[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

g edlio § 3T b g (3T il g (5 3lwdiged y (Siao (W0l (595 (51,21 g 2150
S i god (glgass

EEE‘;JLQ GA;LD
g}“"))s ML& ).05'5

sS>

(ool Sleilee Soo b 4 L2aL (63,505 0l p Sl (S S 4sed Sl Al $
o lb sy ol s ol pale il s ol 5 A me o olais]
S ol (ol oo ol psle pss 53 Silitisend e (5 S0L 55 (sl
ot 48,8 00 Jpol ol 5 WLslS 5 (siletised (65l Slghoms b Jsuol
e Oljgal ls 53 (Siltised (SlgliS 5 posgia (52500 Al shiie 4 45 ol
oo 3 mae o 5 ledngy o b B 5y pe (5] ke es 4O
St 5 palis £ S5L o O SKr spst wsilotise o e 5050l
Olaasioe ypio 1 S, Lo Asip b osnd 0 pale oo oo (iludised
Ol b o 48,8 )15 il 250 5 0dd b Olodes il (sl 5 S 7 5 el
leil st sy ot b oS (sl slite 35k sl 5 eSS 2 OF sl
O Jald oty diyed Gl iy IS 4 olsS 00,5 b Ogail oy = Opail Ay
Jeloi ey I Leesls folomi (Sl s 03m Ol g aiia gl Lt aal b
S5l O sy Sloasil bl Gl okd (555040 0 piiodin poilsls s
sl Siladised o e 5550b odigel b SN oS igel s o s
Ol o Lilo3 S sl s iy gol Solzo 0 g 0 45 Conl 5] il 1 i lilocls
Silatised i 52500 S b oS Jlisal il (siluised sletiS (50550

o> i gel Joldza 0 gud b a8 ol il gl ity 1 i oolil o> i sol

Sl gad i (6, 83L (gl ol (SlediS (o sgte 5,550 T}.Lp (Slwdl gl Zb\fjb KLY

WY oy el AFIPIYE il pusls
maede.maleki@yahoo.com RIJP RN VR INC S-H PR S UV P JURC CIP . SOPeat Py
fardan_h@modares.ac.ir (J s 0y 3) O 5 osiks o 5 oK1 5 5 ol 05,8 5Le2is™
e.talae@modares.ac.ir O e S oS3 (5 5 S 03,8 5okl ¥
j.hatami@maodares.ac.ir O cpole o o5 5 5 e 05,8 L™


mailto:maede.maleki@yahoo.com
mailto:fardan_h@modares.ac.ir
mailto:e.talae@modares.ac.ir
mailto:j.hatami@modares.ac.ir
https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

\Y?o,m%;‘,r,L«JuM \Y

QR Ay 9 Aol

Wb 5 i 035 L (555 Aol oS p o Sloosed 4 55 Lpsle o 5 (5500
Y T 5 ) Sl Slads 5 S Olisel S50 5 ol sl ils ASE
LS 0,8 o e 213l e 1) ke el (g Salmanal (slao st cnl 53 O3 sl L1
Sl yed el ol ol Sos gl e 2alS o s guad cpl 5 358 0 1l ey S
olan LT L e a8 a8 s dalt pode (sl 13l ad slae sad bl 5 LT
(Yo ¥l S) odls dals 3 1y b agddy sl 5 o

il 53 e (53 astr lulii sl me 5 LSl GlelS  ASE sl Jl- s
w5l G ese 0l s psle S 4 OBLLSL S s el R J- s ple
S a5 pske ol las bl oy cal OOl K TSNS) 34 e el
Oler Sl by Sov Sl e a4y Sl Sl sl Sy By ple oS Wiias 5 S 0 ASE
5 ol s e s el 5 B aeS bl sk 4 Ll ST sles ez S s
T XY e Sl 5l 58) Ak (S35 ,5 5 s 35 3 LS

A ASE L bl b s lpls B 5 (g5 ael s 5 VYV JL 5010 s
03 gy 5 plnl s pske s Glaal s A5 5 b Gl s — Al S,
OB X850 058 ;855 p ool ASE 555 L LOYAD (sde) sl a8 S 51 3 1S s
Shoslsen Ol Olysel 2ls 5 Shas 5 ol oy sme = 28 5 yme —o i Sl sladnl 3 s
wria g poler al Ol 51 65, 5L SG b Jler a6 sa addlle s Ll oy o SSLe
ol el OYNN UL 5 o S) Sl o Sl ol jsb @ 0,8 o s
Oga3l i YAP g sazmn 53l al O3 sal (115 oS e3ls OLE Yoo ¥ Jlo 55 5as Shis aslllas
[~ Tl 03 Odiagd 5 00 e Sl a0 B 51 0l 328 ey Slaasl b cline (63 Shas
sl Jo dmesls Jdow 5 4 daag i sl O olesle s Ll Wyl 18 YL
S v 3 el 5 b o0bss Rasn Lo ele sledss 5 Ul oS8

(Y' 'Y’c()\)&.&.ﬁ 9 u-::)L‘) "U)"’ )\J'; kﬁli

1. Louca

2. Zacharia

3. Gilbert

4. Clark

5. Sengupta

6. National Research Council


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

¥ Gl gl o S5k 6 Gl b

LS a8 e oLl O¥AY) S5k i) 51 e 4 OYAA) slasaly JSos, 5 JSoel o
Wl Jo Ogz lolen 4 Olisel (205 plaws Ole 5558 55 a5 Gleipes] S 4 4 5
D) a5 2SSl s Sl Sleolge st s b a3l il b (¥l
238 iisel leday 5 s Suss 33,5 e Wi cnl Sl pis A e a5 ol
ls bl 3 aBly Cand ge 4 Laanst gl presS 3 lsbae S35 Olgily

sldano 5 b s, (S50 Ol end 5 shite @ glandllas 55 (VYAY) 2ialS 5 (5,03
5 bl Slakes o5 LBl Cos D ol & oy &l 2 psle DS el slatal; o
osliial g sle s p ki 5o Lesles pl 51 B W sl B Slesles o sl b psY sleslke
ol 5 a5 b osls LA e s l5 (Slae sk iy 53 0l plonil Sleldiagy cp) e Dle S
G o e Oty b o s | 358 oSS iy Sl il BB e Olales
23 ks Gy Olos doss S LS 5 e el el Gilim (65315 8 5l gE i S S e
(ol ) Sl Wl Sire el gl oS s ol ol @ L IS
(OTAY

5 s ool Lale dyls s OBWLLESL 058 LS5 sk 4 T slens Bl S
(b Slasdiy & S e S5 a e 3y Gl el 0S5l g 5130 g
23 Ss) dex Sl iletiped spde ke sl 3 LECE e 5 e Lol
L el ool 4 ol o esls Comd | bl laslil 57 ol Sl o i 4 &S Cd
ol G ey S gk S ple el 08 ke V) UL otk
oAbl sl ol slaglpl 5 AU L 5 el sls 6,SsL Slads sk 4 Oler
ol el s a3l e sl ol UMbl s My (3lakipes  alins
Al o b s AS e ASE OBXL,S5L s w4 il el s el o syl

