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Background and Objectives: Multiple representations are a strategy for
teaching mathematical concepts, meaning introducing or showing a concept
in various situations and forms. One of the models presented in the theory
of mathematics education is the Solo model. Instead of addressing what
learners have learned, this model examines the quality of their responses.
The purpose of this study is to examine the effect of using multiple
representations on teaching mathematics teachers based on Solo theory in
the topic of equations. Methods: Method of the present research is a quasi-
experimental with two experimental and control groups, using real world
artifacts and tools to teach the concept of equilibrium, variable, ... Finally,
we introduce the general structure of the equation and also introduce a real-
world problem into the mathematical world and then solve it. The number
of participants was 15 mathematics teachers who were considered a sample
available to the researcher. To collect data, the researcher created a
mathematical test that included 10 questions and classified the test questions
according to the Solo model. The validity of the tests was obtained and
confirmed by the CVR method with a value of 0.76 and the reliability was
obtained and confirmed by the Cronbach's alpha method with a value of
0.889. Findings: The results of the study using the t-test for two
independent groups using SPSS software show that multiple representations
had the greatest impact on teachers' teaching based on Solo theory, so that
at the relational and generalized abstraction levels, the experimental group
performed much better than the control group, but at the unistructural and
multistructural levels, the control group performed better than the
experimental group. Also, the teachers' view of teaching using Solo theory
was interesting and enthusiastic. Conclusion: The use of various modes of
representation without establishing meaningful connections between them
cannot lead to conceptual and deep learning among learners. The lack of
integration and coherence among these representations may even result in
cognitive conflicts and misconceptions, hindering the learning process
rather than facilitating it.

Cite this Article: Alamian, V., & Khalili Zadeh, R. (2024). The Effect of Using Multiple

Representations on Mathematics Teachers Teaching based on Solo Theory in the Topic of
Equations and Line Equations. The Journal of Theory and Practice in Teachers Education, 10(18),
33-50. https://doi.org/10.48310/itt.2025.3964

© the authors

Publisher: Farhangian University



http://orcid.org/0009-0006-0184-3378
http://orcid.org/0009-0008-2738-0783

w5 wlel o 0Ly Glodeo (g yoi p BB uis b o lijl 5,854 U

b doleo g doleo Cxwo 0 glguw

Toolials L) 5 ' ylaalle s

aablly oyl pl eyl 05 OFFFY AAA= iy Ggoio (LS 3 olSiils ¢ b, g0l 09,5 (fptewo odtivwgi.)

Vahid_Alamian@cfu.ac.ir

Khalilir957 @gmail.com :asbll, .oyl pl eyl o5 (o LSim 3 olStils oyl oz S s o 0l y 90l )l cwolis 157.Y

oduS>

3

L Brre slino a5 (0l menlie Gijpal (sl 6,0l iz lasjly i8Il g diicn
ki 5o el dl) sladoe 51 (o] 055U ladSid g bacund g ) parde S 3loplis
o Nl gal 513 a4 3 ls sl Jae (nl sl gy Jae (2l o]
R ooz lo el 65,5 b g ol 5l Baa 8l 00 ] slag—sly ok
gy By el L alsles 5 dobes Eomes 43 gy 4yl ool py 5l lales gy
il Woslawcnss jlooliiul b a5 &ygmoiniy S5 5 Glalojl 09,5 99 b (228 dee G
Slalins Sy rizmen 5 (isel 1) alolae IS JLESLo Caladys g it SOl g (48l sl
olre 10 EALSES i 3laxs 0t o |y o] s § 03,5 el glo 3y 1, by (sl
2 by se3l 3 oals (65105 (sl Mo (oo e zxo Sk mg3y (o 8 50 digad &5 LS L)
Laigasl lsy ool Sl Ve ol 5 gl gl oo 3ol 505l SVl o 3L Bime
3,8 ol g sl e s @ HJAAR FLos S ST i, b oLl 5 - /Y8 sue LCVR 3, b
SPSS ,l38le 5 51 eoliiw | b Jiiuws 09,5 95 (slp Coms T 903 5l eoliiw! b gl zuls ibbamdly
@b 1 58 ot o sl ol | Glodne e p5 2 alfiiz olaisl &S e e it
0955 4 Com 3 S5 b 2 S (ialojl 09, ailyrans glinil g (slalal, o o S5k
iabojT 05,5 51 g olsS 05,8 3 Shas o kit liiz 5 o bl mhas o Ll silails olS
D alliine g Ll 055 gy slaws 4kl solaiwl b Giigel 4 lodes o puimen Cawl 009y
Sl sei ol 00,8 dmate 5 baie g plodl ilizee Glo o (65,5 4 16 S i
39> > boleil (ol LTy Jlasl pae g ogd lble )3 Geee 5 (ootdo 253k g

00,5 bl 45 olbagdi 5 Elo e obnyl o sl e

gy i o

VRSV OFIYY bl s gl
VEY/FIY 16,555k b
VEYLVINE ol b
VEYI AN DT Leil g s
=YY :Olxas o,lods

igoalS” slaejly

(held Sl

pbeeon

(o) (S fL“

(Jlalbos) s o) plass plis
e goxils

2l Olebas G ywi p alBais sl slasl 6,25 54y )gL? O Lo ool s 5 g (lalle o ol 4y sUctw!

O OMY e Gladeo Coyi 0 Jos g 4 ,L7 oz alolas g alobie Cors [0 glouw 4y ,kas ulul 5
https://doi.org/10.48310/itt.2025.3964

