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Dtui.<Ld in El liE" (Azma. 199?). tn rn @ten of cd@rion, AA
h.lF 3tuddE in th. prr].6 of i.n.!an Lantry by @nGdrS vi.tEl
dimd,ti@ to @l dihcniioN (xlopt( and Sheldon, 20lo; Oranc and
I(nhray, 2019). nrc.Gfoft, AR t rcemE@ded in th. Laoht pl1).6
b...e it d frcilitlG okdlatid thri i. nol city d@ by rh. natcd
qr (rv! ei al., 201 3). Afthor8n l4y 6r{di6 Eport t!. h.n fl. of 6ins
AR i! l@in8, lrobl@ ,ith qe8. .nd r.tri@t is6 rceln aid
@tinE to .f<t 3tuddr Frfo@ (At!ay'r ad At{dyr, 2ol A_ rn
.ddidor\ i.lrad of h.vina. hiSh efier @ Ituitr8 our.md, AR hs
ben fomd to .gt . Eod@t .fi..r (GM6n aqd A.e!.do, 2ol9)i
th.r.tde 6utb.r ilvatitatid idto rtf, ecds ro b. @rdMr.d ro iad.e
nuddt ' Frfol:@c. in lfie leamin8 plu6.

Ai i.tesEtion ln lariry ne ben td6ri6ed E a L.y factor in
d.v.lopiru sddn' klwLdg. Mlrtudm in 1€e,n8 g.m.ry
(Banr, 2012; Ibin.z er al. 2o2o). M@v.r, irtddts sho $.6n y
aPply ,ltr @ b. Gt rdir.{ 4 srudats who n& Dast.r.d th. bad.

t Cdr*o.ldhr rttE
a{!d dlta Liat..mi€ro.id...c.id 0a,F. Arn)-

hr!6,//doi.6,ro.l0r6/j.h.li}tn.2o2o,.o,tos2
iehEd 26 noEbd 2orq i,*.iv.d h evlrd 6.n 3 !.t ury ,rrq rdr!..d t9 X!, 2ooo,4H+lolo 2{20 ?h.l!rhd(r) hrblrt..l by E.di- trd. Tht t e 096 .q,rd.l. uda rh. CC !y U.g& (hrp://crc.ri!(ommo M.brSAiwM/nr/4$O.

Tr'c .apid chlrta in .duotiml r..ttutotl ir rh. 21.r cotuty hav.
itrfluoc.d the e of Gchnolo8y i! lNd.nrs mdEmdo l.min8 oer,
2010; Mcculldh d al.,20l& yoo.8,2ot7). H@.., mrh.eri6

^ 
I.mia8 by lEarchm.!d.duer6 ned. b b. idonD.{ e that su.
'dat @ @dnk.cqtiring h lcd8. md stilL 6, e a!?roFi,rr. ro
the dEnge Th@Sh 6.n Ltrgu8c bd a.tid, Gacha cs @r€
s.m6plE in whi.n they d@t, int@cr wirh rhcir dldat with lh.
hclp of t .hmloty, n$, th. @ of cchnolory i. @th.n ti6ledine
m atttacr qud.rts, an ntid tow.rd th. mtt.mtis @nt nt (Hard
n'an, ,019; Ynr. 20t 6). Th€ @ of.lSmord rality (AR) tn !.r.hin8 i.
@e Ebple of r..irctogy dhar lr sujtrbte ir ledin8 b i,l@ .tu-
d..B @din... to unrtdt trd lminS Drdi&

Nri! d.6!.d a I tdlEolotCr rtlr @biE Moditlldiouldd d
thrcdie.cio,l vinlal objai. irro a r.rt mircnhdt wtich ir rho
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.bdni6 rd.tlv. ro @lkric h..hdEti6 d S.m.try {rlufmann and
Schhalsri.S, 20o3i P,ekmli lnd Thods, 2OO3). pr.vi@ studtB hav.
rhom rltlr itR incS6tim he imptietiN in iop.ovht srddr6.pd.
l()|]rrc rnd Lv.l of.p.dd lbiury (Dcshrandt ed Kn, 2ot8;
(hfuil€z, 2015i ruDfm@ ed scnnratsrieS, 2o0j Xwiar€k €i al., 2019).
SFrial .liliry @bl6 rrrdan ro vi.!.1i2 a S.m.trt6l objs-r froh I
df@r pol ot vio, r..rdo, .nd tntcgErid or fi@ tnc i .thtio
of $. 8ib objdrl p.rE (Chao and Liu, 2ol7; Nasy Rondor, 2or.t;
N€ub.uer ( al., 20 i q Oltu, .rm3: &,hy, 1999). pBiG .$.tt6 h.w
al$ ibou thlr rb. l@arh d AR shorld tunt6 sis th. t.EI of
llqtial ablity of .fullort,

ln lndoEl., !.Eral *hoob har iodet6t.n 
^i 

h cduedd s a
l@ir8 m.dim ro Ldp itud6r! ui&.od rh. @oe?r oa 8!@.Ey,
How4d, r4.Eb inrdvht tf, in t@in8 i...iI limir.d Cahyon!, (( ai.
(20lel foud dEr rhe appltqrim of AR feillbr.. shrdar! ud.r
st ndinS ot 2D .Dd 3D .tap6 r.irutar et at (2020) oelain d rh.r !h.
u. of AX oDdmrs th. qualiry of t.ahinS .d l.arntdS of g6m.riy
sbjdl, r{R d6tgn @ b. eodificd for t6ing ar rh. t@l Lv.t b thrt
nuddE @ tr8p 2D d.r@ @ th. bait of tEl te.t dB. (widi,ly

Et@ivc fi{li6 at Eiou Lvct bav. &ro.<t pd.rpd@ tord.t
AR i, l.ahin!. ln @rty dildho.d, AR hetp6 b6t rh. arEacti@ ofyodS
childtu try.rd l.oin8 how ro dnw (Oranq and KUn uy, 20 r 9), Ar th.
do@t ry !ch@l ld.l, th. 4.Iuri@ of Atr modiftddd e ! mbiL

