Curriculum research: VVol.16, No.1, 2026, Ser 31: 255-274

Curriculum Research ";7/

Journal homepage: https://jcr.shirazu.ac.ir/

The Impact of Visual Representation on Solving Mathematical Word
Problems: A Comparative Study across Number, Proportion, and

Geometry Domains

Majid Haghverdi'" ‘2, Maryam Rozbahani?
1. Mathematics Department, Ar.C., Islamic Azad University, Arak Branch, Iran
Department of Mathematics, Ar.C.Islamic Azad University, Arak, Iran

ARTICLE INFO

Received: 2025/11/28
Revised: 2026/06/18
Accepted: 2026/07/12

Keywords:
Mathematical word problems, -
pictorial representation, content:
domain, mathematics education, *

problem-solving. :
1
i

Abstract
This study compared students' performance in solving mathematical word

i problems presented in descriptive (verbal) and pictorial (visual) formats. A

quasi-experimental design was used, with a within-subjects comparison of
formats and a between-subjects comparison of grade levels. The sample
comprised 60 female students from sixth-grade elementary and first-cycle
secondary school in Borujerd, selected via convenience sampling. A researcher-
made test of 21 paired problems across three domains: numbers, ratio, and
geometry/measurement (7 each) were used, with each problem presented in
both formats. For each participant, 12 problems were randomly assigned as
descriptive (Form A) and the rest as pictorial (Form B). Data were analyzed
using paired and independent-samples t-tests. Results showed that shifting from
descriptive to pictorial representation significantly affected performance (t = -
5.90, p < 0.05). Elementary students performed better on pictorial problems (M
= 16.5) than descriptive ones (M = 10.65); secondary students showed a similar
pattern (pictorial: M = 14.58, descriptive: M = 12.40). The pictorial advantage
was most pronounced in geometry/measurement (M = 16 vs. 13), followed by
ratio (M = 10.17 vs. 14.67) and numbers (M = 12.42 vs. 15.67). Findings
underscore the effectiveness of pictorial representation, especially in geometric
problems, for learning and problem-solving.
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Extended Abstract

Introduction

Mathematical word problems represent one
of the most challenging aspects of
mathematics education. Over the past 50
years, they have been the focus of extensive
research as  educators increasingly
emphasize the application of mathematical
knowledge in real-life situations
(Verschaffel et al., 2020; Kilpatrick, 1996;
OECD, 1999). The successful solution of
mathematical problems requires
understanding relationships, recognizing
data, and comprehending concepts, where
mental-visual representations play a crucial
role (Haghverdi & Goya, 2010). Visual
representation is one method for presenting
mathematical problems. While word
problems are often accompanied by images
that can enhance understanding, questions
remain about whether visual representations
are beneficial for the learning process itself
(Noori Afshar et al., 2017; Seufert, Janen &
Brinken, 2007). This research examines
how changing mathematical word problems
from descriptive to visual representation
affects student performance across different
educational levels (elementary sixth grade
and lower secondary) and content domains
(numbers, proportions, and geometry).

Theoretical Framework

Visual representations are typically an
indirect representation of the real world for
students (Beaumont et al., 2017). According
to Diezmann and English (2003), visual
representation in mathematics education is
important for two reasons: it supports
reflection of problem data and provides
meaning for connecting mathematical ideas.
Hegarty and  Kozhevnikov  (1999)
distinguished  schematic  representation
(concrete visualization) from diagrammatic
representation  (abstract,  emphasizing
relationships). Elia and Philippou (2004)
classified images into four functional types:
(1) Decorative images with no connection to
the problem; (2) Representational images
describing the problem scene; (3)
Organizational images providing
instructions for problem-solving; and (4)
Informational images providing essential

information for understanding or solving the
problem.

Methodology

This quasi-experimental study used paired
equivalent problems presented in both visual
and verbal forms. The sample consisted of
60 female students from Borujerd city (20
sixth-grade elementary 60 and 40 lower-
secondary students), selected through
convenience sampling. The research
instrument comprised 21 paired problems
equally distributed across numbers (7),
proportions (7), and geometry and
measurement (7). Each problem was
designed in both descriptive and visual
formats. For each student, 12 of the 21
problems were randomly selected as
descriptive problems (Version A), while the
remaining 9 appeared as visual problems
(Version B), presented in random order.
Students had 60 minutes to complete the test,
with calculator use permitted. Data were
analyzed using paired and independent t-
tests, with  responses scored  as
incorrect/correct (0 or 1).

Findings

Results showed that changing word
problems from descriptive to visual
representation significantly affected student
performance. Students' average scores in all
three content domains were significantly
higher in the visual version. The paired t-test
confirmed this difference was statistically
significant (t = -5.90, p<0.05), with a
negative Pearson correlation indicating an
inverse relationship between descriptive and
visual problem difficulty. In elementary
school, descriptive problem scores averaged
10.65 (SD=2.39) versus 16.50 (SD=3.14) for
visual problems—a difference of 5.85
points. In lower secondary, descriptive
scores averaged 12.40 (SD=2.12) versus
14.58 (SD=2.27) for visual problems—a
difference of 2.18 points. Independent t-tests
confirmed significant performance
differences between educational levels
(p<0.05). Notably, lower secondary students
performed better on descriptive problems
due to developed language skills, while
elementary students excelled with visual
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problems, suggesting stronger visual-spatial
thinking at younger ages. Content domain
analysis revealed varying effects: In
numbers, descriptive scores averaged 10.17
(SD=5.44) versus 14.67 (SD=5.20) for
visual—a 4.5-point increase. In proportions,
scores were 12.42 (SD=5.48) versus 15.67
(SD=6.92)—a 3.25-point increase. In
geometry, scores were 13.00 (SD=5.38)
versus 16.00 (SD=4.94). Although the
geometry domain showed a 3-point
numerical difference, the lower standard
deviation in visual problems indicated more
stable and consistent effects, aligning with
the spatial-visual nature of geometric
problems.