uLfMy@

O 8 olKasls 1 il

Jarroe nyari//:sdny :a8edawoy


https://doi.org/10.48310/itt.2024.16246.910

Homepage: https://itt.cfu.ac.ir/

YOI VP A oylods cadd Jlw (ylodro a5 10 Jos g 49 ybi5 ol aoliliad 9o

doddo
2y o loisl Sl oslial (SisKa 1, 5L, 655k wnl)d 5] pmgn iy 2000) ) 5l lalas e (sl
Lalg, b ooyl calies sbovas el (iulad calises glgil 5loolai il g aiis S o 1) olesl, elyul punlas
P15 bl Glaled glaoged dom daz i Jols il (o5 joel slos el adly)s WS oo 59, 1) (22 b o0z
slool wis co plil 1) 2o by Pl s aS Sl S Glply Solaie sla il g o,lo ], 095 o> slo S5g iales
ol pedlis 5 Slegdgn b 5 LU 6,85 sl oloish (sloeivws (Gagatsis & Shaikalli, 2004) wiS'
loiil el 65,50 gl bz laJae (2 L) oK el s Soo Sleisl 4 aledil S5 e b
Ao Joo cpl 5l (S ailosls sloi iy ol aly, g uplie (sige] jo ailfaiz slo oleisl S5 lgie cov o
el K0S b o] o5 S b e g 05s50sT sla alasl 5l ooliiw] el ond slooti Y 2 Lo g5 a5 ol Juta
Ay Oypod baleish ST was e plasojea (pl ;0 485 ©)90 Sliddod 09d (o0 (2oL peslie e )0
Lesh «De Jong, t. & Van Joolingen, 1998) .05 co pl,8 oob, Slegdge Gros S0 die) gl Jalo p2 b
ol o gamalil (6 S0k S (S b))l slr (ogee Slade (n g e | (S e al, 1987
Szl 80 50 o5 S T laganail (5608 5l (S (evali s B 650k bt ble) glow sundail
byl Gle 6yl lsieas Tolew (Uyun, & Wardana, 2023) ,.5 oo ;1,8 SBLd ol ) o2d 50 5 coges b
Lol s 1y o3l (6,58 0T 8 Laiitns olg5 cod 45 Ced 1o a5 il 0)ls 5,05 alius o plKin 4 logw b cuiS
(Suratman et al., 2019) 5 5 ololis ool ools Zruly coaS g £ 51 1 gl LS sl HUles lg5 oo
o Sl (IS jsboas 5 300 o 1 i 3,50 |y 5550l bt & Sl ot 3 (S slse skl
L a5 Aazdl peend gl3l B Y glalal, F 7 sl s ¥ 2o il o5 Y T islo iy ) e mhaw @iy gyl
PS5 553 )50 pogie &y Comnd L3l (6 S0k gl oS 053 o0 (amiin sly sl ulul  enlie gel
35 sl gomai b b alal) )5 51 (e bawgi so8 Lo Sz a5 coul S8 4 p3Y )l LE alaus
el a8 5 alnil Lo gt

g b Woles g Wolas Gomne j3 (L) plalre )5 p ez slaoleiil 62554 b 4 adlas oyl
a4 aS Coul oplin alox ) his alolee 5 Las pogie 555, o0 slew 4,k Gk 5 b 6,50l amhav oy
Aolrs pogo ywils (ol 1 ogdle .l g (das ) adndi SO laizee 0 Slas g aloles pogn 6,80k 5L i
5 ok ot Slp Gl SRS 4 pealie cpl Jlail 5 bLS )| 09z (rized 5 o 4 bad e eeslie 5 s
(8 S Gie 5 Slalazd 5 lawgie Kal pualis ( ot wilgi Jie Soloe) .l Sliw s Gl 0 Koo dele
alfaiz sl oleil 5,50 6l p ) iz sl Jow ob, o Kdjsel (g Y 5 Y 5 ) ax 0 slaaloles J> (s
Joe cpl el oo slprinn il lawgs a5 cl  Jow Loyl 5! o leols sleinn Lo, Lals, ¢ penlis Soigel 5o
At 05l iy 5o (£0b, o] Groe S0 1 Jow (pl el oad AB bl uind 5 g 0jly laay Jai ulul
stlos3l 5 2l o9 gy ol OV YAR (S 30,99 035 g 05T 05 g ol omr WLl (50,82 (U5 3L

. National Council of Teachers of Mathematics (NCTM)
Lesh

. Structure of Observed Learning Outcome (Solo)

. pre-structural

. uni-structural

. multi-structural

. relational

. extended abstract



03l Lls g leodle [ o p A b o lossl g 5,5 b [ ¥F

5l Wl )l s oo &) o2k, Glodins > g 6,50k o a5 s
9 0,5 S8 gl epgai b oges (JSKE o , b osali o b ol pl 0 :(polai 9 JWKG 1) gpaai oloisl
S oo oaliial (G050l jsbar (5L parie Su L 9,585 LS
potde SO b 0,818 bl g 0,558 sl lagyl 5l aS o e Slas l38 ol ( Gd) (5 by ot loi 3l
i Slirogs g Jo——ol daoles dapl Jolis g 0500 )15 4 g5 50 (250,
el pstde So b 095080 Bl 5 00,5,58 Gl Il cnl 5o H(8598—wd) (e b (2leisl
(\‘“‘\Y GLSALA‘ 9 la;) A.HSGA oslaul L....u‘ S99y S Hygcmwd
=Ly potie S 3,50 10 (0,5 Cux o gl Sy g SlalS kel o (2l ) LS okl
QS e oolawl
s slis o ol ooy IS g aolayg, b lal o Lais s pagie (Il ol 1o :(( 2By (sLdd) (waodo o loi3ls
ol loslaiunlans o )18 loviw 90 |y (60T 0l Gree S0 aS sla g, 5l 0 G 0ed o 20lejles
ol g Sl mlis & |z S o o Jelows 055> (sl g5 ol Sy a4l ol 5 cs | g gatail
AT e 5 5 el gobe 51 58 03,5 (b AT Tl S e et s bap)] (S 4z o el
53 b5 gy ol 1 S o 6 5 el 8 ol Bl 5 59,5 ol ol a58lnrast gl55] i o
SIS gl (gamasds IS jsbay a5 (Hidayatullah, 2016) o5 5 (gos d> 1o 4 Wilgs ol 0985 S )0 al> pdial> o
sl 8l o 1550 (glabaly g kil iz (g LSl SO g LSl i mhaw m
b b3l do 5
9O (oode i g S o 518 ool s g o3l SO 4 Linles calizee glacdl> (LSb (5 S0l g (igel 4o
4 Giules Sl S 5l aS muls 5Lo Latlo Lo cliily 6,050k 50 w8 5 o yd3 50 oo o)l 5k, pedlie S0
leisl dax 5 g cul (59,0 Dlosl; 6,50k o gladil a5 crul cpl Casdly oS s Gl Ko cdl>
polae jsbas lalas ¢ Jlio 51y (Duval, 2006) ! pao Sles by (5 ,50L g Goj5el 10 (sledsl 5l oolaiw! ojluslay
(omled s glgil ool | aims oo poss (6,50 a ) Gl b Sl eolaiwl oLy Plus Jo > 0
oo (Yoo e (=l lodae o (glya—) &S co (=g, 1) (ol ooz Lailg, b lows| calizee gloas el
2b,y AdlSS Cunan g ople ulul 5 ) oled ogd SO ailen U S ol lales o ) olasjlge 45 ol
Oiules o 15 il Liales slooga i dod doz 5 Jald ab (—bjg0] (sloo pualy (a8lg )0 oS dax 5 (5,500 4
WS oo ool e ge (5gel 1) (2ol Blae & GLaS sln 1) (Gslite la iz 5 5500 1 053 (ol sla S5
(Gagatsis & Shaikalli, 2004)
GlFue b o lijl jl soluwwl jo ylodro s
s g 3l sl laisl 5 oslisal (SisSr |, o2, 553k 4T3 5] et i es2l; lelnn o 51,5
S5 Lbu] 9 osls ul_......' U‘)?"Jwb L ‘) Lf‘al)) J}o.:uo 9 PR 6[&@[.0.9[; AJ[A ul.o.l.am 5|)9_....: U"‘ slazel L
L ool peplae g oyl o, Sal) ol b lodes 0SS colaiw| ag3) adlge ;o oleisl 5l (6,550 jabay b oS
Se 59y yd M 0 a8 el 1) IS ol wislgs oo HUT i 1,3 0uST 850 1) Ciliie sla b, 51 ooliiul
a9 9B g dlizs sloalaiil 65554 sl ) olisel s Boyb cnl 516 wins plovl aiiS oo IS s
S sl oy

ol S oS slo oleish ooolesle o Sl jo bl a0 S g g0l iils slaons] @ ols 565 b ylelas
Wl )5 5 ygods alias g5l Joe sl 1) ladlae 5 biled B oS S g0 als a5 ailgs o ols valss yLis |,
W drwgd o0 b e LLS | 65185 50 by oleisl oolainl gl g cdinss 51 Lo cased Sy (50,5 s, sl