A 8a@ clEL p6idE EdB fd tamitrt pGT.Fi@, tu n s t@io8dbuutltl .n ota6( .jd uiairy {LoFz.rrJi.r dd Lm ro20).
M@whiL, Mijid et r., 2ols.how.d thar r!. @ of arra.dv. AA by
*nidhtshs.h6l3ndot imprcv6thetFrccprldduin8l6min& ;i
serio et al., 201 :t fo!.d rh.i At @rrd tllru rtE toming pqt€pdo of
oiddl. ..lEl .tudar!.!d igut stu&!rs, D..d. duiry len!8 &,
riliri6 oband cl al., 2ol,()_ t! hisrE €ded@, AIt iiar*bdd
EUlc i! a rodrir Fepdo &d rh@by tn(]!-6 the qoality of th.
lamin*-i6hint pl!.6 (cupir .nd Bajni, 20t s),

Pereptid is td.nri6.d .s @.! od.r$t .dint or cmpreha$io of .
pheltrftno! b.ing eptD..d by rt.ir mard I!trp{4to (SinF,, atut
weins, 1989). on. my to iturty dE Frl6 of cn rsirE .hlddr., anj-
tidG ir to id.odfy rh. dif.r@€ h rlEi.elf-F@prid (Holla.d er.J .
2002). Itcr!{@, Fft€prid @ b. E8rrd.d - . !ffi! itrtdI,.r.do
of a pt6on@n. In th. pt!6r rtrrd, pqccprifi b viewcd as, ,ru-
d6Cs htqp..titi@ afr.t l.eiq 6ing 3Da.Eic (3D aad Ctu.t ic).

3ttDet i. ir o An-b.*d Ljrnins h.diu dA.top.d to jtihut r! th.
+atial ablitic of dautary &h@l srrdot3 h @tn!di!8 3D .pac
i. rhen srdy of t@m.t, .ub.i6tr A(ddrl8 to Fpi@ stuI.q 3D
tuIri. ua de.lop.d d th. b..ir of a ,tdrcn d..i8n .nrdy wnh
|r.6ti6 ro rp.rid dih@ior!, Eety, ior.don, @erru.tiv. !0.c,
G@nudio, visuiliEti@, .nd didtatid (Afln er al., 2otsb} A

_ rcleGd .udy (F.ted r[:t fi. impl@ratin of 3Dm!*ri. rthuth a

^d6i8r 
lEarch .rd, Eutts in & In(lla h rhc L!.t ot ,p6riat ,brlry

of .ltutary rh@l srldot (Adi.et al,2or&1). Howad, bo6 of
th* dudi.. did @r (Fn d!. p.mp.i6 .ftq ciot 3DD.cic,
iadudiry dt. difaEc dd ih. ct rionsbip b.r*e th. t.vd of
p.rcpri@ ed th. t.vel of lp.ttd .biXry of d.'Mtary dr@t dtuddE.
IrE Fs..pde 6n6 ihe e of 3DE tri6 ar thc s@ ,ct@l hvd.trould
b. iNBtia.lrd 6fib..

thB frr, Do .nrdy .ppa. ro hrv. .rptortd .nd6t.,p.ftllaio5 th.
difirE6 in .!d dadonlhiF of pdrtpri@ Eiabtc., @d th. Lid. ot
lqepaid .trd .p.tial ibility .fta udlE 3Do.t ic or AA in a 8@o.!ry
tubjtrt involvlry 3D S.on rrtc nrt .Lt at th€ p.im.ry rh@l ld.l. ln
fac! the 3r!dy of th. d0.@c t, ard tn. rbddship .fun8 Frcptid la.L i6 i6Dor6rr io ffiactioal rrrdi6 bo@ it aits rh.
d.vdoloat oa AR ra.hing .r.(.Si6 $ tbar th.y & oprioir.d fc
.l@rary kt6l !tud6t3 e dlG}, h.E 8@tr/ (hprz r-aictu .rnd
Iacn. 2020). CdtrFEhadv€ Eefth ilto snrd@r., Dqc.Fid dr8 .
@.edior.l app@dr requh.. q@ndtarjve and qualir.dw r..hruqus
(Snicrs e( al., 201n. Thd.{@, rh. cul@t srody.iG ro inv6d8.G
rtlddrt3' pqt.Dtid .fr.r uirt 3Dn.Ei. in rh.ir s.udy of to,nariot

,tdir,6lI,n, e462

siE a h :dditid\ dE dill@ ir a..! th. rdetioCnD bdra
stld.nt lfth oa pdclpdon a.d ld.l of sp.dd abitity ffi. inv6ti-
Srtd 6int ! d6-s<tiqral !frrdy of .l.h.ntrry 3.h@l .tudots in

The .c{eai@l .pDm.ch 6 u.€d h 6i6 srldy ro inv6tiSar€
FE.prul vaiablB dd rh. dilf.66 ir ad rhe rclarid.hip of 6tu_
&rE p.rc.!*i6 t Els std sp.dn ability lets. Thi6 m.thod @ b.
Eli.d uFi bco@.adr nudof.F(cfrifi d.t and spari.t abitir, e
collftild and th. @ of 3D!o.Eic (Geswe , 20 I 2). This s6 !<ijona!
nudy cov.6 q@titarive .nd .Itatiadw d6i8tu. IlE q@rit.dE
+!aah is ed (o invsrigat. Frc.ptuil v.riabt.ji 4 w.I 4 rh. dif-
fs.n .r i, and th...latiolship b.tI6stud6t ,Lrct of ,@.ptihandl*l of slsrial abilrla by Mnzn, th. q@IrzdE d6i8! i. used to
iN6ti8.r. th. ir{eDah DdrrFi@ of sdat3 .ftd the @ of 3Dhenic

2, Mrt ri.h rd d.rhod!