Discussion and Conclusion

This research demonstrated that changing
problem representation from descriptive to
visual significantly improves students'
problem-solving ability, consistent with
previous research (Azizi Mahmoudabad et
al., 2019; Beaumont et al., 2017). Excessive
verbal content often negatively affects
performance (Boonen et al., 2014; Fuchs et
al., 2015), explaining the positive effect of
visual representation. A key finding is the
differential effect across content domains.
Visual representation was most effective in
geometry and measurement, consistent with
Hoogland et al. (2016) and Schultz et al.
(2010), likely due to the spatial-visual nature
where visual representation directly supports
mental model construction. In proportions,
the effect was relatively less, possibly due to
inherent complexity requiring quantity-to-
whole comparisons. Elementary students
benefited more from visual representation,
suggesting greater reliance on visual-spatial
thinking, while lower secondary students
performed better on descriptive problems
due to developed language skills. These
findings have important implications for
designing educational materials: balanced
use of descriptive and visual representations
according to content domain and educational
level can enhance learning and problem-
solving. Study limitations include the
restriction to female students and
convenience sampling. Future research
should employ larger, more diverse samples

and qualitative methods such as interviews
and think-aloud protocols to investigate
factors affecting visual representation
effectiveness more deeply.

Keyword: Mathematical word problems,
pictorial representation, content domain,
mathematics education, problem-solving.



Yoo-YVE :NEeo QL.W.:U E) )L@.ﬁ AR @L:i ;d)l A)L&.jl cV.AAJ:L& 09> «L;J,.hj}.v dlae

/_‘
X AL S ,/

Y ) e sl agi
s el
=1

Journal homepage: https://jcr.shirazu.ac.ir/

S 3ol (glae) g 55 Andai addllas 1 5L, NS fluw J> 5 500 slaijl 50
Awlr
- - * -
TS e G208 G e
Ol STl e oDl 53T o&sls (STl Ay (sl (o sel Sliils )

d‘)ﬁ‘ ‘J‘)‘ ‘Qgﬂy\»ﬂ\ )l)T oKMu\J u_gbl JP-\} ‘gf’"Li) L):J))'AT .,L»I)' L;AJLAA')S 6}%&') Y

oS> | dlae SleMb|

j(‘ja%) W}J C«_a;;)n EEISL) gj"’lij ‘;‘% J:LMJ?‘_)J d‘)}ﬁi&l) éjgl.a& 4.-....1ULA xJMLvur:Aj}l U‘L‘ H
| Ve £V il b

VEL O/ YIYA 1 K35k fu

VE1O/ LYY Bl Gyl

S393lom ob 5 amise 53 amlie Sl 350310000 mib b et g 5l Ras A il (6 gl
Ol g a0 J a)j;jkﬁlglruql%f};jfTﬁl;T' Jols 4 5as .Jﬁ‘}:&ddﬁw awslie gl g
3 v).de.liMY\ )‘WJ«»L\A‘}‘C‘N g;}}A)TL&Aj}:)‘){. LS Ol et (3 esed 4 aS 353 g 0 g

Lgﬁ}.gijgéfp}iQGJA)JMJASsﬁ(AhMVVUSJA)LS;U'I.,UIJMM}ML;l.,u—\.s)‘?w ;

3 o3l ek sl 0L bl LA o Jine U5 s t Osa3l b Laesls . as &Sl (O) (50 sl a5end
ook ol o553 3 (P<O/05 &= -5/90) 3,15 0l pel s 3 Shoe  Jlsbine 6 56 (529l &0 o5
selie oS 5 davgie oysn 53 5 35 (M=T01 ) Lio 5 31 i M=0/V1) (6 58 Bl 3 5 Sas
b s i3l o oS Bl
Pl il alsoms o35
! e

S slaells

5 dwdd o)e= > sz'i}"‘: ‘;‘{LAJ)LJ )5] Cmoma .(M=i'/\\' JL:.A}J 4M=0/\/\i ‘5;:},‘&?) Ao edalie
M=£Y/Y) slasl 5 (M= Ll s M=wWh ) e 5l 5 8 (M=Y 1 s M=) (65651l
d 5 Sl s 55 ks Plas 53 0350 (6 p sl oleisl el Ll s (M=WNO Ll s

1

1

i

1

1

1

I

1

1

1

1

1

- 1
Olpea Plw sl 5 () ieo 5 a5ens Olpeay Bolal O gon dien VY (Sosasl o gl S &1k
1

1

1

1

1

1

1

1

1

1

1

1
AJ,!;..L:S‘UAJ&ME

5 S el Slaos g 3 s addllae Sl OIS Blew 3 s bl U 0800) o Slasss s pusas G ekl
Dl 5 Sl ™V iy ol sl (a5 093 Ol s anly Slallle cpaml (s i sl 2a g s ke Abms akia

YVE-Yoo NEro
DOI:10.22099/JCR.2026.8873

Majid.Haghverdi@iau.ac.ir :J g sdims 55 .*
COPYRIGHTS ©2026 The author(s). This is an open access article distributed under the terms of the Creative
o Commons Attribution (CC BY-NC 4.0), which permits unrestricted use, distribution, and reproduction in any
medium, as long as the Original authors and source are cited. No permission is required from the authors or the

publisher



file:///C:/Users/User/Downloads/Eitaa Desktop/0000-0002-2252-3844
file:///C:/Users/User/Downloads/Eitaa Desktop/4.	0009-0002-2933-8809
https://doi.org/10.22099/jcr.2026.8873
https://doi.org/10.22099/jcr.2026.8873