J4rrae nyo1//:sdy :a8edawoH



Homepage: https://itt.cfu.ac.ir/

YVIAPY A oylois o Jlw cylodro cau i 50 Jos g a9 k5 ole aoliliad 9o

(e il plalas Lo s1,55)
S92l Gyael ,o alessl sl eolaial LYs i (1987) ), Sen g Dufour-Janver «s i cron &

sl 23 2% 4 gl |

el s e (oledil b Saday a5 3)ls S92y Blel ) jo (Slegdge s Slsk) 5l SIS e aaleil -
x50k g Gajsel (Jlaplsiods ol 00 S aslllas o glaijly SaS (y90s 1y eelie (] 457 S gaily Wl gad (oS
Lol oly0m (Lol b adon (5,155 SIS 5 U pealie

Sl plea b pagde S el (e e gladih naiz aiies paghe S alain s gleill -
S Sy o Shg olS12 g slagiles SeSTL Sk pealie Sl (e )0 WS o ) (5L
WS el 1 lais jae paalae o5l o 0B 1) Loyl as” aS

2b) Gledae 9 DLl ) (o) SLOOLS 19l o osliin] ol Ml (285 (6l (oo ©jg0h b olesl -
53l 55 el Sls o5 ol 08 o g b 3l (S8l 5 o5 2T3 Jsb 8 laslaiil
D555l 51 1y 555l 2223 B 4255 o ooliil iplad (i 3] plolas edipd e St s ol obli
oS ol

o ol sl gl 1 i o 48,5 B 5 St 008 Sidle 5 ki (ol aalail -
Slas oligel ity 10 0pnSl ol sl 1) Glsl, &l b oS o ooliiw] 3l cwys lOLS ;o 00,8 jsboas
2,5 osdalive #Bly sLis Pluws &l)) jelainds swjo GOLS ;o e o 1) o olessl lgl ¢ Jlielgicay auss
SOLO céla; by

57 5 oS e it (5o s gl il b osalina bl (6 yaFol gl L 1 T Lo 45 sl
ilos S g pds 5 gy |y b le ol (YAA) il

Syse s Sz 4z il winlys 1) (i Az ey (LG o deo o0 plid &S cul STl i ol bl
155 e b i ieel oyl b slacian s ol .og aialss ] bl 4y 406 5 ol aialys )5 el
Ay o 4 G890 6550k D jge y0 e Glblie a5 ol Uil ax]
s oo (2b,l OYlsw 4y ol 3l 4 Slagul edalie LB 5 Sob mls

QS oo (5 NS08 Az g0 sl wilesls Sb,l OYIgw 4 oS ol 31 slagul eaalie BB (6 S0l mls Ll

5 a3 <20l ~ e S p (S ) SSLD b, Sl ey 5 eolinl L S g5 Al 2 S
(6l 5 g il i g gy 5l ool b cdle oSy 500 |y gy CouS K00 Az s ((5ysolyd
(V) a8 o0 oy aibliprans gl g lalall) s S losin

Pow JolS (GiS5L a5 52 ) JSb

g ae3oe Gl ) eliil g (Sawzm Gzl (ally 4 plblie glagualy 655 45 w8000 mdsi dom oo
P}A—‘«)‘m 4.?» waj) d){?f .AQQGA uuuam&;é‘_gm o\.\.v)j\)l.:u_i»)‘ ‘) J)O ;zﬁj.w.u



ool ks g loddle [ oo p Az o o loijl g 5,50 b/ YA

Pegg, ) wloas ais-gel g o az b» Cdllas a5 0,10 55 103 ol 5 Judoxigas 25 ol coims o 1,8 4> 45050 |,
gl S g 5l s (6 e a51,] ISl b a3 o @) g2yl 45 el (al )0 slms 03 (1992
oo Olebee (85 S oo w2l 8 (e5050 Bi9> aaiz 0 xS0k (sSUSS slakasme ;o 1, B3 1 gok; sl
Oliabl wlaxl 093 o390l 5 (6550l Jiw ;0 g aktun l3,55 5 093 6,50k 3l lag] atS o S o 1) gJgw
a5 S pnd ailgs e Loy ] .(HOOK, 2016) wigds o453 (iils sliwl b auS o S8 o] a5 a5 oS o (5 e
S pasiis |y Ao j00 pogie (3 50 (2l Ban 5 wims (3isel Wb |y ez ax calidy

sl sl anail (ol sl 00l Ly ()l VI 4 bl 380 Julodighs 125 el 2 oo (uiainls
gl (b3l i haw 5l Wil e g calises golaw ad (Byxe VAAY Jlo )3 GudsS (055 9 500 o )L
S5yt b G gobe (b))l aBbpress el gl (labal; v ()bl Wiz g (Sl SO
S it gdg 4 45 Sl (S Oy g00 aiBliprens £lil g slabal) zobaw (b))l g (o5 S LS iz g 5 L
#2300 Tyl ol
(59 45 (P |y Ygamo i 5 s o o 4y (1> 45 0515 oS oy DM (Lblie 15 sl (s gelans
(Saputra et al., 2019) aas oo dlivs 4y Sewly Mol by g s J1ais j50 alins 45 bgs 1o 225 0
ol S i (sl ol 5l g A e 35 508 g 5l A S5 (s, Okl gl al o g bt ST b
a3l Cbobie 45 0iS o oanlin |, locd g 190 b oy baas 51 el iy S oo ool o5l Lol ¢ pitna
(Brabrand & Dahl, 2007) coul aliwcs b alaily 10 0jlg0 cpl 51 SG L oy95 5 g abogy o Slegdge (andels
o o) 551 Ll S so oolicies | ali s slaools 5 Sledbl 5 5l bl mhws ol 5 g bl s gelans
(Agustin etal., 2019) &S slxl oyl o (oL, 5 Jlasl ailgs sod 9 9,105 939 rosls o (slakal
alis g WS oo ool 05 oo rwly 4 yomie a5 Sledlbl g laools aen 3l bl mhaw ol jo 1 gladaly o
(Ozdemir, & Yildiz, 2015) &S oo S o SelS |, )T cloosls (yes alad, ¢
Joly a5 gloj 5 atyany i UL 5 518 Wl oo (Lbbre o (ol ) 1438 poa €155 el
(Ozdemir, & Yildiz, 2015) sas gwess |, ol auw,

2y o bl g ol atdlprani o1 J5lo L teatnsn |y 652 a5 ot ey ity ez el |
oo bbb s (l 5o el Gan o 51 5YL prhans l ol 00 o0l 45" Cansl 5,5 ledol by g
RS petd Jaz sCaadae a |y 095 Sly o wilyy