2.i- tub @la&u ro.tl\

Trt p.rri.ip.nt' (@Dri!.d 36 fdrth g.ad. irudots ar SDN t.@t-
Fttrc I lnil@6i., !,n Java Prolim. Tt. elmrary *h@t .Mots
who md fi. fonosirg iftlcio oitt ia *.8 clcd d rh. panicipanE
in rhL study: ill a 9 yeE old, (2) hs y.t ro ftiv€ natert.ft fo.
building spae, ed (3) a diSit l hdacy eoE ot 3O1 -{OO ..cddin8 to
Irfotudo. dd Cl]mui@tim ot T€d.oto8y Lit@q AlBdor

Ar th. tubiEa wd .la@rary sh@t iruddt!, .tti..l ct.aru.e
ra .o..d c follM (t) o. sDN r@hpono r rh@l .o|MirG.
(@pah.iiiEly raidcd rhc p{rpo6€ ot th. q!6timdiE; (2) rhc SDN
reahpurro I clml.@mine hsd rhe riSnr to Etu$ dE dtEiburion of
the qudtiotuaift {irhout providirs a fteoii {3) fd r!. iDtdis and
pict@ taLinE with ttr .M6r!, rh.t gu.did o. paant3 cdnpEto_
siv.ly @i*.d th. purpd. of th. int aic*..d db*tuations (a) th.
sDN LmhFtro 1 ch@l Cmnirc d th. SurdrE o. p.Mt3
ofd.d th.n Fmisiu to u* th. irfmrion obt iD.d by th.6Nd, i!
vdiM fl)m, b.ludinS aponj, publidrionr d plEoradN, Erhic.I
deihncc fd tnis stldy ws obtsircd &m ih. SDN LtullPuEo I &hml
mmitte ud the sruder! 8@rdianr or pamr'

23.1. Pd.ption S.aL lo UtiiA 3Dnrni. in Aeq T@hins
The P.r.prim S.d. fo! U3ing 3Du.ttic in clmeny Tachirr

(PsUmI i. a cu6tio@ir rimcd a. d.r.diains cl@tary s.her
studoE FKiDti@ o( ulrS 3DnEt ic ir uttEeri6 t@.nh8. rtE
P6l.rDCT e& adapted ftlm a Fr.prid qu6tjonEiE lhar in.tud.rt
hn6th.lic or.gonc$ dcdi. @.rs' I@in8 oodv.tion, ad .u$.n-
ticity (cas.alB.Melne e( al., 2017). r, tht .tudy, dE PSUDGT had 12
statmot itm Cribb r ) and appli€d a r,i&.n-ryp. eate with th. cloiG
of soryIi aSrE,.sE , dilasrz, andsrw{td&asE.'rh.n a.llltlmrof
sl!d6tt! p.Eeptic in 6in8 3Dnetrt. off4 fou ad@rat6: o)
lin6th.d., o.asing Li..srh.ric l@i.t 6t t. m.er6 (2) n.di.
rrds, m!..!rina sruddll udcBr.nding of3D oDjets iion a v.n.ry of
parp..riw!; (3) l6irS Eotihrio4 llr4uing sud6r i.vole.D6t d
&tiM66i {4) .lthoricity! E6uir8 th. contqr@l invotv.Emt oI AR
re.6in rsl objccB (aurnd(r clal,2013).

Brf@ b.int @d, thc DSUDCT r.. rdis.d by c4'.ns thrcuth d
itd pml- ftn i@ pml is ptBaled b .4.ns ir th. 6dd. of mth
.duddd &d idnmhay .duc.rio! ro .!ts@ tn. validiq, of rh. sl.,
Alrd sd.l Evi.ic tm th. .rpdts, rh. psUDGT sd didbqr.d to
lhe studcrlG wirh.,A.rlocc ttr sing AR l! l@jn8 m&emue The
v.lt&do eah. of thi! p.r.Pijon B dtdbcd in t@s of rhe CM-
b.ch! alph! ccficidr, whicn w& 6loLr.d 6inS SPSS. Ih. r6ulring



23.2. SFnd A6AE *aL
ft. Spili.l  biuty Sei. (SAS) ws poF.Ed b, (ozn.vnirov €t at.

(20071 and trcllde Avr qu..dm dared ro rp.tial @mporMri,
ieely, r.?ltgrEdoq viqallariol! rorati@, @tflctlon, an l
.onntucti!. 6pre Pr.h iran conIlIE 6y. obqu*rim; h.(., th. S S
rdFic 25 ir€G sr.d in lh. mF of 1-5. 1l. m8. of 6toddt3
sp.tid abilityE &t oi!.d frm thG 6ulc of spati.l ahiliry rcdr rh.t
hrE bcar t!d.d fc tdiliry witt th. IBIE of id.podat mpL
r t6n aitrg S-pSS v6id t9 fo. Wndo$ (palar 2Ol l). For ttE Eli.
rullry of rli! Gl., . CMb.<i! alph. ccmci@r oa 0.763 ws c.lo-
Lc4 ad it irdiet.d rb. bigh Lv.l of inuln l!I.-a-, (f th. itd!_

rh. lad of rpari,l 6hiliry wa divi.Ld i.io two, @ly, tos lld
U'h. sttddtr {@ .@idd.d a hvins Id spadn abliry if rh€i. sAs
eo6 fc .acn .mp.rEnt of .iEdal atitity fell tn dr .48. of O-r2.
Henc., th. tot l SAS .coq for dE fiv. @hFMrs of sp.tilt .bility
6n6.d ftqn 0 to 60. Shrd.nE wE sBidnEd d hrving hid .p.ri.]

^ 
.bility if th.t S.aS l.oE for qc! @lposrt ot sp.rirl .hitiry dr8.d- \ IEh 13 ro 25i dFn toEl SAS .(oc ftr th.6w @opo6E of sp.ti.l
.Dility tha Bq8.d Em 61 ro r25.

