sid@jo.'I1. sr.s6
ofdcsi8 r6eeh srudy {. Prclimin.ry D6i8n, T@cnitrg Exp6im..r ed Rcr6p.crivc Analysis.

III. Rerult ADd Dlscusslon
A. Pr.lullllErL D.sig
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Th. prcmilin-y d.!i8n $ag. of this rcs.rrcI is rh. .tcvclopmcir of IiLT (Hypo.hcri@t t..minS Tr..ietGy)
bed on thc srud. s spati.l .c vity typolhGir which inch&st20l t) pEdictins &c g.ncbiclt 3ph.c itu8c
whc. l[c .ptrd. is roht 4 2) com.cti.8 visu.l patrs on frc. of8€onetricd sphcr€. 3) dr.wirg objets $oud
by r.F6@lirt rh. SDon try 6od.l, 4) visudiziot th. tm.rriod splm ilro .cr5,!d vicc va!4 t F.dicri.g
thc visul gcom.licrl spherc yllcn vi@.d fmm anolh.r poitrt of vica.

DevclopiDg HLT shodd also b. synchrui2.d wit iosku.foDt objerivcsl I ?], Th. followilg .xptdario! ,s
th. ntslilt ofHLT i! cuiculm.ppli6bL in Indon.sia g.d.4 ofcLlI.trr.ly s.hoot.

Edlr.rion U.it El.m.nEry School (Sr)

cL$ / km.st!t, Iv 2
ComFicncy Staidddi

D*izr t.ffi^ s1,t: ttuilz.tbn oI t@tw Ntubry snna,t Varvt Abit ! Lh s )D?'eit

E. Udcrsrand th. gcornctical sphcrc Fop.ni.s simplc dd inEr-rcldionship

E p.rh.ncat l2@ids Ti.jdrod I
BNic ComFt rcc : L I D.t.(itring rh. prolErrid of 8e@ct irial spb.rcr
Ilypoftesis of Acriviry I M.dialDmeric
r Stu.l,.hb can dEw s spinni.S g@m.rac.ton.c. Th. w.k.-up ot rhis sl&e.an b.ct6kvi* trcl@kwisc

+ + -I
C]etrtc Corl..r do.t!rb.

Itgrr. t. Tt..o6rion ofcrb.ctEkpis. clckpis. ud coinl.r.nd

. Sruddr6 @ dnw.{-5.objccls uourd con crty &cor&ng ro rhc utrd.iirardi ns of spsriat abiiiri€, Th.avdg. oDjccr5 to b. dnm by ,tudcnL' 4:

/

*Pt o
BaU

s
Ch.n

Irto,t 1 cElsiog ([i!g. dood srdats
Hlporh.sr ot Acriviry 2 M.di.lDn.Eic

. Snd.6t @ d.frc.l tel om A.cm*iv.l.pha. cldcnr cdr..rly

I ;= h.c di&.ml +, I------J I l=tptacd.sotlt- )./ . I'
Ftllrc 3. FM dirgdd ud q,h€rc dirsodt

H,podBir or Acrility 3 M.dia 3Dncric. sru*n: y d:y som.El.rl sh.F i!ri& sc@.r,ic.t idErc wi[ ert.tr po6rrd. ttr rh. pos'too of r*op.rall.l .i.L drrgm.k .jn flm r fl,l buitd cllcd r di.adllt sph.E

_ _ E potll&dtan4 fr4.ttcr,, A6orc (ornFt m. . E 2 defin. rh. rcls ofa cub.
H}?ofieis of Aclivity rl M.dia 3DmcEic. SodmB cm visulliz. Seorh.rricst sph6. ioro n.rs vilh simpt. fa.d
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+
. For cntPlcr f&6, sudenr havc di6srlry lo dcfin. rbe fa.c in n.(s -- 6phsc
Hrlolhqis ofAdivity 5 Mcdia lDm.Eic
. S$d@t u.lssted dd rh.w th. l,Fr polraId si&. of rhc hiraclc

Gom.rrlol Upp.r Fionr rr@ Sld.
iPh.rt freeSLE

Figrr. {. Cub. md its rcts

1709

B. Tachirs E!..iD.!rt
Duriq th. ta.hin8 erp.rin.dr sEAc, .lD M.Eic oedi! ws .trtu.Gd fq ir! visustiz.rion snd wg. bas.d @ s
pE-dlv.loFd ELT [7]. Visulizton of3D mtdc tr]cdia u!. rh. rr.ckcr rh.r h.! h.c. ar.llScd in th. f(m of
st ps viMl &tirity of snrdcnb in ftuc 5. Fisuft 7-9 lhoB thc inl.rfae or vituat rcsult5 of rh. r-rctcr
(targctobjccoHLTl.\r,tilcFigu.lGlIshowsrh.i.rfaccorvinualrBulrstiomtmckr(r&g.robjccDHI_T
2.