51,8 Linlesl S8 as 650k gl 5l 50,5 obs,l 8590 50 Gledas 4 o Jow 5 oo (2012) Halloway
gl p bbb 08 o Ao b S a1 55 508 sl slye Joo 05 o0 S5 (T ogd 5 S50
55 e o] 53 45 el K00 5 05l LIS 5 sl oy comlasl 3aled drg Sy BRI sl ansl 0 5 et U]
23Sy GELE J9d U2l slacsle jl pan p a il Euly Bl oy s

S 4z sl B aes os sl g S 550 1) (Gl 52 adga e Joe Coul aiias (2005) Pegg
ples iz Clo b lojed Koo lheds Bk (o s JB 0 piS 0k sl Sldee & )b 5 oaizmy slacdl> 5l 5
s sl lacdle s o5 jsbay aileso Bl Loyt 30 wmbio s3liiul (gl ool Camsdy sl
oy 3 e oW S il (sl 5 S gl 5 (5 - o S (ol (e b 590 Slilee
5 reie QU1 glagaly 2 (lblos (103 525 Al yo b Si5 o 1 35 508 (slordy glgms &)1 05l )18 ol
oy gy 35 705 (] 53 a5 Sl G105 g 03l S g g o bl ple dzg Sy Baas LA () Sl 00
28 S s Joou Sl slacsle 5l pan p &l Eul L

3 e 4k lol p (8b) plebae )y p i e aleisl 05,8 1 gl cnl ol Soa

J4rrae nyo1//:sdy :a8edawoH



Homepage: https://itt.cfu.ac.ir/

VAP AN o lods (pd Jlw cylodes oy jo Jos g s, cole aobidiad g0

sl a3 aslae 5 Aslee e

ol iy )13 5l ol sty sl iy
4 glgw 4 ks b |y as dolas g olas Coms ooy 5 Alfaiz oleish 65,50 Ghjgel s o | Gl 5y
9,105 o ;30 o) 4>
Slalole 0,8 slo iy
5B Gl a4 L ST gl 5 a3 asles 5 Alolas Comne o5 p ailfair Glasib 625 ()
fo,ls
B e 4z 4 Ul wiz mla s s a5 alolea 5 olas G 5 A0y el 65,50 (Y
ks

fo,ls ).,..b Oliwe 4> 4 glakal) mlaw 10 Lo dolas § dolas Corn o 05 5 Bz Slaiil 6.5 e (¥

iy ;0 (VFee) Sbu, g sonlaus Jio 6 Glocpda (ials 0 by pleislh a8 cuslosls )l als
ol | oS pspie IS a3z 3l 5l s wed 2ol g @90 (gl Sils S () plsie v
ool olgel tils slagwly Judos )0 a8 0 5 amis € gomo e S5 G 5 ooliiw | L < Solog apos s ks
)8 apos Jae el slalisle 5l o jo lisel tils glagwl 5l (S a5 ol aseie @POS 5 S0l0 Jas 5o
zobw 5SS olrgel idls g b oloi b ol palyd Gl cpl 8010 Jaw leslaw I aS’ Sy 0,5 ol
Mo (o) Olgie cod (~ragh 0 (Vo) (LlSen 5 GlraS 2358 )18 Llox 9550 9 3555 18 Joe o)
el a8 anid 5 amus Colg a5l eolatwl b glauas Jloges 5l ala wgie pgd 0,90 ol5g0l iils (6 loges
Brd i g HaileS 5 (g0de Ol s [0 g st Ll sod g9t | Slams Jloges Slul poo a0l Oligel szl
iols &l Gl glagewly g Wogs Hlo,85 1 085 S0 5l Lob, el Oligel zils g 0l

o Jo 0 alaugio pgo 090 ligel il 0 Slas (puy 2 plsie Cowi daghy ;0 (VFr0) Gl 5 SlreS
Sl gl 50 lygel zls ST (epojlss (WIS 50 a5 aid F sl «S0l0 gosails 5l eolatul b (5> alolasls
e S il oIS igel il 5l e (OIS (el il (rizmen s laalolasls o S o 5l nly
lesls lis e

90l Glas 3l il aS i 5 ase 5 «lsl ) (6,550l g 05 50 oles> lsie L (2021) Mainali 3.
g 03,515 ol, sloo yaly (sl jeal il Slacuslsl b wigd 5 paie Giled cilizee sl oS5 Wil
> b ol sloslaul a4 bled 5o 2 aS Jb o oS solawl Jloged 1 asls g RUTARESS el
Ayl Ko soae sladl>

&S900 (S010) sadodalice 5,50l s Jow Lol lae cov siwgh o (2022) ) Ken 4 Deniji
@S el jsbay slse Joe a5 ols i laasdly gbs €0y (gl 1o (heshy (oS 5 G b Seiletns
S0 8929 lay] glgu ok 4 el siils o Shae yar pubinns alayl, S oo S | el il 6 Sl

Gedxd (9
5 0303 5l odliissl 5 (UyS)Y elsS 09,5 5 halesl 09,5 (28,5 Jlai 1o b (029 a9 51 2> gy
slodsl Giisel g2 (S ey 0,505, iluesky bl yol gy plasl gl sl 05,5 99 52 50 (y903T
De JOng, t. & ) 55 oo walys b, Slegdge ras Oy dire) 5305 b lopy] (30,5 Lo e 5 clfuiz (sl



03l (s 5 plaodle [ ..y sz Slo il 5,50 55T/ Fo

ool Gledas 650k 5l mdaw 2 4 bgs o sl el e (Lesh et al., 1987 «Van Joolingen, 1998
Ot 5ol 055 (oo 3105 (T 4y glgms ) 0 o5 plaganaiil e )8 (i s )90 sy unainl
waz gl (VN5 lal )3 (y9e5] (ul (b (sl p aBliprens gl islabal) o6 LSl wiz o5 S ST s Lo
(Jad oo Jelowigan ;205 )15 diged ol V Jgoz) s )5 gl ol ()15 9 (S Ve 5 gy (unail o
15y 45 SVl 51 Sl Ve slas oyl sy cnd 1 am 5 sl dadaly alal b SVl w2 5l s G
18 s2b, (higel plaasine )Lisl o o8l 6l V5w (b Groniw 5lam 5 DLl o9 0033 )5 b lag |
ROER

x=y=04Yx+y=3:Voleo oS 00,90 1) ool a5 oS los 1Y 9 X polie : g

A= el iy ol olais] Jlade o s 52 4 Gl s olom polaw o Lkl lagul ool 5 L
0 yod dalone (sl polie (b5l Gl8 o0 s BF AL prans g1l 5 F=glabasl, F=(g LSl iz V=6 L SO

8,5 solitwl fyge3l SO S

SOLO gahaus aar il lablia slageasly 28 ) Joor

Gl i Sy soizaliss ¢l

(_mosa
Db doles 50 10 Y 5 X polie Jw S oo plolid Hlojen Yol Glgieas 1) aliws ) (dad yo d> ) 5,5l SO