/i r.u. r. c..!*did .nd €.l'tfu .bdrt Filp.iG ir psuDcr

Th! dlt in rhi. .rudy @Gi.Ld o{ q6utljv. {d qu.lir.dE d.ta
Dat .Dly.ii pe (Mi.d dI itrd.Fdody, rnd rh. 6dts re dis-
cus.d d Dodif.rl 6dl a cffi dmt tt!.eh6 sa rca.hd
(Fawe od Anshsi, 20lq ceden lan L{w€nlamp er al, 2ot9).
The htdr.t r dlsblllty !.@ b.trc ltgrho v 8,75 Good}

TlEq@dt tlv.dat were sbjered ro a no@ltry t6t, patEdrt6t,
ed D@rl.rc. 6rio t .r. Th. i o@tiu coll.6.d f@ the r6rs ss
mnvencd itrtr) . .?r.!d!tet d SPSS. Thc nomdity r6t ts p.rtom€d to
d.rmin. sb.thd th. dnEib ion of &r. i! t)om.l q rot (Monrague
md vd Cardfrcn. 2txr3). Drra lodEliry rBr b rlE fom of rb. St -
picwilt t6r b us.d If rtE md. 3i4 i! S 50i rh. Brlt k lEn'fom.d
irtop.nd.ri6cd ro b. lllmrl (Rolsron, 1992). Tlr. d.ra ohni..d
6bd PSUDGTlt d. Si& ofo.765, Dt.,6 rb. dat: tm th. s s[ada
Sig- of 0.@3. Ar ttE EIE oasis. fd th. tso dars.B >0.05 on r!. b6.ir
of th. llr,fullty 16r, dlo thc .n ddt6 Fcpd datz ed .Fd.t
ability dar. w@ Mall, dl$ribut d. 'ItE difrrMcd b€tr@ rhr
Odcp.ion ra.itbl6 ed b.tw@ thc levcl of pcr..pri@ ..d the l.vel of
sFti.l rbility rcE rdted uir8 pdird r.t6ri thc tcvel of sratini@l
si8rifi@ (p) wr s.r to 0.0s. To adiun fo. pcsibL inteE rim .r!d
c@fo!.di!g facto6, th. teann6 Grducr.d r rSlEi@ alalysi! lo
.i.t min. tlE 3t!d@ti! pccpri8 Manwhtlc, rh. rcl.tidBhip b..
t$d th..rudcots Lvd of r.reFio and rh.t l.El of spati:'I .biliry
wa .&hi,.d h t.@ of th. FEElo.. 6rio (PR) rith 959t .u6dae

Th. qurllndE <!ata re $bj..t!d to d*nptivc @tor ety.is,
shich dtgibd rh. ltd.tive prcs of tulpln8 n6y dara ro rn hct
diti..l thcnq obtrin.d ftom inr.di.w E cripbt fidd @16, od ct $
obo.drti@ mordlngr. Conv€nti@al Mtrnr e.ly5l6 is tedllly ucd
with study d6i8s thlr aiE to d&ib. pL@n n , tuh s srud6n.
pdt pn@ or 3DE tric in 8ffiiry lcdiq in ilE ltrl,@r sork hir
O?. of d6i8, b 6u.lly aryoFiat uh6.n dr8 rhMie d laxctr
on a ph.nmc|on is llmir.d. Ihr pd6 @n(aiN sir 5r.F: flhill.r.
iatim *lth d.i., aiSlllmr of Fdihinry cldB !o deib. dr. co-
t@t of .lrr,, dtn fd patt.m d tL.tG h 3rttaB ffi rti6!6r
irrdids, @ia of tt.tc, d.flirion and @ins of thac, ard
rtFn p.odo.do (Ml(r rl., 2ol 4),

@mcimt tnlue of 0.817 ln ti@t d rh. hiSh l@el of inroral t@t5r.f,cy
of th. Itcms in rh. q(etld.lirc.

TIE sn ddls' lecl of p.rc.ptioM of 3hEEic we divid.d inro th,
lmd, Sood Frc i@.rd brd pdmpti6. P.@ptid 9@..tr
tqir.d - good if th. .rud6r. .rs6sar rq6 f.U ,ithin rt. 6ry. of
ig i! dE PSUOGL P.Tc!.id!. I@ er.sdizd d t d if rh. .tud.n8'
.6n6t efr6 f.ll sithir rh. tut. o,1 2 in rh. DSUDGT.

Thn study u..d . &te eo[..ti6 ptr.du. is !t!64 Th. dtunibution
of tlE rardr ltut ul6t ro rt 36 .tudd6 tot de oetll rb.
I4rr.n FradN fd iNgtitarilg 3tud.nr.'pscrrioN (owdd rh. @
of  R e4 divid.d into tM shgd {r) 6tud6t 3!Eti.l .bllriB wd
@rtd 66l .nd tho 8@Fd into hi8h dd Io* uing rh! S S; (2) rh.
trurl.n6 rcE git@ l@ming @jdtory (LT) in lh. tom of (h. @ of
3D6.tri. itr buildirg mrqiak dlda rh. tuFpirim of th.n ran.rs
G) fi. PstlDGT w4 tiE aftd th. LT ro m.&r. rh. srlddE p.r-
cepdoB oI GinS 3Dh.riq (4) inneEh lnrdls t@ thm corduct.d.