Lo Sls it sl 6,80 4 L oS Wik b S 53 Jla ol 31 0SSl

. Model

. Modeling

. Constructionism

. Cognitive tools

Papert

. Jonassen

. Semantic organization

. Dynamic modeling

. Information interpretation
0. Knowledge construction

BPOONOUTAWNR


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

WP o )lod ot 5 pebed dolihdd V¥

5 olis) Losle Cosa 355 S0 5l el Sdled 5 0Ad S b s sl
(V49N Ol

s 53 6594 d&jyﬂ Olzasie Cule 3 40 «\‘u'yi 5o $Sb) sl J s
g T T e g P e e S VP SR OIS P SPoL
(Y L 5 ) as 0 SaS 58550 ol - 2 OBL S50 4 5 55d o0 SS b il
Sop ose 4 base Sol 5 sbel livly g AS e sbel 1) Glaes ) poesdle
308 U5 5 psle conle Slles (g (ualie (ol b slinly 5o SoadS L slaslis
Wl Jslie 55 gl (slgellss 1 5 el o 4 sl b s IVl (sl

s Dlallls o sl o5 53 0l S0k (S Sl digad Sl sl SASE 5 L
T Sls3) Wl Sl 2l 5 AS s 4 Ll 5 il 0l plnil (5l sad S35 oS
S Ldizas (TY) L5 5 S0l odle (YONY (Ll 5 S50 oY eed TS
G5l 5 il 035 S a3 (6 85L Wi 4 (g3l gad Jgamme (S35 0l plal Sladllas A2
b S5l g 3550 Bl e GBI (g3ladi s Al p IS 3 S pladl b 5 LS 5 o see
RS

ke bl b 5l Sal aul s Ve &S Sl 0B ,SL e sgie (5,50
ol i i o higel Jaie slassaly Goob 5l oS Gley b amlie s L S
Ll 1y el A3 YO O,k ol dizee (1840) ©pila (Vo) r 0L Kan 5 o)
Loassl b Wl S S 5 oiws 1y assl Ve 5 Wlodss 5 sl |y il dsys YO
pohe LSS o3 s Shass oLl e sk 4 iles S LS Jes 4 s Lle Sol
SRSl Ayl > AV oS S50, Sak asehe b ol OLES oa3jl5s b S5 Sitge sblis
e gy b S cd GELLSSL ) e W S0 ale bl o b
s 5 (1) Ohes 5 TSl (V) Oan 5 o) ssdie esls eys T w
A5 Sliladised oLl 5 el (b 3 S JBL SN0 esghe 6500 sl
el iy (S e eslinad sl a3 5 slad sed 5l s a5 SIS0 S W ps e

1. Modeling-based learning
2. De Jong

3. van Joolingen

4. Minner

5. Hansen

6. Chang


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

\o Gl gl o S5k 6 Gl b

Lok, rld glasaly 5 Wiolee (Nls 51 slasgame pilies (3l sl dul
5 5Meb) (S3lats god SleiiS sl Cow 45 (V49N OLKan 5 3,585 mal) Sl (§3lats go3
Saad otle dola b (V08 Ol 5 T 555055) (ilasised (25 Sole L (1010 s
ol il ok 1S5l (w3l ileaise GledS 5 S SUS lpduaik s e gl
1) 035 o, LE (Sl pas LS Sl a0 (Te Q) OLKan 5 5505 Jlis Ol g 4 .o
25 b 5 Ol ke 4 A3 slaa B 5 dalpd b Gllas | ey OS,S0L @
b 550 0y
bl s, se ey o Ky 5 Dol 5 020U ke 4 L yod 51 0BS5S0 @
S e
3 e ey oLl S35 5 S w4z s L1 0SULS gladipel OB, @
s o ol 3 oLl g anslle 5) e Ldr sy S
2l B8 B 00 5 Gahe s omd DM SR sk 4 1) b gal 0850
Las o 13 Sl sy s e iy slal b dal g
S lis w1 OF (g3lued sos diig LI &S Lls Oledl (Yoo A) (Kd g 0y 5 Slrss
e BLET 55 s Sy 45 (lesls Sl 3 iletisad dulp s Llare K dmly ol
Ll gslaaised S Sope 50 Ll e Sk Cld S A s gileaised S ol
S S e Ol (Y009) OLan 5 sl el osdle 253 Gl sk dnl s S o
poete 3Ly 5 leised Gleioler Sl (Shs (ludiped Al sl S S
A3 b els dad anllas ol 3 gyl SIS e, K0 Lol 1Sk (g 511 S 55
oo 4 e oS h5pel glazpals Dol L3 s a5 by sileaise ady 85
bl (5SS 035 e DEL LS (s 51 5lot goi S S 5 o sde 555k
SS3L Jees oo S cnl 55 aans 1 (letisad e S5k 3 S0, ke«
b S 15 ASE 5,50 OBL LS50 (i Sl Goletise SleiS S OB LSNL e et

1. Stratford

2. Shen

3. Schwarz

4. Bravo

5. Modeling practices


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

WP o )lod ot 5 pebed dolihdd \#

g Slaal
2 AU L gledipe e 6,500 @S sleShs s bade e 5 s n)
o 3 53 Gl ged SlediS 5 ealis (oS
5 osie SRSl Ga Siledised n e 65k S Sl el G ) Y
gl G515 (S5l pod sleiaS
SRy OYlgw
srsie S5k SR sk 4 el HLb iledisel e 6800 oS
Tl 2leS s o bl Canlie s5lati sad slgiiS 5 OB S0
ol Jol e am glols (s5ludd gos gi.‘:?ﬁdjsbki ngil\.\'
Silotised SleiS 5 aspie $Sh L ilekise n e @SSl eslizal G
Sl &S Ol ol 3l
ORR9H N9,
5 ok Mk O ek Ol sl Sl e culs 4 ol s o
6L S Sl 5 S e ol Je 53 ol @ plis sk 4ol sl
et o s &0 plitns e &l 458, S & s ALl s il sed e
il gad 2S5 msgie $SoU S S3lekized p e oS Sl eslizal G s
gl G b Llodss 23sel (3ludised e S5k 68 L oS 2y S 0I5l il
o b3 se SRl 45 Sy g oo S e lie clilodys i gel Jsldie o 4 4S
S5k 53 O (S8 oo (silusisnd » e Sk wun) 3 3570 mlie 5 Lt
S 5L Se e b ponirlb esd o psle s 00 Giledisel GlglS 5 el
eed a8 1E il 2 5 ekl (b Oledas Sl 5 S S s el Olaass
aaals yy w5le) 5 sal SBIe Ll sl (b 5 sl anlllae G a5 b
Flw slp aledoly Olse w0 (Lallas 5 SN guame lpe 5 S50 5 masli Glas pal,
Gl i 5 oAt ol sleShy ol il Ul Gda b Bisel LES 5 ko
(Yoo Sl 5 ol (Yoo Ol 57 ST 05 05) Al e sled a4 T sl 5 =1 b

1. Design-based research
2. Van den Akker

3. Barab

4. Squire


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

WV Gl gl o S5k 6 Gl b

L GlenS 5 Olegas dag ks A5 ke 4 Lo S Sl Glassee 1) sk b
Lles S s ably glglaes 53 ol 6,85k Gnls 1 3 S6 Co gl