Sl @¥slae Jo sl !y (=g, 5 S o0 olwlicd floje OVolas Glsicas |) O¥ole aviz SO L) s il vz
o fewly 4 Wilg cad aBnnS el sloonsl s a4y Lol wuS ol 1) Jsl Jgezme 305 o0 (L o Jaiuwe

Yoles Jo sl 1y omibin g, oS o bl s lojen c¥sles lsiear |y ¥les S 40 a5 L e ai wiz) (slalad,

Jsazme B amo oo )3 c¥olas 5 (S 0 1y ol g auS oo lows 1y Jgl Jotome xS o ol (Wloas plesl izl
Y=1 X=1 s o yd ol LT a5 08 sy Silg o 5 iS o 1) pgo

Sy egline @le b lojen aloles g0 B> g, 5l oolainl b Jo pllie a5 aiS o o)Ll atels S &y ppesd) aldly puass gl
0 Sln L (SBIS slaghy) 9 (R3lr «B3) by i ge 2 L sl Vb aile (a2
Iic s Gl Jzoly (58L gl 650665 g, b oS oo dun 3lae OVolas £65 ) 0 S0y

S oo Slgiioy el o ools u':’)'ﬁ*"i Agd] ol

et 4 Jgiia VEN VEY s o 53 (sl Jlo) oy lales lS Jali ingiy ool (55l Bl
eliosgame ulul 5 (6, Sdiges g, Cawl 00gs 45 FO bagyT olaws a5 ol sizten Ll w)loe (LSb ) (0
e ey Gl s 5o plee VO Jols (ol oal (lel Wiged ol o yiss )3 (6 S Wiged gy SuBls 0929 45
i gole wylae
oBetws Jo clad lslas et cas oealie 09,5 95 j8 lp and> ¥ o bl (> )b iz (0 S 212 S
Colo glaids FO and> ¥ Lialejl 09,5 (6l a5 & ygopas b ool ijsel (IS & g0 g ot sladlolas
L Olad> olawd fued 55 508 09,5 lp g o sols hig0] ailfais sleisb 5l eolitwl b Lo aloles ¢ aloles
b, LS YY) (s8ly sl [l g ouds anslu ojlwciws leslaiwl b Jol ands jo 0l ploxil Jgexe (g, 5l eolaiu!
L aslol o i oo Ldl dolae S Ll g yuitio g Jobss popie Gao ;500 Caoms ;0 LS O g WSb S
o oS o 2 1) 0T G 5 525 Sl )l 1) (28l (5o 5l alis S S @y o illels) ol (g0
olan 5 L e ;5 00 n (g 50lai b 6 ) ladls 69 o) Al iz sl a5l oolical

/arae'nyo i/ /:sdy :a8edawoH



Homepage: https://itt.cfu.ac.ir/

FAVEY A o5los cadd Jlw cylodro cau 5 )0 Jos g 49 ,k5 ole aoliliad 9o

alal)) 098 o0 9,5 Collad S plnil b (o yd QLS @il Jad £9,05 30 o0 o ($2by SIS it Juad I L
S Pomb Tl GLls ey Sl (L sl balas aiejls lses o jo 5 Lalus SLulil (Cdlas 5 oy o
il Coz)lr 4z Bl G im0 (2 pe3 5 G 3 )15 Plawe > sl ligel s a1, (BB Labs b el
aseien | glgw ainls 1o o 52 4y by jo sla el 45wl o)Lal T 4 a8 oads Llowiga 205 ) S5 igas 5 g9
10 k350 T 2l 5 sy iomis Sl am 5 (b gl 52 50 o3l o Slae (tomis Caz 5o (Yl S
S50k g b 5 S0 e SVlgw 4 a0kl g ladidys (o) b e 9 S35 18 255l ol bl
IR PESFRVE S0

P g ;2 )0 Ewly 9 SYIgu 51 (laiges

(6 LS5 pebans) S sy blie s olSiis (g5, X = =2 Las (il )l

(slalar) gebams) dmmgi |y ol 00 oy ol olSis o a5 0 Lo aloles (o

bawly 3l > p ¥ Joux

PRSI, I
o Joo b

Gl s

6)t;_">L.: e

slabal,




03l Lils g lodle [ oo p Az b o loi3l g5, 56 [ FY

(@28l pass gl35l g slalal)) uiS o olysds o) a1, ) (o sloalolas olSs ¥ Jlgms

{ YX+y =20
Yx—y=\-
Lgwl 3l H 0 Y Jeua
ok gl b iy
Joo b
g
@ sl s
sl wi
Slaka,

d ol LS5 b1 S o e | o Y8 o]y 33l 5 Jlo Vo iyy 5 e coms Egazee ¥ Jlouw

il > F Jy

G g | bl gl
Jo b

g

slsle

slsle

Glakl,

/arroenyar1//:sdny :aSedawoH



FYTAEF A 0los o0 Jlo cylodnn sy 5 Jos g 49 515 oo aolibiasd g0

Homepage: https://itt.cfu.ac.ir/

o sl ol Yo ol e plagi Yoo alyad A5 (53, il ) Lk oSy STt aigja F Jf
P Sln Js cel Sl oo o olen Al (59, gl olyen i il las S STslanze g cowl esliin] Cele
(g ladkaly mlaw) o)l an e Hlegy Yo v coolatul celu

g | Jol ol e g Juuslpal &) s 98 (o abaily (A1

DS ey Olaises oKiws jo 1) 558 slaaloles 4 bas 4o (o

fo)ls Sy az b 93 (pl 0y Joe (2

2 Saumo oo dlpiion ) &, o plas” celis VO 5l oolainl gl y (o

gl 5l &5 0 Jgux
b bl sl
Geb &l
Py Joo

sl

6)13‘5“




03l ks g beodle [ oo p A G bzl o5 e 56 [ FF

b . bl gl
b by
g Joo

9 6‘4.]4. el)

gl il

5 2,5 gyl olblie slagul 5l bosls 5 Sledbl (Jlge ,2 saiphans 5 95 51w bosls Ll ol
Jlel 50 .300,5 solaiwl bosls Judoisas s sl (blacwl 5 hwogs jlol 51 g 0s,5 SPSS jl58ls 5 ol lassls
o3e3l 3 bl Jlel o g Jlae SBlimil 5 il ly (eSile o Jlsl 3 woys (Gl ez ploasls (i
Laools o Jloji @90 50 (usire oseil 5l g Wosls oy Jley Sjgo 5o Jais (29,590 test iy
B9 g0 oslaiul

oy sasl

030 o 3 03031 G ko (Swogi Hbol £ Jgus
b slg Sjlibiwl Byl o eS o pdes Aly (Suls SNz oele
Yolope Y5V . YR NIV DAY ge)lin

\&/5 5 Y0V ¥ 14 VY JOAF e /EY \Y/PV ase3lm

o 2 LB Y ) 85k o (SaiS 5 (Ssz 05z coseslom 5 09eslobe i emagi bl Jslaz aazsily
oolislsyge iy i Jloyi slogsesl £58 50 nl Como gl a5 WS oo g Sl @ 3l Wools S g
S0 1R