Yod SW595 9 8559 G/ awdia g S sl laos g 5 Ak adllae 1 oL, NS Slew > 53 (6 2 S @b,b,_ii;‘

VRV
i 3 S Olge 4 Bl sl laslge 0T L ol 01,8153 a8 ol Jiles oy 550585 51 S5 S filws
B ook o e et 0 5 03 adBle 3y50 05l pen oS ol Slesdge bl L3 i o gl peal,
Verschaffel, Schukajlow & et ) asl oSS Blew jsme s ot Jla 00 (b s b fass (Ll Ol s 5
ol sl Sslge 5 I Sleslinal (S nesis 655 5 ol Liisel slatasn 3 sk 5> (@l1,2020
u:j),,i Sl sl 3 3lse & 5805, 3L 55 ol 51 s (Toner ,2011¢ OECD,1999 ¢ Kilpatrick,1996) <.wl o3
Jols 51 oslinad dnans (sl ks 355 adly (S5 Slacamd o 53 Ll lgn 5 il Sl aslinad L3l s
Sl o33 by 050, oo aland o 3 flos J> O3l 5ls sl 2Uls ool 5 Gassel sl DS
o0 SIS 53 edl slo S 4 mBly SW3 slacusd e axdS Jle sy Jsb s .(Haghverdi, 2014)
035 Ggmw sl w |y Wiy opl 48 5505 593y 5Ly E5ael 53 S i pli ol ol eslizud av e Sl
Sl 5l eslial sla sy amsde DLl 53 i ST Gl sl st ys ol Olades Syl o
(Toner ,2011: OECD,1999 : Kilpatrick,1996) . ls o o35, S5 3

Slp ols S5 G ol slaslitle 5 AST 51 s ael ) 45 Sl 63 S salie (1487 ) 5LLS
e 335 e elial (gl b 50y S s Slsl, 50155 &S pla s s 5 el slas )l 0kleS
SR e s Olss 4 Cundls Sl oladle 5l edl 3 (sleslinad ¢p 55 .(Kilpatrick,1996) (ool osls O
(RME)' 315 o, iisel L3 e Olpe a5 spmy Slsly Glp Jadlsmas )l S
daaw 3 (Van den Heuvel-Panhuizen & Drijvers,2014¢ 1994 Gravemeijer, ,1999,2004¢ Freudenthal 1973)
ol b il Ol gol 2515 45 ol (I RME s ol oyl 15 55500 Aul 3 )3 ogn 285 s aled3l 5 ads
Syl i gy el g Sl SLols esliss gl 53 (wss SolS ) s slse 5 des
BN 13 13 0 je50, S5 sls aies 3 oS Ll il a3ty O30l L350 () oo i 51Ul 5 5 el
Gl Olisel 25ls 03 S eslel (gl Jais _adly S5 lacumdse RME 5 sy cpl 518 oo 03,50 1) 5L ol
Sy sosete Sl S SLIRME 55 a8l S5 lacadge ool 5 S5I8 558 el eslizal (63,5,8 filus >
5 atn o 2 sal 08 55 5m 53 edd S5 N o LS e 3k O3 sel s &S ol Ll ) i S
5 2k 5 Camdly bl edasOLES &S s S8 ot s S glaarli Olgsa OIS e L siledas
Al DS (sl s 3 (e iyl o 55 el s oIS (Gla a3 3 Candls _oled3l 6 gm0 (3laze
Wl gy S Je K8 xss e T S Ulse 4 oS s a3l (S5 ool sl Bl 5 L e
Madison, B. L., & ) &8 e eslital 3ly o s ol 5l aea 51 P 4 ol OIS Jilos 555 0 eslit]
ol &S Sl Sl 5 4 IS Bl Les (55158 gla (gl 55s .(Sriraman& et al,2006 ¢ Steen, 2008
23 S PBles Jo sl Ol3 sl 5305 sla oUls bl sl ol Olgie a4 (oIS ilea (1 5505 a3 55 asdllas
s 5 ey 3pge |y el a3 ST5 5ael s &S el glacadly b ocnlize 0 05, Jes (glacond g

3303 03 Sy a o s 3l o2hy oIS Blas Cand e joas a5 A el Cda L syl onl sl

1. Realistic Mathematics Education



Yoo —-YV¢ 6\.&4;&.».0 Apl &L_ge Ula.f-’v NEeo QL‘L.JU K] JL&! «J_}‘ a‘)l.«.& g(..n;,iw 0795 1 g% S MUﬁ ‘5\.&‘)1&‘3:.% Y.

5 S0es p U cawdis 5 (¢S el s olisl ey o= 53 alagze U)’)(f&:’ su"Lg)u.il.)a{\ckb

Syl bl ol s QU}JJJ\:

i 2ol o B dde
Lulss 5 penlin S 5 Laesls Sl caltos 53 352 50 5l Jails) S pskins Bl Al peldbse >
or! (Haghverdi&Goya,2010) . ,ls el Ol s ng/@, -y sl ol sl eslatal oS ol ol 53 2L
B o - RN IR VLY A RV O NCI PP T R
Ll oS5l 45 ol Jisw i b altes o (Dol 53l slaa B e 5Bl e altee ok e
BB 55 OF Goee Sltla 5 o Jltle Ol 5 S Jids sl S5)s pleisl by alies S5 aledsl
Ol &S aiS o Jos ol sdmsila sl (glalS 55le Ol oty (6 mm — 3 la oledsb cgm sl pl 55 35
sl s e2lR 1 e st 5 oS Ll (sade glaesls (olear LSS