5 Os3lot) ol el S a asn b 5 S, Sl skl s 4 S
Johize gt oS Olygel il 51 s as S L (U8 5 mbesl 605 55 b 0sa3l
L s Ol SR S g pa SBL,S5L 23S 15 aglie s oy elys 250l
03,5 Olge 4 LedlS alad bl 5l Gy &5 Lap Y40 —4F Lot Lo s 02is
Lo a0 ols) 5 obl 48wl Gises O 03] i s i Sl ol S 5 ioles]
rialosT 05,8 Ol sal (515 4 (53l yas Sl 3Ble 5 e o Ll 05 8 53 0130l i1 (655
GlaslS U 4 by e s Glgme Glaids Vo e i Se 4y SCiags S el el
s il b S bl a1 GlollS a3l sl s op S 4t xS
Olaa e 5 poss Olan (slymn 538 1l ubesl 65,8 (555 3.0 0l (b (3Lt gl
L Jle € asb) Jolie den oS 05,8 53 a5 4800l a4 3,8 sl oS 0y S 55 aly
sl e (G3ladigad A3l B L (il sad 4 a5 e o a (W Sl eslinal b palie oy S
o sl 4 s laGize Oga31 ol Sledlad 5 Sldr pledl 51 ey tia SO A ol
3 0gesl s e Sl A3 1l 058 55 a5y Siletised GlelS 5 malis (S50
S A eslinad FLis S Wy s ) 005 bl Olme o Se3lll gl 5 olsme 2ls)
Sl JS 5 silesl os 5 55 5 Jols baesls Lo 5 2 sk 403 /AY 0T ltie
A eslial o e Ay Slsla S o (olel 2, 51 leas S adsl sleisls s
S Wwdiged 31 (e (53530 (oN) polic 9 LS 329

ok 4 o3k S S e s leaises e S 5 ik Al 4w L
eske Saipel Gl YA Jlo 53 o 51 IS oS Jpol 51000l s ) B el
2o 6500 S leS s 5l L sbl gl il es S T €lsld sl o3
Jesle 035 ees BB Gl Ul Sole Jsel ol 5 e AE S Sileki s
S5l B 5 ALK sl K 5l OBaLSsk 4 S S 08 cusy LB
s jonll plsle

1. Kali

2. Linn

3. Making science accessible
4. Making thinking visible


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

\Y?o,m%;‘,r,L«JuM \A

5 il s S 5 il il sl sy Shs a4 oS ilse 5l S (S
(Yer2) OLen 5 5lss sl (3l gad Aol b 2 lidi ae S el o OB, S50
(s OBL,SsL & el OF pikies ilaaisad SLeiS CuhS L 0ol plowil oS diditas
ol Oy oS Wdizae (T+40) 'l 5 55lsd S s 1y ke ($3luismd Conle 5 Ll
ol il LS 65 S S 1y ke coale dlS e & OBLSBL s
s plxl sl

e leiS s oud S s skie 4 OB, Sl oS Ldiee (YVF) OLKea 5
S 4 s Sl dls BT LS 1S pa SlediS 5 A Cond il Sl e sdle
5o onl 3K 5555 S ol s Jlslas gk 4 Sl B st alae WL S Tl oy s
Glolalis b me ool 4 Y018 Jla 5o (GBS L3 wlidcd e gl Bl L
by csle wol B Oad 5oblas 4 s 4 e oo slezs bl <=L'9.>| S Wl es S oyl
sosle alp 58 I s ges wthac me glaed) ol B sk 4 T s s
Shls il pl Lilesls 513 o e 1) (g3ludgas 5 IVdal (o slelas (Bl 2ol
o3l> o Y dsds 5o &S ol Cbbs 5 4 (s onle  HLACS xe a5l
el 0l

SU s el Conle bl 353 0 a5 (5,550 55 Sk S Ss) 65, @ 4 S
by Sl sl spms a4 OBW,SL sl bl Wl sk cilbs
o3Iy QS Ssl o8 3,80 13 eslizal 3,50 (25 sal Sltal gl il o 2315 530k
Soasliear p e 653k A6 Sl OF 51 Sl dalpd K 13 Slnly 5550 S
GSoL oS o oals L sl 3 O Tl syls (Ko 0k S5l bty 4 (g3ledisal
DN Oen 5 6l 5505 uits (2551 5l (5008 030 oleialy Oy (255 1 ke
S5 A edd Colds o (9ol S5k 45 dilesls OLES (Y +4) OKes ? S

aS Wl esls QLES (Yee¥) thf»:} B C.ABAS Sl lodalin 6,850 5 lala,l b 6, Ssb

1. White

2. Berland

3. Epistemologies in Practice (EIP)
4. Alfieri

5. Eysink

6. Klahr

7. Nigam


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

\4 Gl gl o S5k 6 Gl b

Ol Slalllas mols sl 5 J5e o dilalds (iS5t 650 Sl e 5 Shas salin
ot OS5 Lol ol g Dl (300l (slas Sy 53 0 S5l Jlunds oS das o
e S Lo il gl nl Ll Gleg ax 5 S Gl IS e sdir Sl
s e UL 1 5l oBST slae s (5,58 4 ol (3l gl il s ke oale
S 3 g ol e udbge b Klg o Sl LS (iledigas Go b Sl Sk Llesls OLE Letas
L dlg e ol GlaslelBass L5 515 (53leelSasS 5,5 S o3Il 4 08,850
DS 05 5 Kb 53 g plesl ik Al dim b SS s b iluand il o
o 51 (1008) Sl g5 5 (Y00F) OLKen 5 o (Y00 F) Oan 5 'Ll S ((194A)
Llazils o5 gy U Gla bl 4S5l 4 oS Ls s ol S
aaidly
ot 5AS0L Rl sk 4 ekl alb (ledgel e 5500 S sl Jlse
Sl e s 4 ls Gl (ludigad LS S 5 OB S0
(S 3l gad BLLECS jan day 2 ASE Wle pole Bigel 3 e cAae dpol & ax s L
Gadis Vsl (gilediser Aol B s (leolBasS sleds, 5 Goleaises Al b Coals
s e OLE ) (3lei gl 2 gte (5,500 (65800 edins LSCE5 el 0 b s e

Silbiges p e 5L 58 edans LS5 (lixl 4 by e slad g N x

Siltisal e S S o i she s )8 el e

Sl 5 5 ool s dle b 515 Se e L Oyl sl

A-UDJ;I\:MDA,:‘)()'Y\:JLG\JUQ‘br*‘)))):’?f}ﬁr-_sﬂuﬁ4._!\:»:.—-‘!«.1#

Sl boasls «ledbl (55515 5 L sdalive 4 OB ,S5L

1 e el Lo e aalllae o sy 4 oS

otel S

Sl s poalis 4 ol 2 e bl 6 ,Se e b QU)AL;JL\
L3S sl [y 5 55 45503

Sl 2 e sy Gl S 0B ,SSL

S e sl 0l (5515 8 Sl 2 b ssls (e

sl 3 b S

5L¢,_M>L<~af_ua.;vﬂawy-a\ﬁa@b;)s.g,,;;,g,ﬂu;;u 503l med s (sls 0L it a Waaises 5 OB ,S5L alyl s
ALsls hsled 5 S e ol a5 ge ey g Sy

oslal 3 51 8 ol sleasls 5 badlge 51 eslizal b Ol5sel 2l | @35 5 Coms a5 L1 0SLS (sl sed 080,550 sl S
i L 35 GlediSan (a5l edd S| Gladipad lsg ok | anslie Syse cidr sy St 5 RIS, 50 sy oLl
s S s e )3 olsssl s