2.1. Dar. .oL.l@ IM..\B

2.3 3 ln.Lp6Indiy Fon
Th. Lldepltr Irtdi4 Flm .ed.r.d of ni* ce qGdft nmed

at irv6tiSrtirS 3tudots lnd.pt} Frc.ptie ahoui rh. r of An ir
mathmtje l@ing. 'tt. irrdicw qusrld *.re wi.tded by rtm
molhdatieeduerd.It.n, the qle.rim {@ t6t d in an.rperimot
eith tso 3$d.nB d.l cvir.d .c.ddin8 ro h. cdra An .rmpt. t,
''W}rt do,u fel .!our.otmdL{ Mliry f,hd yo ur.d ir in rothe
mtie l.miry? ftu, a lrudy wd @i.d ort to d.t miE th. vdidiry
of th. .lara @Ldid t@l

Tt. int ryio por@l *d ihpLndt.d wnn th. folowins n.!c (l)
th. lE.ahcr.h* 6E tu.lcnn ro b. lnr.Ei.s.4 (2) 6. itudcor.
r.ltrt.d hd hiSh &d lo* sp.ri.l abiliE6i (3, rft ia@i# ea..d-
dut d outsid. .droi hourr (a) th. inrdis {@ rddu.t.d af(d rh.
stldot! eiv.d th. wholc *r of 3DtDeric lcdinsi (s) &c iltottu
w.rc cmducted @e d onc md w@ icddsr.u.tued ei(ii rct Gne ro
the clt g@i6 of p.rcpdm in rablt a (6) .he d a ob|rin.d in rhc in-
t@is wd. E @ibrd,

r.a6adrrd|rIEdEt ! rdd,

1 ody by edt! drloE 0lle sld I E dr

3. r laru 6a&d d l.Dnr! $rh df..dvrty of
qntl. i4Er.d r-riiy odl!
l. td 4 ib. r ot 3o.d,. t Ey.ry.
ar6E3hndirtE 6Dddoalkr_
L a.t!.d EllO n dr rdE u uld.-d
@ 6. F hddi\i ell.
l I u !E! 6dEd. irdr rdlnir lrr

2.reiutbEEEddr.rnn'llsa[dd

3. thr F@3heiiortu rt l nni.

2. l.'lnl &vd6 ril 3Drkt Erri. b,qi-

3. r hd d4 3lldi. ir ul

3D 
'l... 

tm Ei.tr 4ld

T.hL 2. Fou tno6 .nd r 2 .od€ of p.E.Drion.
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3DEetri. ha *leral tmls, lmely, iMge hacterl 3D qodet!5 ed
f@tlB such a mtati@ ed 3D vi* (FiBUe t). The inaSe Eackcr
tuncddr a tn. medi@ derection in AL The 3D objecr is a distly of
objtrL built in acco.dan.e with rhe @,qeenl! of sp.tial .biliry on
mobile phona, The f@lrB of 3t n€!.ic help stud.nrr ro rotare 3D o!
jets ed e.are 3D vies $ 6at objr$ I@k realidc.

The pG6 of $ing 3DrEEic h^ lev€ral staSes, rrlnin8 ftom inilial
<lesig. to rtrdF€ctiv€ malysis (Amir.r a]. 2013h). 3D nodels en bc
det€d u.in8 either rir Blddd lpplic.tion m a.ompurd or laprop d
Unit . For the realialid of 3D nod€ls, the tu8mar applidtion i, Play
stoft @ b. ued, Ottd applicatim ilclude Unir€ AR, vufo.ia and
t@y otha. Sihilar to AuAmoq X input all rhe data n€€d€d tnrcn8h the
uelaite seid of each r!'!licatio.. In th. .lrft.t wort, after using
3DheEic in l€min8, Lhe srud.nr provided tneir .orop.nding

r. this r6adl the studdts a.tiviti6 in 3Dnetric folowed the five
step( of LT, whicn w@ d€siSned on tht bas of the lpatial @mrtrdtl:
trl rep@.tali@: the sltdots iliew objecE @ud 6y using sMetri.
model.; 2) visaliation: tne srudents vitulized rhe coNrtuction of 5!6ce
b.on ng buildinS netq 3) rorarionr rhe studenrs predided the image of
the bundinS wn6 the buildi.g is rorared; 4) reoBrrudio.i rhe studurs
deimtined the pGition of a buildinS spa.ej ad 5) @tuEuctiv€ sprc
the stldhrs d€ribcd the side vjes of the buil.ting spare. FiBUr. 2 show
the 3Dm€Eic dirplay on @.h LT.

Du.ir8 tne pr@N of 6ing 3Dtuenic on Ech LT, Ihe srud@r ,ctiv-
iiies wd€ divi.l.d into lwo s*iotu, mely, individual esio6 tud
8loup *ioN The individtr si@ allowed the studerts o ger
acc$toned to $in8 3Dmetric on thet nobiic lhoncs. The SDup s6
sio6 allowed thc studenE to di{B mm8 rherelve s rhcy wcnt
thdgh each LT srep ir 3DrEtri.. Du.inA rlese aciivitiB, rhe studats
wer. frcilihred by one cm!6nior The studenti wde also allosed to
smk clrifi.atioE f.on their 6mpeion. Figlre 3 shos enplrs of
studot activiue in 3Dtu.tric.

ln ea(h !T, 3Drnetic ,los srud@ts to reprs@t the back of a

buil.lin& dnu . spa.. with pr@BioB of rclatior; dermine the dias
onn side dd diagdal p6rt of th. spa.e; od deibe the toD, sid€, md
i.mt views of d da The rsultl hdiated thar 3D.Etric prcvided a
ru&ti. rEdim for lmin8 3D objects while in@ing students'

figa x. 3Dn6i. disphy e ech LT &*d d spab,l div J4 Ol r.pEsrdridl (21 ri$.liad@ (31 drio4 {4) ftmtudd! (s}.ffid.rivr.p.c

T
I

ahe quntitativ. dat &d qlaliBrive dat of Fcprion were codrd
,^ Mually to sim iry tne mlysis an.t pres€nrarion ol dara in ih. cu.