3 S sl e Sy 5 assltle a4 wmdls Oledl gladsl w3 (Y0 F) p iS5 KisS-oy 53
s5dpn 4388 Ll ool g pe S slie 5 | gt bins el &S e SSlal 5 ISy plat ot Slio
Lila a5l e pllad 1 SL Sl Sl S aly plasl a a0 ol (DeWindt-King & Goldin, 2003)
Sisls ol el 51 5 S Rl g s 3 b Jolas i s plad3l ol ol Seaisle s Sy, it Sl
S e | 2Ly Vil Sk S WIS e el kS pl by b s Dbl e 55 O s

Jlos sl 5 sl plaiSl o gy cnl 51 (S sl sz Bhs Jlew oLl Gl SSUS sl i)
Jya Sl o558 (6 3Ll 50352 o 8 o 4 2 5ms 15 o i e catd] s ol e sl L LAST oS
Lo a3 e 35 IS Sopo L e SlEles sl ) 48 5530 esl LU AL s ol
Nori afshr & )Tz ez o oo (5 Sk ul b 355 Sl (5 peas Sla o ledsl LT & o zAee o J ol
& Bisanz,2005Parmar & Signer,2005<Crisp& Sweiry,2007 ¢ Seufert, Janen & Briinken,2006 <t al,2017
.(Rasmussen

el 2 s L D (sl 5580l D Ol el agls eylal ege (ke OIS w4 i gl
20l L 5 o LS DL A e S At Las s Sose 3 sl (sl L e kS
3 S o pot FFLE L G s (SASy cm e el (Ses Sse ) 8 53 s DSl
5 43 IS oy s e Ll o Sl 5 IS Sl Sleses (IS s 4 kS Sllas pien
B I3 g 5 e Ole pliae gllsem «OT b ite o pd Sl bl

Beaumont, ) ol 013 sl 5305 (1 w315 Olgr ediionn b Siala Sl IS8 S Y gome (5 5 sla 2 la5l
WLl ol lml 5 s a2 Ol Slaauly 28 w0l o bl (s s .(Mudd, Turner & Barnes, 2017
Srpas b3l ool Jiisal 53 (Yoor) (2SSl 5 Olegs 5l 8 4 dules S ol (s3ladie diyl b oy 5 S
roete 5 L 4l psn 5 o)ls i Ghaesls WSl s mlem A8 S Sl s il e g 50 |
dis J> 5 Bl 6500 Gl e Ol s sl pleiil Sioosba toad oL, gleeksl LUl
XS o Ol &S Sl g Wk sla L3l gl b oSs ol (Diezmann & English, 2003) ..l



Y OyKan 5 02038 5 / O ol 231 (51 6 o (gla (Kol o some b AIKENS s y3 gladali oy 31 g oI

(13505 0 3o cp3lad ( oIS) 08U S (sla pled sl Ol Lils 0 S5l &S das oo ) Slas s S5k
SAas ft;u‘l Aoz

55 il Area S0 58 53 Gl bl Lol en (OIS Bl oS sl 0L (SGS sla plesl (s
;.K:;j;; 558 (oledsl b i 5l o BB 55 a3 SIS a5 S (6 all prlans 3 LS
5oLl e e Sloolm b bl s Wles S laze loslem b Ll 51 (solsge gleisl (1449)
53 e Laulss a8 Lsls 5 ol Lanle (ol gad 750 5 Lol Ol Wi s e alls alies 0553 55 oS Jlas
s 505 el edanss (3505 5w i Lo 51 55les ). (Hegarty & Kozhevnikov, 1999) 1S e A4St aes
gl 4 ol sed sla pleisl &S S 53 bilag e aie mbau jlitle bzl loyle b sla oLl
S 0 SeS S, Ll s Gees Sl

3,8 o oo 2 )8 s hates G055 53 p 5 ke o Slesl b sl gduail slas s )8 L )
(Elia & Philippou, 2004):
o5 1 i (Sale o Lol il OF Jomoly b e U (LSl 55 ot 4 Aiten (5 5lal (05 sl -
s e g b S b e s Ve Ll ail aals 50 ol (Sen gl pl S s
S 5l S L Jle Olgie a ims o 5 1 OF e b bt 51 2 oS s (g sbat el slead -
) Fadgn S5 Al S e nslal 8 nl AIS a0 gl 5 OF 1 ool i b L) alts 3 sl 5w
Al e e 1y oS Ll Ll Ll S Lgos
Sty ates = 2a 5148 duas e € gld s S L S b 6l 1y ol el s 1 glesle slas —
Lol 5 pomel p dile bl glads] 3 Al g o 9 S 0 s (53 8l dad): asbal pl AS
S Ly 58
534S g3de Sl dile (kS o &) 1 At > U 5 Odoegd 8l G050 SleDbl 4 1 Sledbl s slas —
ois Sl gpen Jds 4 pslas ¢ o (Verschaffel, Schukajlow et al., 2020). ol odil &1, s &y 50
Al i s Shes s sl ) b b o x5, el

ol Dbl (55l LT aan Ll e 5 n slizal b5 o s3 SAGS 3 (5 sla 2 la 3l 51 31 5ok
Uisel ity ol 3 Shas b pledsl 08USS elsl Sl w0 aditens b 0 (Sl (sla sy it a5 o
S e gy Glaols S J- s 1 cd g olosl s & LSRG sdasilis Caasy cpl 53l o
o 5l 5 gy slas 08058 ¢l 5l 310 Shal,l8 oL s Aapllss o al s Ll ey sla a3
D108 e U el s S5l sl ale g a la plaiil 4K 4Kl sy se s Coslie olgalaus
bl gad el dasls god aher 51 (g ar glafales Sl glos 28 i 51 Sl oesd GlalS S s 4l
U3 sl 5 s el 5 Ol el J5ls 5 Ko eslitul a4 ax 5 LS e bzl b oSe 5 85 sl
s i = 5 e gyl 0SUS ¢l S Sl S s oS ol s e b pllsl
S o L5155 o L L3 iy 4 355 e Sty Slad gl il g Sl LIS e 56 6 S5
S el (g 8h 55 eIl A e s oS g