Loold i Jboy

s 39— g0 310 53 B ol = B9 ,F50lsS (9051 Gyl 5l nosls 35 Jloyi (o 2 Il (25 0l 50
2348 B el plol Bas onlply st Toad osliin Tabgy o slagygesl 5l bans 351 e 0 Gsesl jolaien
S

i Jlo 5 osls 1 a0 ans,8

ot Lo boools z blie a8

/arroenyar1//:sdny :aSedawoH



Homepage: https://itt.cfu.ac.ir/

PO AN oylods (v Jlw cylodes oy jo Jos g s, cole aobidad 90

Shiggmls Syl B9)5 50lS Loy 5
v soliTare bl w soliTaz,e o kel
& olins s lobixs
IY8N Yy At /YN A NE- obeslog,s — ol
/YA vY AT SARE \ Sy olg 05,8 o903 i
Sig. ol am s bl v olilaz e o Lol oy ,5
&) loliss
ey Y “JAAY ey A NARYY ialesl 09,5 sesTim o2k,
-IYPY Y -1304 NARE \ SARE olgS 05,5

ooty a5 el )l slime s el <10 B 5l aS a0l GialejT 09,5 50 (5 loline plaws Laid Jslax asaz g3l
JLA)JLQOQ‘OMCM“,‘ ‘Wd)‘éh&&]ﬂ.«d PD)?AM)QjMJLA)JusA)‘W wl.o‘05)5
Gl (gl 35 (3905
45 Sldolio ) o s diimsoo Lbipe] AlFaiz (sloalesjl 5 witee 605,54 0,5, L a5 @uoum s 3
AJ)L)‘_SJ.\.Q)LSI.SOL! ‘mw@cmlowﬁﬁl 5,559,
.).:5,..;6@ ool (_)“’)5“" Q)Saj)bésw‘ L;’LJOL?LA u‘)m g),a.i:l.‘da 65[.“&
St witse sl Az laaloil » (e 6T, 3,505, b oS Slble S ed Skt HI

Jino 529,59 T-tESE (39031 s Y Jgur

Gllas gh ol ar t o9 093 2k 093l
& holine o f

¥ PYYNeY oY, O¥s, oSan ol s

ya. FVSEY YA oSanl clouil s

3 ouills Ol se mp ool <10 51 55 Gz g el SFRY o) (yseil (g loline s Jpoz aaz sl
9.133,5 oo o8l azls oS 1y J9oz Jsl s 5l 5 (9dcn 90 lasully (5010) Sl (p5San 1) 09,5
bl &l ol &&uwda}&@wwlwna ez gl o e by plpttest aosl g lobine plaw
& ,lolie glas 54 o 0dmlice Wiloays ybigel (Stiw 3,504, b alfaiz sla sleisl st (90l 0,504, L as
o)l 352
aoleo g Alolen Caomen 50 Glodro o o5y Az o3l 35,04 13T 1 eg3 (ol Jl5—
2,18 51,8 o plas’ 53 g Guainb (wlwl p ks
gobe o & Cani ) e 0 Sles slabul; mhan )5 Glolae 45T 235 4 Bl o0 0d S @l ez gl
3 5bee 6,3l S5 g abliprens £l (5 LSl wiz ol )3 S S A e g ool (i 093 5l unad b
290 J7S 09)5 3 b g lolis jsbar Gralesl 05,5 Sl 5iSilos (B (slooms 5 50 izees WS 1S 620
09,5 & late aBbirons eliil g labul) o )3 lebre 5050k haw (S Glgioe Sl & g b 5o alple
ISl olgS 09, s Lo (55t (RS et oo




03l Lils g leodle [ oo p A Gl b3l o5, 56 [ FF

Pgu uiaiinb wlul p lodro 6 S0 el A Jgux

Egocne Ol 52l 2oy 03,5 Jlgw Sl &5k ok

WA AR sinlesl \ Al ot 1501
110,) olsS

IYEY VS sl v slaba,
Y, olsS

XYY AR el A ol loais
Y o5

IYVNY DAY b ) il S5
IAV.Y olS

4 6yl 5 sy L Alsles g Alolao Giso oty 2 BN lai3l (654 1]l Sl

0,08 73U om0 4

8 ezl g Sl (a3l 05,3 51 iy wolsS 09,5 ol 3 (6L LSS (Sl oS o0 osnliin a5 43T lan
glis a5 S g5 ca il (SIG=/NVFO>/-0) VEVE L ol el @ aS (5o e mhaw o T oo sllas
3 S el 50 0lsS 09,5 (lble 3,Slas g 5l 292y elsS g halosT 09,8 (6ol s (e (s olins
S gl SO phw (o gl 80 s o olesl 5l eslaul ol ply ol 00gs s

(665U S5 elaus 5 S (53,550 TESE (y5051 alis N+ Jgar

sig  Df t Levent o)l cjoline ol Gl o Sile  lgl,3 09,f iy yuiie
VARG YIAY Al sl S
CNED Y ) EYE . VA 2=
VISESYIEY y olsS

4 el wo mhw )0 b Aol g dlolee Conno oy g Aluin (leijl (605 )B4 1090 Jlgw

£3,l0 ,.ub Oy 4

93 agamgily 5 e T olsS 05,5 5l st 1y e ialesl 09,5 o3l 6 bsle iz (Sile ceuiS oo ol o

JQ;QL«@

S 4 a5 S g o el (SIG=/- YA O)YN YV L plpp S5 0 a5 (5 )lo sime mhaws o T oo 3llas
oo b @yls 5t g sl mhaw o lblbie s alolas g dolis Core w5 S0 p Alais sla olesl

YW

Sl w50 Jiswn (529,590 T-TESE (9051 i MY Jgur
sig Df t 03— s)lom d‘j: Ol s e Wl il
BT o TR, A YIfY. oY A Gimbeyl s bsle s

Y YIYYY YA Y olgS

J4rrae nyo1//:sdy :a8edawoH



Homepage: https://itt.cfu.ac.ir/

PP O 0 losis o Jlw cylodro sy 10 Jos g 4yl cole aobibiad g0

4z @ glabl) mhw 53 b dole g Alolee Conmo oy g Al 2lijk 605,54 pg—w Jlg—w

0,18 yili oyl 30
Glas ;05 Gaz gl g CololsS 09,8 5l it (talejl 09,8 ol 3l (glalarly (5 Sileo oS o0 oumlis 45 4isF Lo
S 4 a5 S (lgs oo il (SIP=/ YA /+0) YNAYY L plp i oS (glo dme o g b oo
b )l Cude )*-’L’ slabul) mhw )3 (Lble L dslas g dolas Coms g 5 S0 p iz slaolesl

D9 50
Skl g o Jiiummo (9,590 T-teSt (y3051 b AT Jour
Sig Df t Levent 09./:)] §)|¢tm O)LAJL..MJ‘ db.?u‘ u...iul...a @‘5‘} 09; 4.......4‘5 ).ut...c
J-¥A NYY BYVY O A bl gl
Y e
Y YANSOYYA Y S (n)