L^o

li

^-

rlglr. 9, IDt rfrcc H)eorhcris of Aclivity 3
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D.i{, rtur sizr: ,rF'qillle blr*dnlE Et db.! s,d.fl\ $di.t fini,, u'as 3l}re,

^ Ft8ur. I t. Inkrf.cc flyporhGis of Activi(y JC. R.trGp.cti!.Analliis
h lk.1!,lg.p-!* Aul)si. sras., 3D rn€Eic mcdis inptd,.nr.on ys FrfdnEd uinc rdo6o.cry.
m{l Fis I I 7l r . '.BirJrion or sp&iat .b, t,ry or 3tud.nB bo!.d on H r.T @.,siinE or soi,i,l ivp"rni[," r -1.

:o Y.judculc modls] sud.nE e rcqui'ld ro.iptcrr l2t I *.1. w !p..c eqdins ro rrc {(riviry hvDorhA,,lh.lollMnS liSu. l2 sho*s rhe sndcnfsacrivily whit.6inrlDhchc m.dia

- FtCrre I 2. Srud.nr,s acrivty el,il. uirs lDm.rric media
lnv.sriSanon or stud.nls,soari.t abrr,lv u obr.,rcd 

^rhr@gr, 
Lr,i ,t O.nrt .pnr,j *r,uir) h}?orh6s dmgand stur fic u oi lDmcmc n.dE m cyi. I snd cyt. 2. E .r, 

"yr. "*"r. oi t*o -".,i,.fs. ii;;;;"".,&r,uq and sp.ri{l abitni.s ortud.nb ar. +own in F,gurc rj.nd Frsue ,4.

Hlr HAr Hlr xA. HAt

Flgurc l.l. studal\ spatialacriyjry

fllrr. lil. SrudmG Sp.dnl Cap.bitiry

r

li
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ln Figu. l-l Suddr acdvrty on ach IIA (Activity H,"o{hcsis) has incrcascd. By ulitrg thc convasion of
quotitltivc data vaLues to qu.li6tiv. dala 0 81, ir co bc !€@ that aner cycl€ 2, no stu&nts uc cate8orized d
spdial ald lcss spand (fig l4). Snd.nts i. mod.nt ly spatial.at Seics derc&d. bur disribul.d incBcd in
spaual &d hiShly sFtial cat gdi.s. Th. ins.aic id rpotid .bility of stud.nts i! rcid@cd by dcs.ripo\e

atktical 4rlysk Bins n 8a@ Md i crFdrliq []21, in lsbl. I ot6ined n-sri, = 0.43 (mdium 6r.gory).
This shNs I itrda. i, spati6/ Ectivity of studdrs th.D8h a kind of vinual m.ripulativc m.di. cu h€lp
stud.nts in lcamiig n8tlemetics cspccially th. conc.pt org.omctry t2l,t9l._ro inv.sti8r@ the deptt of spltial ability of lne slud. s, a qulliraiv. @l)sis wd cdducr.d ou rh. pGsr-

tal6ults of spatial abilily of tft srddls by t6kin8 th€ subj@ts pupGivcly l9l. lhis wd dmc to prob. th€
dcp.h ofsp.tial inv6tisition ofth. sndcnts accEdins $ tft! qralihri!. tr@di ofth. lwGbcrs lXl. lh. dcFh
ofspanal abilily is *leLd ir I st!.L!t *ith thc high.s( sparial .biliry. Figu. 15-19 is th. rcsulr of E sparial

Ju of Adv Rc6.rrch in Dylrmic.l & Cdtol Sysr.ms. vol- 10, o6spc.ial b.uc, 201 E

Trbl. l. Dc$riotivc statisrid ofstud.nb sortid cap.bility
Stdrric. of ilrt Prct rt Pct.n N Crh

19,91 71,61 0,43

skills of selcct d LcM studcnrs 1,5

16. LCM wo* rcsulL of
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Flgur. 19. LCM wtrk rcsult ofetivity b?ofiAis 5

Thc rc$ll of LCM sdd. pak o. &tivity h}?oahdis I k poslt st .r numb€r 4 and 5 str.leils can day
g@m.Eicsl sphcrc wh@ n is .or,cd @@ by atlswditrt J iran6 itr tt. po.r t6r cnedy md @cdy. I. rh.
dnwinS LWotLGris by rcpres@litrt the 8.dn.ry in lh. p6it6r lhe $ud. drlws 5 objerr ic pencil, d6d,
cubc, ftor vi.1\, of th. b@4 and frnt viry of Oc window.