Yoo —-YV¢ 6\.&4;&.».0 Apl &L_ge Ula.f-’v NEeo QL‘L.JU K] JL&! «J_}‘ a‘)l.«.& g(..n;,iw 0795 1 g% S MUﬁ ‘5\.&‘)1&‘3:.% Yy

2 Blay G5l KGOl 4 Ll o s hu s e o dis S 1 SIS Gl Sl

Ol 83,5 0 S & g o L 8 LIS ()l585 o S Gt | At oS o oS 558 45 S L
S Olge 4 dlE e 0 SEIS S a4 aSl e Soge 4 eS 6 (L)) IS s D05 I3 S
oo s o a diee e dnld feed Gaa Loplae b ey S el B by 3550 e
Silwddor Csm ol L5 Sy, o) L(Haghverdi, 2014, Verschaffel, 2016, Haghverdi and Wiest, 2016) ,, 4,
Jled alasl> L cos S ST 1 altews (gladaly Sl 15 o (SIS oleisl a8 oo Olo &5 Sl goed (5l
23 Snsa S bl fll & depllsd w5 cameS 5o 3550 w23 SGes ol 0BGl 5 das a8,
G Jde anws @ Ll o 15 ol o500 o 5 e e Sl Sl Lo s B Sl s ST il

J}JW&Q}W&})J@W&L&M\fﬁﬁMg&JAWQ)L)Jd‘@)@

oot B XD
bl () el sds g a8 cla.v 95 53 (ool oIS e oLt & M poize (s cnl s
O3 L 5 sal S5l bl s 6,13 o 5Ll Lol adis G ize B oo @81,) 4y o sgie i 51 45 NS/ o 5
e b Ghassy ol 0 e ol o Slles B Sl alis Cond g 5 a3 Je GG S sl SS
@ oseie SRS gl pleiil (O) ol sl w5l 8 Oy sea Ll diise oS 55l Calle (A
b a5 3505 05l (labe e ASle (6 Jo L pwdin S5 Gls500) (§mr e SO L alies e ol s
o) b o ol o GUlas I 5hcd Sy aleiil SO e die Sl Al 51 s (65l Ol
S8 sla L3l (Leshetal., 1987; Janvier, 1987) s b syl wlal 5 Cla.d 33 ool callas (o
SLlasdgo 5 (poled (6 3l « S Sba Sleisl Ol Jods 5 a5 S8 oS Llodd (ghu s 50 LS o
Sl (Bl IS s > 55 5 5al 2l 3 Shaeh ¢ i g s il ke 305 AST oL, (5,550 s il
e el 4 Oy 6l 03 ol Slles (6l 5 ad L3l s 3 Sel s Ul 4 e spde a3 S
Coogo 33 0) 03 S oS Ul 55 el 215 48 (glo i b e cpl e Slhas a5 51 s)ls o Ll DS alies G
(S oo 5) a5 53 515 8 53 S5 [ e bl 5o 5 (oms ol s 3 ) e ol sl
o)) pxia 5 (abaw e Jgl opsn blds 5o ool (22) (oo Clala» JUC ST IrR | RN BT GV S WA VE LU
Ol b s a8 L5 3 ediS sduaids (sla e O e (5,8 0310 5 avdin s oliel) (oL ol sis
5 walp 0808 leas S 5 03 aleisl s ) 5

Sy B 3 s IS 3 A3l (S5 sbecamise 5 Sbs Bles 51 olaisl S sed anlllas cpl 5o
3,575k 5 OIS (pomer 5 S sal Do po 4 dhies Olojan Ol bl Sloes r 55 Jilos Sleslinal oS oo
Iyl aaw sz 5l 2o O3 sal 250 Ryl (obel amalr el b 55l 03 O3 sal 205 Ul Ol e
b ey sl elal o g1 slias .l o VE Y=V 80T e Jle s



Yy O, e 5 03138 5 / 0 ol Siils (gl 4 (sl Koml oy goun by AR o3 slateli i 51 (5 &)

Ol 5 00 3l phis S & Sobel anel> N Jgu

RS sl éau

Yo/0 oY1 el Ol xs
Vi/o VoYY Jsl AJa..N};A Ol s
Yoo Y+ 04 B N

S 3R 3 (S 3 oy gy ok b OgasT A eslinal o s 53 (6 S W s S ) Rasg onl 3
Ol a5 A3 |l (Ul a2 ojle 5 oy gl oplde Jold) 5 5 1 Ol s 205 (g3 o liks
g 52 288 1 el 2y 5e Sh) Jles Jo 50 SEWL,S0L 5 Shes Sl gl sl 1l S
Camazr S 31 o5 YO 550 slds opl &S Wis S oS 5 o)ﬂjﬁmcu.”; dny ko YO 315 gal 215 Yo
o g ahade 3l L 0 j¢1@|da@;\,ux~>jyigu1>'\~ OUT Ola 31 sls po a5 1y adlate (g3 50 51
35 55 baesls Jow 6us Ol s Aol o gl candllae js oS 0 4 Bl g o mes bl (U
Jo 0 Olpsal Jisls ol el Sl Gl il 5 o Sls sl (oS 53 bl blinal 5 o 5 e
A sl ($ 3 5 D) 2ol g 5o b Lo
1238 3 eslinad 3,50 05031 £ 53 ¢ blinal o 3
(M) (il s — 53 Ploos 31w 55 53 jael 2ls a5 Shes aslin g1t st O3l L)
g5 33 A eSS b sl oy Ll g b s 5l 4= (6 pad) () a5
g e3ls C.AL Iy Jl e
5 Jizes &S (sl o gze 5 oldnh) Jeasd o5 5 55 o 3 Shes sl aulie gl " Jimes t O geT Y
sy S
2y bl CJJ).A)J)"}ATUI:‘JJAJSeJaJ Losasl oles 5o Julows a1y
Lol a5 el oalital 5 St O30 S5 5l i3 Gl ite Ol S Gees Jals)y oy 0 Sl cad ) e o
Je b 5 L5 Sl t glaogasl y hol (318 da ks Ols sl o 55 503 5 Laesls g0 4y a5 L
Olgs & Mt 5 it laosesl Lo dlie Llg el 55 s es el ol 1)) Wl ol 3 Sz