&S i g Sy

Os 2l iz slacdle (554 a5 cul ul 098 o0 ool dod nl gl 5l &S (pote Sl 455
ol B 5 JLal pae 5955 ublie 53 Baas 5 oostio (55259 wrgo lyicond T 50, it 5 Las
4,50 Boaa b gadod (pl 00 )5 bl jo ol sy 5 Olo )l sbul o cnl (S 395 > by oles sl
Pl o dr ks (bl Lo alslao g dolas Coe ;0 (0b) Gledae ()05 alBaiz Gl ledjl 65
do g laasl dan 10 a5 cl ] pogho (s SOl slaas ;> Koo 4 Cas gadi (pl slag il (S s
sirtis ol 45155 o3l g Sy o35 (eiad 5 ST 5 bl ) sl 5 5] SlySsm s
o gel iz lagledil jleslinul L aS” Slbles ols (lis mls a5 jsbplen o JolS S (90 o2
gl o ;o 28,5 Joe e LS wiz g lalal) 5 o b losin @iBlpeess 351 6 250l ol ;5 Wog
I YINY sl SO mas )0 5 VYV b5 lw aiz v 10 5 YF/V glabal) o ,0 B0 /) 4Bl puess
odew ) lalal) v 4 ol B chas 5| eS g Al pren gl @ Lblie il jiieg oS e e (i lass o
Oojsal o alfais Sleisl 6,8 54 b aS cunl Slalae Codige 5l las opl g 3iles,S o o o 1) dliins g ol
G5 58 5 4 a8 gy lie B o g e gians 45 wis,5 o) Lal s as sbilan asles S ool
2z 23 slo ag lad ulul b3 aloles g aloles s ;5 (5L plabee )y Al Gla el
ey gy, Jaslyiees olipel il slad by b b pe (slo gty 5o Ll st il 25 o az 5 S5
s ploul Jgus ganmaids 3l ooliiwl b (g dolaal o o 0 alawgie pod 0,98 yljgel jils 59, pas (VFe )
sl ma w0 0203153 g 0203k wl lygel 2ls LFY (oo 4l oligal 2ils 51 7YA a5 0g o] 5l S mli
9] Cewd w1 o gewly dilaiules g ailas 518

GG w0 (6,500 e » 295 B ).ul.: BlBaz sla olessl sloolaiwl as ols Lo juegh mls
Eob 31 aS e S | 8 e bl s (ool 3 5 elg] 58 1 85 (65 5 s ol
5 Sk NICEPHLNCE Sl aloil c@ly;s 0,5 )8 Iy ail)| g5t slaig, 23l cou 5l VL
il ppolie (gilwaz LSS g Sledbl oo lojlu 5 Gaes (0318 5 aiajl (6 ,F ol 45 0g wialg>

Sl 6,5 Loy o 5 s alalan 5 aloles Eones w5 5 iz sloplaisl 5l solitl 0 53
Slasiales aiile ( oledjl o o Giyb 5l ool pealie 4l a5 aas o lis ot opl el Cte L5
50 0L Y JEaes sogpie Dlbla )l oloul g Sledbl (o3l s Semps ;0 Wlgi co (S 5 (5 00«5 2 (5O
65,5 B bl o ol alsicgm oSl i o AL oli 5 1, oaplie 58 151,85 5ol 3l s



ool ls g ylodle [ oo p Al o loi3l g 5,0 b/ FA

NC RS S50l p PESe leolFauo b ausl pls ks aie 51085 )15 @ was slacasdse jo 1) 095 ils
s olesl @dlg o aijls oST Glises (6l s 51 LMl @31 Coal 3 a5 5,1 Sleer Ll laay i g
la. )lf)L..u 6‘09.._..4 Le ‘) uLC)Ua‘ A.a."}u 6)..5.)[) ualou 6&;5.._“4 la u‘)g.a—lu.u‘o la QHGA —>g0 c\alfd..}
s U (6,05, comge Y| (i je] (g, ol onl 2 ogdle S Eile 095 3l s slacd b
S o 2ol pedlie 5l (g5 Gree S0 B ams oo Gl o] a0 g oo )l 51,3
N Sbres ¢35 oz Lailg o jloges aiile gt sl ioled 3l eslatwl aS ols L yoren (iogh (pl muls
Ol byl 4y g o alises wetlie oo bL3 ) )18 j0 (0Tl bl ol rso (s pgal slo e 5
2,08 51,8 (6 8ol sl a1l jo s paesi g @0l 5 Gres Slog b 1) 05 iils was 0
keSSl Ty o i S & i Flae o sl | o 5 03,8 50 1, il pnlie e L)
Sb ke osds (g S0l sl slaay i b leassly . cew T alB i glos S, 5l ool T ase o (5,500
09 iz 3o,k 5l Sledbl &l daay Jlas -l ul pai)ls Slesees bl Sonsslw 550k g L b
gl GHls a5 355 o rge (g, ol eiizeed WS (o0 deted ) G20 3loaz LSe 5 SGes (330 waleisl
2 o ol el ol pls S S dag e il laS i G lsaedy aSh disee O yeods 4 ) elis
Syl a5ty 2y odzen eeblie 5 )0 g9iia (bigel slahs, 5l (6550 Cunonl

S8 L S sl ) (et 5 pablie Gaipnl 13 olalss & Wl on sy sl 3T
G 4Blras 61551 b sl o & 5l Gy s 11, 9,55 o ams bisel (85b |y enlie 5
o o S sla ollgs asax g3l Lol funiln o a8l puoed £135) rlas 45 0 5L cncs 0¥ slocul o di jo om0
8,8 S > i mhaw (pl 10 (6950 U les o0

/arae'nyo i/ /:sdy :a8edawoH



Homepage: https://itt.cfu.ac.ir/

FALVEY DA 05los (w20 Jlo cylodmo s yi 30 s g 4yl oole aobiliasd g0

&bw

potie JS & =3z JE3lo g5l ol b el 992550 Glisel Bils S o (pr (VF - o) el (Sl 5 csign 503!
n(f\)\/\ hg..:).) L;/.J)AA/J)J)J G.M.bjju Jw)& J—ali) k—il )‘ oolawl L: ¢ SOLOB APOS 6)Ja.1 U"L"" > J.MS
https://journals.iau.ir/article_682166.html .\ f\-\v¥

950 gl ol molaw wlul p el Al (Lob, (owjd SLS Sb(VF ) S 5Ll g bl ol cusme
https://www.sid.ir/paper/1032196/fa .Ya-\d (Y)Y (oL, L350/ ,0

5 20l 4 e ol B allas ol (OVAA) i) ot gw b8 g et oly drisy ily B S 5,9

XYY OO (s o) A o0 Con i olKiils) Lijg0l (5y9li8 ighy ole 4 i oS S0l
https://jte.sru.ac.ir/article_316.html

ax ;0 gaolae J= 50 olige] il wootde Olalasl (WWAY) L jides )8 cdes JLaS g cagdl 8 ol caomas LS eu S
https://civilica.com/doc/1024892 . ) | o) 5 < éjsel (Ao Livlas Soaoylgz Jas calolas g o