Mt sorl Th€ coding of q@titativ€ dih wG .did out b, providing
ol:Futive od6 A, B. C, md D ftr rhe @t go.is of p.rcption md
,atEins tho a.cor<ljlgly. Fd mplc, the ki@deric @teAon6
for statcdotr 1, 2, ed 3 were At,42, md A3, r6lectivcly, The
codin8 ol &e q!.lit lile d.la wd @ried oul by .om.nt atrtyli! Ihrr
i6, o6lin8 thna ed p.aeprurl dar, ana\sis coder flrbte 2) ss
ciated with citrtioB or ifcide{t that ffi rcp.Mrativ. olthe llsdch

Two 6.ad!.8 took F.t in tne contdr dalrsir. The perenragd of
compliece oa i1le r€g(h€G i! t€@ oa (eating code dd th€fud
shNed a high agrmdt. S!.1 cerdiutim is impondr iD tuirg rh€
reliabilit, of tle data o[€.ri@ nDl (Creswell, ]0121.

Trtt study also aDDlied codins m 6e fiE 3tudoB inrdi*ed ro
distinguish their percptioE a..ordin8 to $eir spatial abilty an<l a8e
The .oditr8 ws cai€d out by aiining cod6 S1 to 55 &d rh@
addi.g a ser ode (F for Lo.le md M for male) and age cod€, For
tuDle, mdmt 1 i5 malE and a y@rs old: hre, th. studat ir coded

Ftaa 1. rsls in 3Dnrdic.

a



ligN 3. Siud.Db Bing 3D6eric.

3.2. studenb pdcqdon in each cor4ory

T.blt il shows rh€ tue@ ..d slandld dcviarid of pecplion of rtE
35.Erd6rs toMrd 3D,r.nic, fte mm of rhe srrdor r6pdE roBard
3Dnetri. fo. all itefu in rhe ISUDGT is alove 3.0O, indiatinS rlEt rh.
srudots 84.f.lly had po.itivc pe4eptios toward 3Dnret ic. The
ave68E vatue ofl]re rtlde s pereptim fo. poinr 82 (3.16) ws rhe
lowdt. This ..sulr indidted that whq ulint 3DmEnic, rhe studor6
r.lered b a, expLtrtd of lhc e of rhe mrdium

The hi8h€.t larue of ltuddts, p.reptioE is 3,61 (poinE Al &d A3),
/1 irdietins tlat the u. of 3DrErri. .d imprcv€ the kinBthetic ledits

syle of studdts witL .4€ri@e in rpattal ability activitis rlEt rcquire
kindtheri. l€.nd.8 styl6 Th6e 6ulrs indicar. rhat stud.n8 have an
intdst ir 6in8 3DDetri. ed tnar they .6id.r rhe @ of 3DDenic 6

In addirid to rhe sratmqE re!@tir8 .slets of t€@ing mori,
vation wlth a m@ Dhe of 3.37' the rcsulE tndicr& tnar the rc ot
3Dmeric cd rorivare stud€nt leamins, The studeot ar drhutustic
abolt ledinS Semcrr, 6ing 3Dr&tri., as srar€d ir iron C3 wiih a
tum vaIE of 3,33.

Ai for the .uthaticiiy of ihe sruddts pqceori6 of sDd.Eic, the
md ir 3.2q hut th€ stardmd <lsiari@ is hiSh ar 0,92. This eulr ia,
didt6 thar the sftddrs p.Ni,e 3Dmer.ic * rcal te@ir8 rhreogh
s.rtph(m d*?it rh€ abe.ce of .onftte object d @l objati

Trbn 4 shows the r@lts of the lnd€pendot sople r r*t urirg SPSS
ve6ion 19 for windM fd €cb rrareodt itr the pSUDcT a.d rhe
der.I Frceptjd NMor according ro tte level of s!6rjal abiliry in
3Drne$ic whethd thos uith low sFtial abiliry hold ncgadve per.ep,
tj@s camot be asenaincn. The stude.t! wirh lov s?atial abniry Fo-
vid.rl a more positive p.Gprion dEn rhok sirh hi8h sparial abiliry,
particuLrly fd item ]\2,43, C2, C3, dd D1. For iieDs A1, 82, 83, cl,
D2. ad D3. $e stlrdmtl witn ni8h sparial abiliry provided a dore pos-
itive pereptid thm l[@ eith lN spati.l abflry. For ir€m 81, both
8rcupc prdidcd o alera*e prTeDtim value of 3.00,

1'€ !€@prioB of &e Rtud€nB with loy and hiAh spatial abilitie did
nol difd. ItI. n@ soc of th€ two 8rou!6 ,lio showed si8nm.atre.
Hece, both 8ou!6 had the tue po6itive Frceptiod of 3Dnetri. in @ch

T.bL 3. M.m md skd.id d.vnrilx.f $!'laB' D€ftDtim tuB for 6.

3,3, Dlfrmnt pq.4ii8 on q-ntl obdnig

3,4. Cslddrn 6 patqtion l*l dtd qpntl abilry loel

3.5. Obtainihe on k-@tth uak^totdng oJ p@rDti@

One oa tne chahcl.nrtjc of & &GsKiion l srudy is iB M of PR it
statisti.al cdcdatiG. I! tLis wdlq (he l.vel o( pe@prion is categdized
a g@d le(.ption ed bad pqceptid. llhd PR b calcul.red dd rhe
p value (siatilti@l signin@.ce) h obtaind, the 5igni6@nce value is nor
&e se. A cak iB eid to be srMet ical whd rhe p !.lue Edr. ue
uequal. The nagnitude of the ditr@. bet,es CvalE d€pend. d
the difier@ betgM rhe proporrim beinS .odtE€dj hdce. iI tuo
proportioG e de to mch other (mund 50%1, lho the difr@.e
h€tkm ihc two EElu6 will not be too !.&atic (cumm innBs, 2OOel.
'Iable s shoi6 thar the studenE witll hiSh spatial ability have a pmpo..
tion - 53.6%, which i5 clsifi.d as god pdception; *hs@s rh@ wirh
low spatial ability have a pioponion - sr.l%. 'Ine Mo prcporrions do
,ot SMdy difier, d tnus, th€ difidoce in p values is nol signific t.