L e e ol o sl

Oge3l sl 2!
J= 00 Srsa S pleisl e 3 ety Sllllas Sleldl b 5 Shass 6B Csmolr Slee ol 0l (b
b 85 e (V48) L5555 5 e 5 (Y1) 0en 5 2208 5 (sla 2a sy o554 ¢ OIS Jilows
» 45 A Ll Qanvier, 1987;Lesh ét al., 1987) (bl 5o s gla sl by bl 5 Jils

G52k s Al slacamdge 5 bl (6 p sl (oIS ez - O SUS Gle bl o bS5 aex S

.:;QJ‘,.;L[:»WA;_Lic_tz}r:ad&_\ﬁl;{éﬁflgdlJ«j:wAJ;ui))A{ng;d}gabd\ﬁldu;ﬁ:j.km,é)}é?\;@bJ:b-t{‘
2, Paired Samples t-test
3, Independent Samples t-test



Yoo —-YV¢ 6\.&4;&.».0 Apl &L_ge Ula.f-’v NEeo QL‘L.JU K] JL&! «J_}‘ a‘)l.«.& g(..n;,iw 0795 1 g% S MUﬁ ‘5\.&‘)1&‘3:.% Y1¢

gm,udu6\)};Lgmjl,um\)“,\;umg:ﬁ@lj;mdmj?pgﬁ)ta-w\.;)l;,\;l:w;g)m&j
Crl Bl Olaas (bl a3 51 S s b (sl Sy altenz 55 8 .l e 35 (NCTM) IS ol SLsL
alsl 53 5 A5 Al 5 s s sl s Laly alal b gzl sl b do s 53 (ol la (5510
il 250 5 Sl anlllae s s Olaasiie o daw 5 el sl Sl UL 5 oly i 5 &S 6 Sokes
B 5o L Lol s g SLasG s e 5 Slasloms ()l 58 el Gl 3550 2L Slles (izman (23 8 13
(s oslize ladst

Cond g 31 (6 Jhe G Tad L 50l 351 5 0l 1) 20 o st L alts 1(oDIS/ s 35) il 4o
25k

Bl Gl i ladie dSle) (6 mas Jde b i S5 1o 503 L ol pos altes Olos 1((5 3 3008) © 450
el ol &S50 (5,8 o3I @SS (gl pin KL s

U3sel mils sy o a4 55 b 5 ol (oaia B i glaal) Ol Sl o s ol 51 il
s 58 (sl L x5 5 andin 5 e el glsime Slaos s 53 (Ssls 55b & Bl (ol s (ki
ol od IS &y 4 aline Ol @811 4 e e 5 aliene IS o0 Ol a4 il e s | b 4S5
Sodke b Olyws 5l K o 5 s 5 Kiash Ja..ujjl.aéwl.éd)\.lfaﬁ Sl oo b e laslssal b glas
Jsb 53 Slam il Sheslinal 558 el b ol 55) oL Ul plnl Jite &)y 4 o515 o)) b3S

33 B TS
oL e oi g a3 4 3y (o] £ gome 53) iz 53 YV Jols a L i Oe3l K iy iyl
Ay e O ) (Wi V) (5S35 awtin 5 (i V) bacns ((altes V) slael i > b
Sla e LI W Slpl (b s s Salie plaisl g 0 Wl OGSl lsee Sl i 55
23 S s pole slds 5 oINS laaseud 5 4y, Sa slaely slaas e 5l 58 J 28 OSGl u= U Saltlie
3 8es 3 sl oS A plnil OF Hshieay J 28 nl (Sl lacailsnly 5 ol pas Jold) (5 s asens
2 ol SOl & & 058 03ls ol (55 Blis 53 WIS dlies LS g5 4 Bitas O350l 2005

s Ol

It bl 2l
5 ol Sl iy ke i slasl 18w b ol b dlieaz 55 VY (e ala) el Sl
Lol e s b b Blass o goed LOT .S o) o gl alac gt 5 oIl o555 4 205b O s 51,4 5o
Whawse 35555k bl 5 L35 b 1 2ia b s slaal 0l pel 2ils sy s b 0T il 5 00!
D501 cSo3e atlss 5ol Sl cmman A il slal by 5 Bles S shasle 53 S S
BB 5 b ferdl sty 505 B A Ll (g ool @sa 51 0l) 550l 2013 V0 (655 2 skl o) s

T0be) 5 dtes S B e Blas 5 bs el sis a8 58 5158 Ol gl 2ls 358 s Jilas 05



ARY:]

O, e 5 03138 5 / 0 ol Siils (gl 4 (sl Koml oy goun by AR o3 slateli i 51 (5 &)

sl soe coale 5 () Q~)4J\§j>6)li§ojgy4;,-‘,3lg‘&l.ll.;u@)&y.w\wbdzﬁé&gé\ﬂ@>

Ao alinl bl e sl bl b i aclone (FLis S WT ale) ey abl il (as0 5l
wujgd).lﬂbd\ali)ﬁb) fﬁbm&:"‘b"‘}:g}i&“‘)j‘b“w};@)ﬁ ,la.sz Lhcwli LS)‘JgaJM

j)wéﬁ\‘,}‘ Q\ﬂ MJ:..W:J&L@ aJ.aJ}CJ; O g0 Jﬁb:jg;:ucjb.r eS| JJ‘}AJJ A (:l;u\ (.LZ)\

el 515 VU UL dasOLEs 6 55 doys 40 (VU gl (108 as 3 b

Fran[ ] 50i8 Cand g (ol b lg o F e >

N
Coad @ a5 E3A 0j9 @ 035 Fu2 G5 Wi S Lo

S (o §)l > Olag e YO
2500 jW Sl a5 A 4 Snes SO 005 ey gl

Fpan [ ] Casd Gy i b aly (0 F pah 2

Sl o5 g 53 odd b las 51 (gl S 305 ) S

-
M

-————————

r - o
st 5l Glojle 4 g0 |
| OLonpkeldecaine |

Wb o !