Th. rcstiil of thc wrk of thc LCM sluiienr dn .divity hFoth.sis 2 is tt t in posu.6t trumber I thcr. is u
i.s.a!. thsr rh. Btudcrt 6 Dqtio the osw.r cmcdy dd &c@r.ly. Studcrts 6pond.d wirh conplde
"sphcrc diasonrl " or'f@ di.sosl". Mos! 6tudors wirh lo* sprdd stills dinply eswd "sph€rc" 6 "ince'
!1a&out b.iDg prop.rly addrcss.d. It @ be cmcluii.d that stud.nts dG ablc to mdtio. .lchcnt! of Smm.tric

LCM stu&r1 w@l rsult on hypothesis I sr posttes lt@bs 6 shws Usr stud.nr ce d*nb. g@m.tdc
shap. in gEomchc ?hcre wnn c.nlin pGirios. Stud,.nts qn dft* t*o parall.l lird so as ro fom a tur wake
adoss thc *ikc ofspa.c.

Th. r6ult ofth. l,CM $ud.ntt wo* o hypoth.sis 4 is rtsr in po$re{ Nh!.r 2 srudats @ visulize
wak up splcc bccom. thc a.bs prov.d by s.lcdion of.orcct an *.r. Sord.nls dEllz. thc sFiial ability of
how |tr. sphcc orns i o a .ci whln loolin8 st rh. surfae of th. sid. 6rt h,s a motivc.

Tlt. E$h of thc l,CM s$&nt! wo* on hypoth.sis 5 is rh.r in p6tr.sr nMb.r 3 rh. $u&nt @ d.$ribe
th. fonr vi€w. t p vi.w. dd sid. !i*. How.rr, sldeo(s h.v. di,Iculty in l@king ah..d flm a Scom.kical
sph@. The intcrcstiog p6n is at tlte strd@tl privilege is l. ro &sc.ib. lhe coll.ctim of sphercs up by
looking ar the ensting views-

ldeal t@l fq hvesti&tiry th. d?dt oI spatial cspabiliti.6, allowht cnd.urs !o vielr, ob.iect! liom difi'eM1
loint5 of vip ud wu.rizinS objccls trdspd.ntly [21], Using 3D Delric6 mot6 snrddls qujctly md c6ily
tuipul.re ged.rriql hodlb of ihasc d sph.r. thst ar. dificult to l,mifd itr conqet c hsndb.& obj.cts
t251. Tht@sh tlis typc of visualiatiotr, studenrd ce dcv.lop a d..pd ud.r.tarding or the rebr,@shiD
b€twecn vake-ups ed nels [26]. Fq eruplc, Brud.nl. ce obs.rvc ho$, to luF a \r,ake of 3prc. itrlo a n.!.

Sp.ti{r acivily dtrou$ AR mcdir allows slud.ats to pr&tie f@u on r.fl.ctim, r.ssing [7], probled-
solvi"s pracsr [24 dd Hid' oldr Thilkins sulls itr thc fi.ld ofs.ob.lry [28].

Thus, it tu b. conclud.d rhar (h. study d6ig, stldy Bin8 3D m.tric m.dia lcd to d iftIte in lh.
hypdh.sie ofscdvity in the HLT in csch cl,rl.. Prc8rcs of problem solving in r.scarch d.sign is s.€n in c.clr
$€p or Prclimjniry D.sign, T@hing Expcrim.nq Relrosp.ctiv. AnalFi3 [29]. Rescarch d.sign resarch Elated
to sFiill 8comctry, also shows d incr.5s. in sFtisl s.om.try of.l.m.nrary !ch@l studdlls [30l-t3ll.

IV, Cotrclu3lon
to a rcs.lrch d6isn snrdy wirh suidcd ll,loth.ticrl l@ing TraJ.ctory d.vclop.d t8d m 6tud.nrs' etivry
hwothcsis, spatial 8.om.Ey abihy ofclon nl3ly shml sludcnls incrcascd frm clte I ed c,,lc 2. Thc av.hge
or lh. spalial abilily imlrovcmenl ol sor.lenls stoe€d medium cltegory, bu 3Irheuic medi. cnclxms. stu&nts
to h6 sparial and v..y sFrial catgdes. Qualiutjvcly, srud.nrs' spstisl vinuliation is b.Ed in tcms of
l@ting tt bujldinS spsc fiofr diilcrc mslcs. inagi ng building spacc trespeady, imaginirg, and bcins
abk ro crpres th€ r.lslioship b.lw..n g.om.tric sph6c and wcbs. This proc.s allovs studenrs to gr&cric. in
fcuinS, rdoning, r.fletins probl. soln!8 on th. sp.tial gcomctry fi.Id.

Rcfcl.trc6
trl NCTM, Why is Tdhint with koblcm SolvinS Inpnlanl ro slud.al la|Dirs?.",Y.rl. CoM.. Tefth.

l.rrrr-, Yol. 13,no- 12,pp. l-6,2010.
l2l Ontaio, G.Meh, atu, Spatial SeNe , Grud.s I to 6. 2OOA.

[3] F. V.n Ncs and J. Dc lstc, 'Mtrhoitiq Edu€tio .nd Ncwicncs; Rcladng Sp.ri.l Sro.ru.s ro
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