In i .rB-selionar study, @earhe6 ntu. stld.nt outcomes ed
e4Eure ar the ene ame R6€.rn.B c& rludy the relarionship bc
tween rh6. ruiables. They cd als rfriL study pdticipanb md
mine the erdtl i. thir Fpulariotr or estimate the pElElmce of .e-
tultr i! thGe swey€d Table .ir shoss lhe hoo.wdt !d!e o11,01s,
whi.h h.s that the lNel of qFtial al,ility d@s nor afier the ldel of
p.reption abour rhe @ of 3D@nic

lnteaiew dat @ sev6a.1 f&toa that .ontribule ro €acha de!d-
opmot or a5...ffir of cdplex perceptjd (clarke €r rl, 2013;
crjo6on and call.Bhlr. 200q bo 8 et .1., 2017). The intediew rellts
in the clll@t wck hiShlidl rhe facroB thar c.e p6itiE pereptjm
towdd 6ing 3D,n tric. Evid€n e fton fadors in d.h Gte8ory is pro-

to. @te8ory A (kinerthetic), evdal studdrs sh@ed a good fmB in
l@in8 Seometry firou8h AR becalse rb€ 3D,netri. h€lped thed rotste
irag6 tu tb tn.y could und6$nd the side diagon.l6 d tne diag@al
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T.bL 4 Rsd6 of inn p.!deD! ldd. .rd.

studenB virh hish ry.tur rliriry (n 2r)

of tlle s6a.e o tne buildins srace. fte int@iM showed thar the st!-
dmc could otate a spae jut by tuning rhe targer inaSe *6ntios ro
tne ins!ru.tioM of 3Dmetric, Th. students sid rh.t widr 3alhctric! they
wer. able to fdu on leminS rhe mrdi.l buildirg spac. orn6 srat.d
dEt they ould uddsrznd ad p11]t4 Mrdids wirh 3Dm€tric !@r!
e.ly. An el4lle is ilrem s fo[oBl

...Xs Mn! 6citi,$ li b eitz dE thtil @d ds tbt wt to Neiw dd
T'(,6,ne naololn tls any. tats of ntu,liidtt .@b. obtnitudtenit
3DneEi.. (S1M8, A1l

...N.\ ils iun 4 conq,td gdne, z,,a dE tuA' irlae .otfltuB tt ,tt E-
To lo@ lw @ objet ii bzi[S tun Ed d tutuled (S4IA, A2)

...v6, t b4@ J@ad @ htuiig yith 3lrwtic I ilott kt@ vrto
lM mia l@niisbu,ue*hat ftu l@@.li\ I dithlse ihntngdnd\
tit lwniie, n B tuaty, s t dAat rea !oo. (S2M9, A3)

In@teaoryB!sE€studot had diifrculry ir uing 3Dmerric b..au*
of theL inopei@cc ia aing sr@rtphd6. Nonerhels, for somc of the
studdt', tne iNtflctids helFd o. allsiated thei. dimcddes ir ujnS

Eunarr. t p<aibb al 
"bje.E 

rn dd @ ,ln| ,r.di@ (s2Me, a cmbi-

.-At t el rina I uyd t tot d qdz nE b&n w @ ir,?rui,.€ Ln U
3Dnti.tu a@t Erewn@trutiiokddt g*nt dE codd&

ln ete86y D, $ne srud.nrs fett that 3DDetdc is real or S.ruire
HNeE, ihey rhoughi l[at 3rhEr.ic b real in rem of DodelinS ad @
ths ladlitate th€ lemira pro<*

..J thitlt tlu, I hM bdd@n fun Bing 1Dtut i.. l^ nV otitiot\ dtn
geMt, djecr t e eal thot I @l lzcl oiy bMd@ias bz tm virtuol
atrd tdlr. (S3F3, . .ombimtion of Dl and rr2)

.-JIN .M hc no<hl in tu nEdim lo*3 ftal? 7h. f6t tiru I es i1 t
w 4@*.d H@ ctu a chdr @dd aW@ vh.n dut w N chon h

Tle r6uh .Lo sh@€d $.t (he lrud@ts b.lievd tha( 1h. *e of
3Dtu.Eic trEles 1@in8 Semelt, 6D dd l* iiiShteing. 3Dmet i.
tEitr stud6k' rp€tial ahlitja ad helps rhd @ily udersted 3D
buildinS @tqials, thftby lcaditrs to impwmente in s!ud@ts' a@,

.,.Motbe dE initul sdrl ti@ is .till tana?ins- Crt ,ime ilt eqsy ,t w,
No@, thn @e .La iL\dutio6 to e so 4a rith&r 54.din@
br ttu tuh, y@ cd e t rdn*$. (S3FS.BI)

..-t.@d @ b. nedin,ihan b€irB sr-p@i!d by,e@hr Sii d, a

ftieidofnie@'t& a atvart 6t<5 @ n nE Eadwln h,,p- flEft
aisl1t De ,.ll@a! xr.e iE nid! haw @ aart a sw,lphn@ b4@-
(s488, B1)

In cateSory C, s@e stld6t' inhcdiateiy SaiEd inleBt in 3Drn.t'ic
be.!t it aUowed tl'o io plry with rmrQhdd espocjalty .quipFd
tor AR A5 lhey ed ir for rhe fi6t tioe, tlrir ude6rlndinS oageoet y
wa aahieved 4ily. It. Btudots' inteftst indicared in.t@d leeidg

...ty@ w 3DnEEia d[i. vil natu !@ erclteil obon bnlg gmn,
bs@ ,b! e tuitu olnut nE oild hd aW.6 @ nE ,@qhdu
lil:ll@ ftir ir,rr6^tdn lttruing d1t ediM nit b dEspinoJh@i,g
6itg this nkni@ rhis At .tdiw bo.$Ed nV efiui@ i Mllitg