- e ———

Olegi Ogakue i Olejlu ool @ o &5 50 SJ80 AW
legs opekee [ ] Wt I

YA

BN 45 03 )5 el 103 aalijy, SO i
Olejlw S5 4 Sdgd (pages
Oleg (gakes Bee a3 12 50
Wb (0 Ty ! 38!

Oleyi Oaale i Olejlu pl @ Sl & 50 SIS AW
Olegd Ogalee [ Tl o !

slael 055 53 ok > b filuws 5 (gl €505 Y S




Yoo —-YV¢ 6\.&4;53..0 Apl Jlﬁ Ula'ﬁv NEeo QL‘L..JU K )Lg..t gJ_}‘ eJL«J “..n;.iu 0795 1 g% S MUj. 6\.&&3}; Y\

i by i cald Slald g C W B cab el
R - saifen b ey ]

b 4 WA

R IR T IRY AR ATLIATE Q'J)&ﬂ,l.;a\..fi”ww
O g Ll ol Gams ooy YO alS w o wan ool y0
R ot g oo Lot ol A 8 as W &l S
logi Yisesfone
wis 6 6

[ ES W IR £}

T 310y ol Sy i (50 Slald 5 o8 W B cob led

T 9510 4

il 0555 53 0dd b flaw I (gl 4403 ¥ S

051 sl rt Sl
A Gl edd b aliaz 55 YV Ola 5 plnil Sual NI a6l 6o pa 5 635 S son Os05T 1)
55 i 4 5 () i 5 asend LB s altes VY &S Gl S 1 4 e VY el glas gaze S 5e5
el gl s abl bl B S s alis S oSl e A4S L] () (§ sl aed B
VI 4 gazes 53 pzmen Al S Sl alies (ol (Sl JIB 2 S el alal o) pon
S B b axdls 5 pa> (6,Seslbl 5 avwdin 5 e oldel) ol g 055 4w o A3 3 el 05 ja
Q)ya_,g:yﬂﬁé\ﬁoyﬂqﬁsﬁJSLMAS\)M.,.;JScw\ﬁ()ﬁ.‘e\.:ﬁﬁ\;f\wc)byﬁjlwb
S S o I 611 3 51 (B0 3 55 516 Con 5 GIIY om0 il 6l ) A s sl
Sy glad ja )y st (gade Lg\A'CNL; Q\)'}JJJ\: A el azds s Q}»ﬂfq&jf'cwa Ol Code 555
lagely a3l OLL 31 e 3 Sle OUT (gl Ol pdle 31 oslinal 5 W3 S o b Ul 2 05 el S
b s (5180 105 5 ooy (L] el )8 Sa b (5l m3) po3 oomeae SO 5 Sty Jan gy s ) sboa

Al el ase e LG s S

J?deﬁ...a'f\ 6\.&“;2} Y Jod

s Shoms (SIS slaw) bW e oo la alws S yes 035>
(sl slaw)

A v ¢ S S5 S+ Oy sk

Y ¥\ 6 ol i

) v a Jge il

\ ¥ VY Gl gls als e

Y YA 1 ;N

! ™ W 4 o gy

Y YV YA CAPEEr Y




v O, e 5 03138 5 / 0 ol Siils (gl 4 (sl Koml oy goun by AR o3 slateli i 51 (5 &)

Y YA Y s Ol

) YY 1 sl s

Y Y. v Cond s

Y % A FRERCR T e
Y Y e ebie Joe

) Ve 10 sl

Y Yv Yo e sls Sy

Y Yr ) A 53

Y Y Y e B e

Y Y N ol 53 i3

Y YA Y ol sl 3685 e
Y YA Ve s BBl sla il s
¢ oy Y M s

) Yo 14 SS Lt

A (oo b daax g o S T |yl
Faaiiles Ve Sl 4y Syl (5la UKD (sl (5 dan
D55 P yeatile ¥ el L (9,8 yreatilu Ve g Jgbo
Slul bl uls” >1)b wlie gl 4> Jblgs o gl 1 oijle
Fraialos A 3 36 yraniilon Yo g Job yraniil Yo )

(X SsYe “j Aob Al gl
A ,o\' ).sY
2y Jaf du b dulin 50 £33 OIS 4ua > 2l N Jaf du b dulie 50 pad IS 4o >
ot 33 — oot 723

SaS 1Nl 5 Awdir o) 9 o b Pl 5l 4 f 1SS

Jsl o gt g ll ablis ulul p fag3 5o RICRUIICK g S PRES

oy Sl &GJZ&
YY/e Ye sl ol s
Ayl g Jsl e gie O s

Voo Y JS@}




Yoo —-YV¢ J\AW Apl &L_ge Ula.i NEeo QL‘L.JU K] JL&! «J_}‘ a‘)l.«.& gv.n;,iw 0795 1 g% S MUﬁ ‘5\.&‘):.&‘3:.% YA