L LU il 1y Cas bl Olsel LI e 8 OLL 1 e 5 o S EI ke 4 | bk sas OB S50 -

_ SN
S 6 S50 1 3 g e Kled sl s w0 &S G Sl sopm ey bl b daled b 88 B s 5 s i
s e 3 6,50

Ll s 5L s & el 5 VI gl b Sl il | 3 Fl S Ol w el o5l 08,0 sleey) 4 Canle

1. Quintana



https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

\Y# ojw%jjpwuw

03 edd ke Jle by s e el e LT 5 s

sls e illa s

LS o ST LS e s SV ge s

Wl sl Olspal il (o 31 adsl sad sl 51 gy addllne ol 53

Lol sl w6 5 LT Syl 5 08,80 S 4

o Jl ey a5 L g e L6l 5 A3 e e ljer | Lad e S ede ool 5 Loy ple @ Sl
S5 ealis bl 5)0e oalie a5 U s esdle sl e S a0l kg e
PRV VS CUL [ ] P 731V FPRPTCIN N T
dalpd 5 s ses slizl Ol Laly) bl (s & Oligel G5Is | Jgamms b dalpd 0ol Jay 5 dalsd b ool Slsiy e
s S Ol 1, 5 S e ST IVl 5 s L1 Sl
Olblin oS 53 1y o2in b Ol3sal (515 SIS Gl 31 0l5sal (5l | (sl QB S3L (s 5| Cblbie ol (555 2 Sl nl bl

R

S o AT 0L il Y e

Olo (Sasm 5 Olisal s SLatl 53 Capysl B Osls S5 L
LUl dmlgi e O30l L5l (ol Obe ol 5 0SUSS Il e
Lol »oedle s S o 4 b olediszed lelis Ole
3 pealie Ola o)) @ Azl e e s v sade llin S (5S4

S I Ll s (S5 esmsss Bles

ek ol dnlp ledS Ole Bl A

i g sl L L3

Glell Bl gy sy sl 5 sl BB O3l L L
Olygel s Ol 5 Jsls 5 Eoms 5 5 gas il OISl 5 Ol gl 2l
HB 5 5 1y 35 Ol a 5 baaly il Sl B il s g OISl

Ll Casy

bl D 4 OBk gl 2B 05 Sl
SEl bl bl 65w s Ol
DS 03 S Sass JB sk 4 Ol e oS Sl las sl

55 eslizad T 51 08 S5k

SE O3S S, SB

Lges B tizils 1y Ol cpl 355 (sadgad Ctlor 51 s Ol gl 2l
b L Wl ol 5 BUS S1a8 e LeedISn S L 1 o5

Rt

3 ASek 5 04t sln GBS, 4 SS L Jeal ol
LS e St K

OB LS50 4 Sas

NSk ¢l
J‘<l"\§'l

Al e 0T 4 B dizils |y Ol ol alm e o 51 ey Ol sl 2D
soedle b5 S e S Wl 4 i ol s oS 5k 5 b
s el 3 e Sos sileaizes slelS Ol BLS) 3

Al axils (il assl

035 bbb a3 sis

&AL sl

S ol phls

Olssel S2ils 5 )13 &S 25 ) Wised Ll Jgeamms canlllan ol 53 |45 WL i e K s Vil g0l 0 K Juli Sials J geams
Ll | sl G b L S sl ((Sisd Sse 4 e
Sy Wbl Glle

sl dile (3le BaSS OSUS 05 9,58 w4 b oadlas ol s |4 Olisel b Al b oS s S5l 6 SS e Sl eSS

GMES il & Ol (ileisad Aol sty sk 6 LB
5 Oledas 5 Ol3el 2ls Sl 51 eslizal (Olysal Ll Ol ok sal
J;.J‘I oHls L8 slesl Bl ) J.:/:).i Slsd s sdaline O

G pkne Aol el e S e 0l @S0l Sl sk
S Al Llas Lasgie L 2l 4 U uS e SGS o, 800

ol 0355 O1 S s 4y 36 Ll Izl



https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

" e Sl ad e S0l R gl b

Sl (Jom o 4 (5113 (sileisad s 5 2S3L R (b il e ss e

3l 3 3l e OF e 5 S o3l sl 5 ) Jsdor 3 0l sl s il
ki b ) SE L ilae (gilutised » e 5,55k S« el Olamasias 5 55 5L

R

S lkisad g e 55k SN S

ogd 4 (el O S L oS ot DL Olge b s (b (S8 wlsl o
Wl o 035 o (g3l sed e (585l (6
Oz Gun) O3 S b o S sz bl g 505
U3l s LSSl S it 5 5oL sl €l e o s e
Sl 13 s S Sl s 558 e Cassl b S es S e sl 4


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

\Y# o,\mﬁg‘;ﬁ;}r,wulw

Yy

23S 13 Gl amio G Blie 5305 8 a5 LS skia g S Ol el Bl

OLd oS AL Jas e (g kel (Il el 53 53 O S50 a5 ke
AE i 5 S8 S 1B ey Sl se (S35 e

ssbeas S A3 1 el 51 1B OB S0 ol ks b s gl ahd Jle i
OB S5k dan Dl 5 35 g OIS 53 oSS 5 Com SV w0 uly
Lzl 1y Ol ol OS50 pl 5 oesdle s il s ol A SV 4 s
S b Il bl 53 i s, LU s 1y 0L b G

S oowes Sld S 5 oS gl SIS Gl U alis 51 SS s Gl w
e Dlons 5 ol e w g e OF s led 5 abgr e Sloned 5 ol an 4 A
Loyl s 5 peplie Sloes 5 51035, OLL B ails | OISl O3gel 25ls i &l
S eslaal

23S 5 O Coale (g3lutigad 5 wsad 355 4 Dl i (eaalie €11 51
5 Wl i ped 5005 aadlal ool 3 sl olantl sl asdls Ll e S
S Gl 3l e Lol (il e T 4 basas ol L OIS e &S blual
Was 035w Sihenisml Spl S Sem b 0SUS Sl b 0lssel s
s ool oY Dl 5

a5 S (s dgramme) Oljgel 23l ol 5 i omle 2 K03 gDl 53 s
g e oslal 35 antle ol 13 4T Lol B 5 Jlse Conle Coeal

35yl B3 g o atul ot Ol gl (103 51 bl s 5 shate 4 S0 (gDl o
Gl 1 T Ol byl 5 aoalie LT & b S g wain oo Oljgal J2ls (51 1
Lad

e 3 S Do e e sezme 5 5 3l e e s sl s
Olssal s a0 w8l (gladdal 53 OF 42 sazmn 5 ol an 4 (S5l €500 51 4l 5o a
Slr Jds Lt Ol Jaulyy (olubid drlsbm) Jold a5 b 65 03 55 0 451
wl g2 Ol3gel 21 Sl (el S 5 wpes Sialed 5 eslinad 5 1l Ol el
231 slesal Sl Ll s bl 1 oY slgdlad al e a6l @ s
a5 b Gl QEELS5L S A e s S s S e 3y Shpsk BB


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

Y e Sl ad e S0l R gl b

F sl 6 s pll 1) A Sl o 5 31 SO el A sl
Jsdadjﬁjbd?fdmwvludus)?)bmv}; 05,5 Al 0 8 3 550
el 0l 03ls OLES O‘j".ﬂ‘ o1y sl b (glad sad Sl gla gl ¥ IS s