ThissfldyprovidsdErestlt ofe i.v6dSatio! into the p@€pti6
of rhe 6tudstr ot a primary $h@l in lndonBia toward tIE e of
3Dm.ric RdlB @ obt ined from rqo levels of sp.d.l abiutid of
stud@t! on the bdis of a sB*tional rtdy. Th. Mir nndins is tlar
studots wirh hi8h end low s?atial abiUris laye FEitive p.rceptioM.
l'liB p.sitive pe@paion is tne eme as that exFctcd frm elenentary
studenB wl|en Blng AR-ba*d nErlia {C.heo AlBo!.a cr !1., 2019;
L6Dd'F.ican lnd J.en. 2020; Wen and l@i, ,0191. Thar is, do nol
dire.dy led io succstur k.mir8. AlthouSn OEvis nudi6 haa€
indicted d€@alad cogritive load in the ,{R-bs.d lminS contqr
,rahnke md Meinke violl (2013), ths. d.6riti@ My iDply that
lcameB' p.r.iv.d .osnitlv. l@d ls not rhe 6ole Mtl6l fa.tor af(titr8
thet spatial ability (Amn d aL, ,01 8r).

1. Dis@ion dd co..lcion

t.bl s. Preuloc F.1o of tb€ ca.Ltbo h.twM ttud.nr' spalid .biliry md lecprid dkol



one of rh. inllortet 6nding. in tnjj study is rhd mj.rdb sD[c.
good co dbution, whlch is E ecred h their indesed motiv.tio (o
Ltu 8@me!ry in a 3D rps.e. Oian (201 4) a.d ehang and Hudng (20I sl
found tlar in lemin8 viru.l ar$, tt€ tedi,8 motivrtur ot andtid
and saBfacnon e b€ttei @red in d ,{R-b.sd leding ervnlmor
tne io a slidebed leaming eviroMot. lvhen rhe stu 16r!, leding
notivstion ir AR b.*d leming *d independcndy seeyed, the
attdtio and oniddc of rhe srudcnts wee highly .ar€d.

In ad<lition, pciaiv€ dceptim &., imr*d mtivarid i*
66ase of rhe supporr of LT, shi.! gddes rhe foEatid of srudenrl,
rtEtial abllitiB dunn3 lcminS activiri6 sinS 3Drnebic. psiou
studig found that tlrough slErial-b#d acrivitiB, partion&ty repre
htation, vi$alizrti@, rctarjor\ qoEnucrid, dd c@Eucrive spac€,
the spstial ability of €l.mdnry $hol sruJoLr ino..B. the soe
pmpGitid wtr stated by olbiaSbonhia er at (2019), whoeiplai&d rIBt
the sratial alility of srudstl.is dlring activiti4 cidg AR ad wiu
tfius l..d to pGirive sruddt l6epti6.

The leLtl of the pR dnfo(e ih. Ending that m ElatioNhip exini
b.rw@ perepti.n dd sparial abinrr. H.nce, the studots tevel of
pe(eptim to@d 6iry 3Dd.Eic is sor inflnmcd by rhe lev.l of then
slarial ability. rte sme.sult ir go@red by the intenios, in which
th. students provided a god p?rceptio of rhe N of 3Dnet ic in
l6ir8 8eonerry. The retrdeB nor€d sw@l ohr€roarioN wben
interiewiDg rh. snrd@B ,fre. Bing 3Dmctric ro dermine 6tudenr re-
sporg d mie awdn6 of Ni!8 AR media. studois @ ue

-rlinEthetic leminS styl6 whm 6ing soch nedia Sruders c te@
heE€r std they eqdilMt or @ AR media diretly in lefring
(M.dina s,..2019 Tyas and srfir.i.2ot7l s dEtrh€ mareriat cebe
app.opriat ly.onveyed-

Add. Eon gmwilg posirive dtudEr ieepdG ad inoGing rhei.
spatid abintis, 3Dderric bGtr dddt ry shml studdts, co8nirive
ldrl,@ne in 3D sFe ge@etry, ltp liteEn4 rcvis ad rhe 6nd-
inSs o{ ftk nudy show rhal 3D ihag6 6at si.l in thc Ezl wdtd are
worth h@ tno orhs (ioag6 o. words). Attmarivcty, * rhe
et.denbry s(uddts adiitred, 3Drnenic help6 rhem 6ily uddrznd
3D st c€ gM.try be@e AR support, visua.liarid ard i!t@dio,
Thus, w€ cd.dclud€ tnar 3D tedek gl, s.h a 3Dmftiq erhacG
th€ t@ching dd l.ding of nathlmtiG, dpe.ially fo. eldenrary
*hml studat . In $m, the 3Dner.ic applicarion @ in@se irfor
m.tion N8t ed ac6 to lnowledge dd b6t digibl incturior ed
inJdMlim. Hoswd, othd rsdts indit.re thar dE m6 of shrdmrs
perceltiG of Eedia @6 it lmcr rh rte med o{ orhd cate8o.i6.
Althoud 3D te.hnolog, is still at is nfacy in tctus of rheir alplicarid
in edu.dm/tdchin& AR ta6 b.eo ihpl.menred ,nd rtlded by
dilteenr authoB in Eious 6.kls (clr.n,2Olq Donrjnglcz et at.2012j
Xamd ren er r1 , 2013),

In this work, we codude diat elmotary s.h@l studors in

^hdoGia 
have a po,llve peeprion ot3Dmetnc uag. FSardles ot$e

levcl ot 
'lreir 

sparial abilih. Th. drfr@nce jn rher Frceptio.s is not
infludced by the ldel of tnen spirial abit+

e invdtjSation into rhe rebrioship of perceptio wirh stDdent o.tiviy
dlrl.g ine !r of 3Dnetric involving a larSd nmb.r of srud6ts.

M.F. A,rn, N. Fediymto, H.E. Rudyeto, D.s. Nu. AlElah, H.S. TorrDa'l
Con .ived ad d6iSned rhe dperi@nt$ Perfmed ihe expqimdtlr
Analyzed dd inrerpmcd th€ <lara; Connibfied ragents, Dareriah
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