CAYY (o8l Shigel 4y (stlmo (S3515355 (25 9 99290 Ot 10l Sij5al (VWAP) oo (s g 25 58
https://www.roshdmag.ir/Roshdmag_content/media/image/2019/02/14320_orig.pdf .yy-\ -

References

Agustin, S. A., Sugiatno, S., & Suratman, D. (2019). Pemahaman Konseptual Siswa Dikaji dari
Taksonomi SOLO dalam Materi Fungsi Eksponensial di SMA. Jurnal Pendidikan dan
Pembelajaran Khatulistiwa (JPPK), 8(6).
https://jurnal.untan.ac.id/index.php/jpdpb/article/view/33356

Brabrand, C., & Dahl, B. (2008). Constructive alignment and the SOLO taxonomy: a comparative
study of university competences in computer science vs. mathematics. In Conferences in
Research and Practice in Information Technology (Vol. 88, pp. 3-17). Australian
Computer Society. https://vbn.aau.dk/files/212444193/CRPITV88Brabrand.pdf

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.
https://journals.sagepub.com/doi/abs/10.3102/00346543068002179

Deniji, S. M., Baker, P., & Schmude, M. (2022). Structure of the Observed Learning Outcomes
(SOLO) model: A mixed-method systematic review of research in mathematics education.
EURASIA Journal of Mathematics, Science and Technology Education, 18(6), em2119.
https://www.ejmste.com/article/structure-of-the-observed-learning-outcomes-solo-model-
a-mixed-method-systematic-review-of-research-12087

Dufour-Janvier, B., Bednarz, N., & Belanger, M. (1987). Pedagogical considerations concerning
the problem of representation. In C. Janvier (Ed), Problems of Representation in the
teaching and learning of mathematics (pp. 109-122). Hillsdale, NJ: Lawrence Erlbaum.
https://psycnet.apa.org/record/1987-97166-000

Duval, R. (2006). A cognitive analysis of problems of comprehension in a learning of
mathematics. Educational studies in mathematics, 61(1), 103-131. DOI: 10.1007/s1064
https://link.springer.com/article/10.1007/S10649-006-0400-Z

Gagatsis, A. & Shaikalli, M. (2004). Ability to translate from one representation of the concept
of function to another and mathematical problem solving. Educational Psychology, 24,
645-657. https://www.tandfonline.com/doi/abs/10.1080/0144341042000262953

Goya, Z., & Sarshati, H. (2007). Teaching Mathematics: Existing Problems and the Role of
Technology. Journal of the Development of Mathematics Education, 24(87), 10-23.
https://www.roshdmag.ir/Roshdmag_content/media/image/2019/02/14320_orig.pdf  [In
Persian]

Halloway, W. (2012). Quality learning with reference to the solo model. Retrieved October,
12,2012

Hidayatullah, A. (2019). Comparison of processes construct concept of solo theory and apos
theory in mathematics learning. Humanities & Social Sciences Reviews, 7(3), 432-237.
https://www.researchgate.net/profile/ Achmad-
Hidayatullah/publication/333138531_Comparison_of processes_construct_concept_of S
OLO_theory_and_APOS_theory_in_mathematics_learning/links/5ea2fOb7a6fdcc88fc3a4
5f3/Comparison-of-processes-construct-concept-of-SOLO-theory-and-APOS-theory-in-
mathematics-learning.pdf



ool Jls g yledle [ oo p Al b o loi3l g 8, 5l [ O

Hook, P. (2016). First steps with SOLO taxonomy: Applying the model in your classroom.
Essential Resources Educational Publishers  Limited.  https://www.otb.ie/wp-
content/uploads/2021/03/First-Steps-with-SOLO-Taxonomy-Excerpt.pdf

Izadi, M., & Reyhani, E. (1400). Investigating the understanding of second-year elementary
school students in Tehran of the substructure of the fraction concept based on APOS and
SOLO theory, using an unusual task. Research in Curriculum Planning, 18(41), 124-141.
https://journals.iau.ir/article_682166.html [In Persian]

Kariminia, K., Aminifar, E., & Kamali Khamseh, F. (2012). Students' conceptual errors in solving
first-degree equations and linear equations, Fourth National Education Conference,
Tehran, Iran. https://civilica.com/doc/1024892 [In Persian]

Lesh, R., Post, T., & Behr, M. (1987). Representations and translations among representations in
mathematics learning and problem solving. In C. Janvier (Ed.), Problems of representation
in the teaching and learning of mathematics (pp. 33-40). Hillsdale, NJ: Lawrence Erlbaum
Associates. https://psycnet.apa.org/record/1987-97166-000

Mainali, B. (2021). Representation in teaching and learning mathematics. International Journal of
Education in Mathematics, Science, and Technology (IJEMST), 9(1), 1-21.
https://doi.org/10.46328/ijemst.1111

Mohabat Panah, A., & Yaftian, N. (1400). Evaluation of the sixth grade mathematics textbook
based on Solo's classification levels, Research in Mathematics Education, 2(2), 15-29.
https://www.sid.ir/paper/1032196/fa [In Persian]

National Council of Teacher of Mathematics (2000). Principles and Standards for School
Mathematics (NCTM-2000)

Nowruz Laraki, F., Bakhshalizadeh, S., & Ghorbani SiSakht, Z. (2019). Multiple Representation:
An Important Process in Teaching and Learning Fractions. Scientific Research Journal of
Educational Technology (Shahid Rajaee Teacher Training University, Tehran), 5(1), 13-
23. https://jte.sru.ac.ir/article_316.html [In Persian]

Ozdemir, A. S., & Goktepe Yildiz, S. (2015). The Analysis of Elementary Mathematics
Preservice Teachers' Spatial Orientation Skills with SOLO Model. Eurasian Journal of
Educational Research, 61, 217-236.
https://dergipark.org.tr/en/pub/ejer/issue/30026/324176

Pegg, J. (2010). Promoting the acquisition of higher order skills and understandings in primary
and secondary mathematics [Paper presentation]. Australian Council for Education
Research Conference, Melbourne.
https://research.acer.edu.au/research_conference/RC2010/16august/19/

Saputra, D. C., Nurjanah, A., & Retnawati, H. (2019, October). Students’ Ability of Mathematical
Problem-Solving Based On SOLO Taxonomy. Journal of Physics: Conference Series (Vol.
1320, No. 1, p. 012070). 10P Publishing. https://iopscience.iop.org/article/10.1088/1742-
6596/1320/1/012070/meta

Uyun, L. M., & Wardana, M. D. K. (2023). Question Level Analysis based on the Observed
Taxonomy of Learning Outcome Structures in the 2013 Elementary School Mathematics
Curriculum Book. Indonesian Journal of Education Methods Development, 21, 10-21070.
https://ijemd.umsida.ac.id/index.php/ijemd/article/view/718

Jarraengarl//isdny :a8edswon