Tables  Graph Map Slider Cale Text ‘

SageModeler
) g Experiment# | 1] + |
0 'f Q{ * 3 RECORD 1 RECORD B | o o
= DATA POINT || DATA STREAM
wr

AN

‘\l”"“* bod i‘\—» @

L8 ffin ajlad
L ndilo Fro

OB 8ok (g5l god 51 (gl 45903 1Y S
i3S 0l 1y s g dalpd s s adaly s sll sbiie 4 Olpgal 215 @
b s anal ot 6T 515 A el dodr Il Ol el (250 51 e San ) 5 s @
I 355 apes lilesys] Csay S ludr SleMbl 5 sl g e 4 oers L
s dS b S s
sl Las S le st LYs ol w0 1) 555 &ged 05,5 a Olisel Hls e @

Qb’yT ol 4 KaS ke 4 s S sl s Iy Q\)'}AT ol Jﬁl:)r.l#éb:)‘,ﬁ-jl{

Sa

Fall
tole

Mot
Sen


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

W?o,m;ﬁ;‘,PXduLﬂ.«.& Y¥

I sp ok ag oldsl osmly S olubs pdSes 500 Lis)) Gl
S pld sl Cpmolr O 4 a5 L Al s
el ) ased 2t GledShn 5 odae )50 el Oisal ity culg > @
sl Sladdll 4 b inls s 3 OUT el 2 osdle dns o ot olrs 0 5 S e
S el i 03l Il Jlse 55 4 451 plenl 5 5 S
2 e S S el 5B s pge e el 4 bt gl Ll aelsl
S 33 (Ol 6,85 013 5al 5515 (3Lt g SeiiS 5 oagehe (5550 (S35 p (S3lwti gl
o sla e 31 Lol rb’- slaesls 5 g bl Lged o s 4 Jol A5 53 55 e &)
Jol Sl ias o 5 Ll Gleantls (oMbl ao 5 o 5 4 53l sl axls
(03031 3 03031 Lh Al o 53 53) (S3lutd sad SLeiiS 5 pualie (6 Sk Dol 611 )
Gled sy Sheslinal bpss (isu 53 el odd 2155 5 drlons 1 j5b w05 S 8 6l
anelr g i gad 3l edal s 4 s B S8 15 Osail spse ass s b blid L]
eslial o ate L ilsls S Jekos 05051 51D nl Sy a s esls pend SRas )b
NGV IR W
oy bl
Ogo3l iy 03,8 33 8 Olsal S5 51 (3l gl ot ) Jatn ize 1 51 13
YooY osled dad= 3 0 o s Slesls S A 4B S (g5l sl SgiiS 5 e sgde 5,500
sl o el

e S5 pite 53 U S 5 bl sleas S Ose3l S hee s LT Y g

Sl Gl ol Sl sl leas S
A VAL Yo Selesl e 8
/YOA /YA Yo oS s S

Sl sas sLeS ame 53 J S 5 bl sleas S 0se)l i e s LT Jod

Sylkal Gl Sl Sldas leas S
YVE A A Slesles S
/¥ Y Yo oS o5 S

1. MANCOVA


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

Yo Gl gl o S5k 6 Gl b

G5k O3l i Sles ke ¥ oosled Jad o3 ek iS5 el bl
Sl pSle /YO Ikl Gl LY Ll alesT o5 S s Less el e sphe
el $FOA 5kl Gl sl 5 /YA L ol J xS 65 S 3 Less gl 6,8l Osesl i

L sa51 (28 0 sm3T o e Sils O ojlad dpdr 53 0l 318 Sledbl uled
G5k 003l i Slied ke /TS 3 Ikl Gl b/ ALl ialesT s S 5o
el TN kel Gl sl 5 N Ll S ey S s Leis gl

G5 sl Ol pS0le F ojled ol s ek i1 Sledbl alal
5 /OY0 31l Glaul LYYV A0 L ol o 5 w0 IS 5 Sialbesl 05,5 s Lesspesl
Gl 5 ONY Ll Gilesl 05,8 53 Leisgasl (58 Ol ed xSl cpizmad 5 Cosl +/VAY
VWA sl Glasl L YAV L ol p J xS 05 8 53 (35S O3l nSle 5 +/OVY 510kl
RS

S 5 655k 05l 53 IS 5 plsl Gleas S 0anil o e s LT Y Jpus

S lL kel Sl il oSl Sl s 5 oy
/OY0 4/¥0 Yo Salesl B
s 650k
VAV VYV YO Js
+/OVY oYY A Salesl
oS
VYA Y/av YO s

S5 Stz p e S Sl aslid b0 e Rass Jlje 035050 sk o
5 JaS) Leas S s Shee (Sl 6,8 Ol H1s 3lutised SLeiS 5 oapehe 620
Jolos 05a3T 51 eslizal b GBS 5 psehe 55830 Osaslm 5 Oseslote B s (Gl
Slp o2 A ek Rl plolsS s st 5l Sl sl o pate i L1
el ek Gl g b s 51 a gl aelsl 53 53 Syle s il S 0315 plos
O £ sKan

Osom S5 5San 3575 353 gy b lolesS Jod 51 i oS plas, s 51 SO
Rl O S5 5Sen oy am AL (S350 038 33 8 O g S5 bshst oS 4 OT
ol Ker Oses 2 dadr ool o3 ol sdd 218 0 ojled dsdr 3 hasy
P >00) sis alows F s il ot onysl S 5 asgie 6,550 als Oge S

Rlnly (s sl 2700 5l xS e 3 O g3l ey 0,8 Jalas sl (F (VYA Y/4¥0)


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

\Y’?o,\mﬁg}ﬁj}r@uw \id

5 o5h e apdy as bl AiS e Slady Jae S Glend SSen as b 3l easls

Bgad Ll o peane L (bl S oo 018 e

S 5 stk 5753 bads e 93 O e Sl o Kar 2 Sy Da31 10 J g

Solslne o F oSl s | bosdons paee 5 g
o dnwles . - _
’ ESYECS 315! 855l o
ARL) /Y Y/EVO ¥ VeV A Ry
/+YY YASY \A ¥ \WATY oS
e JECLVASE) YOYA/YE ) YOVA/YYe 554 s S
e FAIY/AM FAV/EVY ) FIV/EVV s eyl
/4O Y/fe /0¥ Y NS AN $ASsL 05 f Jols
¥EE VA YA VoY Y ¥/4V0 s 03031 e
VYA A OY/AY sA500 Uas
\/fas S SV Y S

ol 5 S ad 55 0 g0
Ogosl 51 a8 cailgas S 0o Jlay WlolssS oo el sl 3t 5l s (S
Wl oS laesls (6l w55 Gl Ogasl ol 3 g5 e o3linl i el Gy S sal S

S 5 55 i g el 1S gl 5T s

Golslns mhae i pasl 53 S sal S ol JetH
VAN DARN peie 5 S50
Y AR =

Ogosl L3 sdal G a4 (olsban mha oS bl 518 o led Jsdsr slaadl alul
0 S Slie Sl e oS S a4 iash la e ST 3 (i el Gy Sl S
5ol Jb g bl Ggad > ) S50 Sla e &5 S i€ Oy 5y opl 3 el
23l Osa3l 3550 S bl slesesl Gob 5L rasn slaans ~lFee
oS 0051

— s e Sam 6l SL Ol bl sS los sles Bt S s S
el 0l SV o led Jdm 3 OF (slaanly a5 ol (23S 5 (6 .Sl la ane b1y S

S 5 Sk sl S lls Sl (Rer 2 S S D3l S Y s

Solslas C]a.« Fows

Sk oyl

+/2OA

Y/¥4-

VAYY



https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

v Gl gl o S5k 6 Gl b

Lo cod ol LS S cul P>r/00 g lska g i Voosled Jade bl
P>/ T v clois coley ot ebslssS = bl il Kes
RIS

£ 8 ol lapuills oo 53 Suley b bl sS Jos 6l oS 6,05 a0 ke

Sybsn o ors) Osadl oy

S 5 550k sl ke 53 Ll Ked 2 St 0503l @ A g

Solskne o Fows RPNTS
AN /YYD osete S S50L
+ /405 VY v356;5>h

Sl /00 51 585 edal sy (g lsbnse Tl o OLES A o5led Jsr ol )
3 g b ledlols (Ken (2300 ol Rl
Spiia L il ylg S o

sl sy ol 3 OL5 e el Al SullssS Lo ool slaess e oS Ll
33055 53 0be Ose3l s 5 Ogn3l i Sl uilisls S o el 4 el Jodr 3 8
NG PR P T TP ST TV

PS5 65k pes S e S s sl R Ay IS e 8 dgar

Gl jasls olslns el &35l s 33T amys F ol Sldie O3l ot
o o
AR oo o Y AV AP s A Ol
AP e P Y ra/ay’ 1T Sy gl a5l
ASY ere 0 Y AYaAY /7YY Siis A g5
e e 0 Y YAV VY winy S5 00l
[E23)

oolsS ed Sl ol laal 55l e sdalin 4 ojlad Jadr 3 &S skiles

Bl 51 P<e/00 mhaw 53 (YA e dior Bl &5 o O 5l Sl (g et
Glaize 53 U8 5 hlesl s S Oljgel Jils oS S Ol o 1l Slslias (g L]
bl 0s 8w Sl cpl s sl s lsbae sl (LS 5 esede (555L) anls

RS


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

\Y?o,m%;‘,r,L«JuM YA

S 55 ol 9 S
sl b dsol 51 S b etz e 650k S Sl ey
Silwtised SeiS 5 pesgte S0k Bl ke 4 ledisel HECE me Sle
SIS Glajl 5 o3 DS 08 (p St x palie bl g els ol b Ol gel il
oS 03,8 55wl Ol ohan 1 s Olen (slsime lds ol ok 1) 20be3T 05 5 55
b b o 58 & Il €11 25 ol o it ol 55 05,8 53 8 655 ) ol 035 g5
ol plrl g b e (giluaised Al B L giluedised 4 a5 e a () eslind
Iyl a5 L (3l p0d slas S, 880 & ol OF SOl rassy ool 4ot
e ind (S Sl [ S (93,05, a4 NS e lash 3 edd ol
SASa b onl osdle il oo e ol 5 s s el ind ohs 4 0l el 2l
Lokas e By 5 pogede Jilow 51 680 il aledy) 5 Jsol 5 oletpai 3 S5
DAES iy Slp o 035 ald sl dnlp s Ol Rl pand S
31 0lsel 518 Gees S5 w0 015 o SIS 31 (6,850 w0 0BT s 5 5 Ol el LiSls glaonty]
Sl 3l s Se e b 55 s S SaS il ol gl b s LT 035 18 0s 5 s
e S o DLl Ol pel 2515 gl 1y i ged Sl il 3 S5 (3l pod it ldisd o
Sda 5 Caale 4 S Oligel B SGees Sov 4 aLACE e Aol 5l 6,50 e
ok S3ltgad il 3 5l s,y (S55 5 S e Al Bl s OUT 4 5 el e (53l 0

Loy o

4 0l Oly Jgeol 5 5)lge Gk (S3letined » e 5530 6 23l HLb
oY (3l gl i e sl 5 psle B3 sel Jgl (3t el Ayl b 5l el S 5
gk 4 S b 53 53 sl ge

M5 Gl GleiS 5l S Ll sl ol Gl igiledi sl SlelS 4 ax g
b s WS a5 ,580 18 e Ol 5 4 a5 b L350 5 L)
Collael 5136 Ol3gel (115 (5 ,Sak L3 el Sen (3lekiped n e 5,530 Slelaea
S


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

Y4 Gl gl o S5k 6 Gl b

S Al 4 ol e 5 (6 S5 4 Ol gel S5 (g 3 S pll (e 5Ble
5T g 5 Ll (YT OLes 555 laanl il Aelosil dal o eS|
LS o Aol (g 5lad sad 6%345/%»-“‘ RCEPY( PR 1§ ROppVIPAK S

G 3 S 51 Spn e 5 pll (gSletised e (5,550 Slehe b s
G 3 s b s 11 L g oael 35S ol Slny 55 5 sl Coel 31Ol gl 251
Ol s 15 sy g g0 il ol o lallion bl p O3 sl 205 w5 o SET (das
L L5 onle 013500 23l am o ol 55 S o plolid ol (55505 S b 35 50 glaeals
Sl S e iletisad b Wl 5l SGun e sl i b s e el
bl 53 L el Wls e Ol sal s (gl a5y 5e sloodsdy b e e o p0l (sl
(Te08) OLIKer 5 5 S (lelfass latisal $ledS ulo sl b £5ad (s15]
Wypas Slhal L G 5 8 e 5 i Sl o500 Soasln Gl S Ldiies

Lsadl 3o L il 035 Gl 5 a3lal L b 3 g oo atal 35 O3 g0l S5 51 e 5 1S 55k o
S s Ol Yes ) S Gasie | sl Ol il g5 TV OKen 5 e sS)
OF bl €ised il b s diS Ol 1y 55 ade Vs o sl Ll gy (gl Ly (Y0
S e 5 1 3 55 4 g ol S ol e s el

S e Ol Gl Leas S ple sl ) o sladisal Leas S 51 SO e e s
x5 Solee GRlPl skie 4 leas S (a5 adgas 5o Jaulyy 5SS e el 5 LYs 0L
OLea 5 3,51 2l 5 (Y01 0) OLan 5 Sl ool (65302 5 e Oligal D13 e
AL B g Sl S st 4 15 e 33l O 5 U5l 5 By oS dizee (V48A)

o 3G Sl e el Sl gl b DLl diSs gladisel ders S
e Sl pdae 5 O155el S0 Ole SSS 5 o 80 (6 SIS0 S e o) el pene

A el QLB GRS 4 S Ol JEI SGees Su3w e bl sl

. Fretz

Maia

Justi

. Bamberger
Davis
Prins
Komis

Liu

. Sun & Looi

CENSTA WP R


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

\Y?o,m%;‘,r,L«JuM Yo

ke b @ed SO ol 50,8 5 Sl aS Wl 55 (VA4A) O es 5 55 580 2
sl e SV (6 e K il S uS L g

5> EASL w03l Rl 5 e Wisad Sl 3 (55500 5 e S G SSSL
ol pla 4 Ll S Sl S e o) Shidr Sl b el el elil sleiis
(V0 syl 5 S Dl 03,50 ax 5 LT 4 4 sl

5 Saale L1 0l sel 515 b il Oles 51 ig5ledd gad Ayl p (S LECS me dny oren]
S ) slaised Ools ol s S kal Els el anl g s Ol B 5 giled e S
OB LS50 S 5 AS o KaS €ged Cla Aol b OAS Slslias 40 O gel 2505 @ sddantles
L 355 g U5 o azaly Olgal 2505 51 das o il 31 (g5leds gad Al b a0 i |
@ e Cbbe 58 b s Ll Cole Al s S sl el bl ol
OB ,S50 sl ol (Yo 09) 0L 5 5l Sldllas 35 oo Ol3sal il e b
L el lgmasdos 5 Llse 5 Lol 51 eslinal ol sl 5l (6,80 0 S8 b 2l 5L
Apd BU LS e W5 pske &S Lils by caale 5 pole S a Al B aS S

Ll oo Slos L sad Gosb 31 (Sl sls DL a5y windy andllas 15l o84S
LS SR eSS sy S o3l 4 OBWL,SaL oS asd oles il
Gl Aol i b G ps b gileaised LIl p 5 b Llg e ol lesle o84S
OLea 5 o (Yoo F) O 5 Lo S ((V44A) (Sl g 05 5 Sl (g5 s ples!
s s Glesle BasS pl oStz (ool 3l dhax 1 (Ye08) Kl g5 5 (Y00 ¥)
lanils o5 g

S S5 slul 4 Wl g e Olislses]l allesle gl os s OB ,S50 sl LB sl
oSO8 L0l el 5l Colis 5 o ysb (6,8 e S a8 Ol el il s allelsle
Ol ) S5 ole a3 58 o Ol pel S50 (3LaalSasS a4 jomis ot o oty o (68
s S 5 ol il JUsl LUls 3 glaanl o e Al B das e T w0 |
o b 2B S w aS Wl Ol 58 (Yer) \QWLN 5SS s Al ]y s
GAS3L ol 53 5 Olisel tils laesl sl w Ol3sel (2ls (3laelSasT 5 0l ons
LS e SaS Ll

1. Sampson


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

A Gl gl o S5k 6 Gl b

Ll Sos Gl e sl Shle qiluaise dulp s b 05 S Jeb a4 5y 9
LT S o Jols OB, S5k o8 oy cisslys (Yoo ) ' s o) il e sl oy (53bati pos
(e ebsel dlge OMF Aol o e ol SlealBls 4 S e ol | Ol iy
K8 sl S Jl s Olilaed) 53 el a1y OBW Sk e (55l sl Sl
S 5 Gogs

Bl s b sl Sl gbsesed I Ol5 e 0SUS Glgmdse 4 oaxg L
DBl 4 g boak e s Wile Ol Rl 5y cnl Bl e o O3 sel I
Ll 5 S (s s bl 5o 1 s bl leenly (sl o s @ 65 i
Sl ) S Sos e Ser e b ods e a0 ol s 55 cpln odle ias W)
S o St U T 5505k 5 g Ol sal 23l

f o Ol3pel 515 S0 Bl a4 e (ilaiped st 5,530 6 (S S,
S5 ol gas il 3 pl el GllS la3lE 5 e O <=j§ (S 4 e mALu
Ll Olsal Gl sls GBIl B s glaedidy 4 s 1 Obisal IS et
2 s Sogo |y bedody Gl 5SS e JalS L Sl 0 e D50
enlin b g ctle dul b b Ol3sel (3505 cpl poesdle S alasSe 545 0 a5, SU
ke gl s 1 LT (g3l ses Al b gl 658 4 s L ksl 5 gslecsl S e aile
Sy oesls Lol g 550 cV e 6l gleans b 5 = oy 8L o 2 S 55 S
5 osh AmBS SRl 4 s GlediSan ple b 5 LUAES pdd 4 g 03 S 5)sl3 8
SIS 5 ilaisad S0 oa i E LSS s o S s sl S Ol sl SRl (s
Aol S s 0BT & S s oy ol S s Olysel L350 5L Sl 0501 4 a5 L s g
ins Bseloged al L1 pske lasdidy Lo b s Gy 5 Olabas 51 (S5l ode

(ke Aul 3 O sal s 035 1855 53 O el 5 Siluaiped K S 4 a5 L
T ol a5 L s S onl 68050 o5 e enlitul j2aS s SleadS 5o 05t
4 o Olabre (53LaolT 5 5500 o 51 Gt bl 35 o o 03 GledS 3 o
DS A S a5 Llesd ol 68 80 S8

1. Hsi


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

W?o,w%;‘,ﬁ,\.«:uu«é Yy

&l

5 oodd Ll el Al s sl o Sabes 5 Slsen Ol oy OTAO) b (o]
AY=0V (D FF o7 s poler alilad . plal )53 p ke i3 el Ao sl )3 sddnS

OUS sl laialy 3 el o 5 b s 5 s (5,8 5K Olsas L(VYAY) Lo e iialS 5 ST (5,08
Il 3 Olygal (il hams 3 Shee 5 0T 30 5 ) e Oladas b il oy Bl o205 o 5ke
NOANYA ((F=F) ool oKty 2o 7 (slein gz NYVA= VA Jass

At o o @l o el Jar ] SISO 3 sms (58 55U cedly sy spdaallte oo S
o s sl Sl o8l sy S (sls 003 o Ol Oisel ity 5,5es b O alio 5 Yol

(AN A ezmd laialy gl Ay YoNY e ol oo Sl Olpsel 25l LOYAY) Lo ke o S ,b K2
NO-VY

BEl L;‘\'no\»’ t_f"‘i)‘):’ di:)) L: PIC J> d’"‘iJ"U \_}:5) J:.?U wun ERP s .(\VAV) | [ ‘LY’J})\JA J;z;u

e gty o OIS Ol gal Bl 65503k 5 e Sty p Sl s oo P o2

NN (V) Koo size ol oDl ST ol 2o 7 (clging . Jos oS ) 5 Leip ed Fss

Alfieri, L., Brooks, P. J., Aldrich, N. J., & Tenenbaum, H. R. (2011). Does discovery-
based instruction enhance learning? Journal of Educational Psychology, 103(1), 1-
18. doi: 10.1037/a0021017.

Bamberger, Y. M., & Davis, E. A. (2013). Middle-school science students’ scientific
modeling performances across content areas and within a learning
progression. International Journal of Science Education, 35(2), 213-238.

Barab, S., & Squire, K. (2004). Design-based research: Putting a stake in the ground.
Journal of the Learning Sciences, 13(1), 1-14.

Berland, L. K., Schwarz, C. V., Krist, C., Kenyon, L., Lo, A. S., & Reiser, B. J. (2016).
Epistemologies in practice: Making scientific practices meaningful for students.
Journal of Research in Science Teaching, 53(7), 1082-1112.

Bravo, C., Van Joolingen, W. R., & De Jong, T. (2006). Modeling and simulation in
inquiry  learning:  Checking solutions and giving intelligent advice.
Simulation, 82(11), 769-784.

Chang, H. Y., Quintana, C., & Krajcik, J. S. (2010). The impact of designing and
evaluating molecular animations on how well middle school students understand the
particulate nature of matter. Science Education, 94(1), 73-94.

Clark, D. B., & Sampson, V. D. (2007). Personally-seeded discussions to scaffold online
argumentation. International Journal of Scientific Education, 29(3), 253-277.

Clark, D. B., & Sengupta, P. (2013). Argumentation and Modeling: Integrating the
products and practices of science to improve science education. In M. Khine & I.
Saleh (Eds.), Approaches and strategies in next generation science learning (85-
105). Hershey, PA: I1GI Global/Information Science References. doi:10.4018/978-1-
4666-2809-0.ch005.

De Jong, T. (2006). Scaffolds for computer simulation based scientific discovery

learning. In J. Elen, & R. E. Clark (Eds.), Handling complexity in learning
environments: Theory and research (pp. 107-128). Boston: Elsevier.


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

Al Gl gl o S5k 6 Gl b

De Jong, T., & Van Joolingen, W. R. (1998). Scientific discovery learning with
computer simulations of conceptual domains. Review of Educational Research,
68(2), 179-201. doi: 10.3102/00346543068002179.

(2008). Model-facilitated learning. In J.M. Spector, M.D. Merrill, J. van
Merriénboer, & M.P. Driscoll (Eds.), Handbook of research on educational
communications and technology (3rd ed., pp.457-468). New York, NY: Lawrence
Erlbaum Associates.

Eysink, T. H., de Jong, T., Berthold, K., Kolloffel, B., Opfermann, M., & Wouters, P.
(2009). Learner performance in multimedia learning arrangements: An analysis
across instructional approaches. American Educational Research Journal, 46(4),
1107-1149.

Fretz, E.B., Wu, H.-K., Zhang, B., Davis, E.A., Krajcik, J.S., & Soloway, E. (2002). An
investigation of software scaffolds supporting modeling practices. Research in
Science Education, 32(4), 567-589.

Gilbert, J. K. (2004). Models and modeling: Routes to more authentic science education.
International Journal of Science and Mathematics Education, 2(2), 115-130.

Hansen, E. (1990). The role of interactive video technology in higher education: Case
study and a proposed framework. Educational Technology, 30(9), 13-21.

Harel, I. E., & Papert, S. E. (1991). Constructionism. New York: Ablex Publishing.

Jonassen, D. H., Carr, C., & Yueh, H. P. (1998). Computers as mindtools for engaging
learners in critical thinking. Tech Trends, 43(2), 24-32.

Kali, Y., & Linn, M. C. (2008). Technology-enhanced support strategies for inquiry
learning. In J. M. Spector, M. D. Merrill, J. J. G. Van Merriénboer, & M. Driscoll
(Eds.), Handbook of research on educational communications and technology (3rd
ed., pp. 145-161). New York, NY: Lawrence Erlbaum.

Klahr, D., & Nigam, M. (2004). The equivalence of learning paths in early science
instruction: Effect of direct instruction and discovery learning. Psychological
Science, 15(10), 661-667. doi: 10.1111/j.0956-7976.2004.00737.x.

Komis, V., Ergazaki, M., & Zogza, V. (2007). Comparing computer-supported dynamic
modeling and 'paper & pencil' concept mapping technique in students’ collaborative
activity. Computers & Education, 49(4), 991-1017.
d0i:10.1016/j.compedu.2005.12.007.

Linn, M. C., & Hsi, S. (2000). Computers, teachers, peers: Science learning partners.
Mahwah, NJ: Lawrence Erlbaum Associates.

Linn, M. C., Bell, P., & Davis, E. A. (2004). Specific design principles: Elaborating the
scaffolded knowledge integration framework. In M. C. Linn, E. A. Davis, & P. Bell
(Eds.), Internet environments for science education (pp. 315-339). Mahwah, NJ:
Lawrence Erlbaum Associates Publishers.

Liu, X. (2006). Effects of combined hands-on laboratory and computer modeling on
student learning of gas laws: A quasi-experimental study. Journal of Science
Education and Technology, 15(1), 89-100. doi:10.1007/s10956-006-0359-7.

Louca, L. T., & Zacharia, Z. C. (2012). Modeling-based learning in science education;
Cogpnitive, metacognitive, social, material and epistemological
contributions. Educational Review, 64(4), 471-492.


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html

[ Downloaded from gjoe.ir on 2025-10-26 ]

[ DOR: 20.1001.1.10174133.1397.34.4.1.7 ]

W oyl s g ke bl v

(2015). Examining learning through modeling in K-6 science

education. Journal of Science Education and Technology, 24(2), 192-215.

Maia, P.F., & Justi, R. (2009). Learning of chemical equilibrium through modelling-
based teaching. International Journal of Science Education, 31(5), 603-630.

Martin, M. O., Mullis, I. V. S., Gonzalez, E. J., & Chrostowski, S. J. (2004). TIMSS
2003 international science report. Chestnut Hill, MA: TIMSS & PIRLS
International Study Center, Boston College.

Minner, D. D., Levy, A. J., & Century, J. (2010). Inquiry-based science instruction-What
is it and does it matter? Results from a research synthesis years 1984 to 2002.
Journal of Research in Science Teaching, 47(4), 474-496. doi: 10.1002/tea.20347 .

Namdar, B., & Shen, J. (2015). Modeling-oriented assessment in K-12 science
education: A synthesis of research from 1980 to 2013 and new
directions. International Journal of Science Education, 37(7), 993-1023.

National Research Council. (2012). A framework for K-12 science education: Practices,
crosscutting concepts, and core ideas. Washington, DC: The National Academies
Press.

(2013). Next generation science standards: For states, by states.
Washington, DC: The National Academies Press.

Prins, G. T., Bulte, A. M. W., van Driel, J. H., & Pilot, A. (2009). Students’ involvement
in authentic modelling practices as contexts in chemistry education. Research in
Science Education, 39(5), 681-700. doi:10.1007/s11165-008-9099-4.

Quintana, C., Reiser, B. J., Davis, E. A., Krajcik, J., Fretz, E., Duncan, R. G., ...
Soloway, E. (2004). A scaffolding design framework for software to support science
inquiry. Journal of the Learning Sciences, 13(3), 337-386.

Schwarz, C. V., & White, B. Y. (2005). Metamodeling knowledge: Developing students’
understanding of scientific modeling. Cognition and Instruction, 23(2), 165-205.

Schwarz, C. V., Reiser, B. J., Davis, E. A., Kenyon, L., Achér, A, Fortus, D., ... Krajcik,
J. (2009). Developing a learning progression for scientific modeling: Making
scientific modeling accessible and meaningful for learners. Journal of Research in
Science Teaching, 46(6), 632-654.

Stratford, S. J., Krajcik, J., & Soloway, E. (1998). Secondary students’ dynamic
modeling processes: Analyzing, reasoning about, synthesizing, and testing models of
stream ecosystems. Journal of Science Education and Technology, 7(3), 215-234.

Sun, D., & Looi, C.-K. (2013). Designing a web-based science learning environment for
model-based collaborative inquiry. Journal of Science Education and Technology,
22(1), 73-89.d0i:10.1007/s10956-012-9377-9.

van den Akker, J., McKenney, S., Nieveen, N. M., & Gravemeijer, K. (2006).
Introducing educational design research. In J. van den Akker, K. Gravemeijer, S.
McKenney, & N. Nieveen (Eds.), Educational design research (pp. 3-7). London:
Routledge.


https://dor.isc.ac/dor/20.1001.1.10174133.1397.34.4.1.7
https://qjoe.ir/article-1-1378-en.html
http://www.tcpdf.org