Laadl

Sl ks o ol ol Sl 55 4 oy 3 oS Alis Condge i alie bl sl el
A3l oo 55 Sl ks S VL Il das gt 5 bl 01550l 2305 Ole 3 (1 58
03 Jlsbias GHE L (5050 4 o5 led3l 3l IS altes Cox g i S 313 0L ()b Jow ol
oSl 355 e edalin Y Jsdr 55 45 450k .l ol pen Sl S Blew > 3 Ol 20 5 Shes
AV ey B b 0 (6 gea a5 3 (s 5 S 3] gl giome 03 52 a3 O3 sl Sl Sl
(t==0/80) ol Slabis (olel 5 51 sl cpl 48 sls OLEs 0 Ui 3l st O el B Sy oS
e 23l g8 53 Ol o O (Sieed s 2 o nl 2 03330 (PRO/05 (ol Ci=—2/233L ci=—4/70
bl b Bl 53 Ol el 5505 5 Shas (o sSne alasly odiasOlis oS «(p = 0.012 & = —0.32) 35 Jlslixs
(ol 1)) dog folpds oo 5 B o 48 (Lls &8 ol OF S0l 4Bl ol ol (6 250 5 Ao 5

s gl ol 5 Shas gl
5 oSbe (i ) ol o553 53 5l OLE 1) a5 JB amld Jeass shaie jate elil p eosls s
OLES ol 35 YATY 5 VU0 (5 g e 53 5 TV 510/10 55 4 o st les Sl pes lns Gl
£ 55 om D8 5 il g 3 Ses S ppas Bl b sobay 05 sl o)y Ol gel 5ils oS das e
o 5 S pms Sile il e st 533 53 (o p30/A00 S0le ) 3 St alade nl 53 ledsl
s 55 wdaie el 53 4 8155 YYVE Jlans Sl L VE/OA (553 gos e 5 YAYY Slime Gl il L)Y/
(o o3 YNAL :80ke Sosli) 350 bl 6,55 31 a8 oledsh £ 33 sl Ll izl (¢ e 5 Shas (6 52
sbias ladsl (B 93 a3 whade 53 o 3 Shes Ol oS 303 0L (0) ojlad Jpdr 51 Harea £ 003l
(P<O.05 ¢ t=V/88) 16 3l Lias ¢ B==Y/AAY & o 5§ osy) ol
QU}ATUZB G G Sy 3 SNee o s Jlew 5 aaugte 6,95 Q\)'yl,;:jl: S ol ol )-<{.’ 4 a8l
o el YL e o e Son UlS s Gl slales iy s 4ol dleal 4 oS il ol ey o
b (5 s S5 51 L il e S a3 OLES (5 g 3 ke il 0593 Ol pol 2313 (5 s Jilon 53 ¢ Jolie

L el 53 SU5 Bl 4 S Sadls 5 S8

Sppd 4 o § 5 NS Alis S o i U A lie bl Lo e s s

SRy o5 PP R
Dl Sl il Sl s GBIl Sl 2l NS il
0/Y+ $7a\ 0/t4 VeV slael o) s 5Ll
14y VoV 0/tA VY/EY ol o5 5Ll

£/4¢ A 0/YA 'Y Awld o) g )L:Lu\




Y14 O, e 5 03138 5 / 0 ol Siils (gl 4 (sl Koml oy goun by AR o3 slateli i 51 (5 &)

@lson glaej s plul  Jdos
52 OSUS alsms b 035 Sas b (g sl pladsh adaly Sl Sl cnl IS laasily 51 (S
ol slite ol gt 03 g 4w L3 (Golalme ssb a4 (s oLl LSl a8 ls OLES beesls ke o
Gl VWV (g sl By 53 5 0/88 s Ol VW ho 55 gy 53 Dl el ke wldsl o) 5= 53
£/0 Sl Bl g5 polem a5 LB Sl boslael oo 53 (6 0 sad oledl aS das o 0L (pl 550 0/Y 1 lias
5 (Gdde mﬁuﬂﬁﬁjsl{wlirﬁwﬂ}LAéMsy OLES amly pl S sdalie O ol &:.QL:,«): A=l
Al ol es ol Ollee

VAT las Gl V0/V) (6 o sead 5 (O/EA hlns Gl sl VY/EY) s 5 il el (S0l s o35> 3
Sehe andin 035 4 Sl 5 1S 3ldel 0j s a4 Cond 45 ol Al YIYO 030 ol 3 LSl gl s
(el s SE 5 Slanslie Lailgy S a3l oS il S Jiles 15 Sty 5 30 Ll e cnl e
Sl o3 opl 53 A sdalie (6 Sl awdin o35 3 S sl 2ol b bas e Sle sl o 2t
(U157 by Sl o5 am 3155 (8/88 e Gl 551N (6 0 gead 5 O/FA il Ol i VYY) oo 5 ol ja
b3l 53 Dlied (gl w53 S Hlae Sl 4 a5 L Ll ezl Slasl og s 51 xS (gde LS
52l Glpen ks Plas (g = plad Coale b ail pl Gl ey SO ESG o5 opl 53 (s
Saanl JU .ol ol jen bag Soslll 5 olad Ly, Sys 3 V0 s Sles b (g sl sladsl a5 das o 0LLS
25wt ol G Sl 53 Olg o 1 s )
Bl J 55 15 Ol sl 2ils 3 Shee (5lsban Hsb 4§ sl & o s 5 IS Bles gLl i (A
i 0 e AL
el o> 0L o8 ol o sta 0553 51 5 Kt Ml 0553 53 (658 L3l L ad e s Shes sl (o
ol Foml o 03 S SE M
delin 53 80l Sl o i el sl ol stme OSU S oo 53 3 Shes b (6 g a3l el (2
S edaline Laind 53 Sl oy aS 5 slel 3 Jagie sl (5 S eIl
> Shee iy e akasOlis & ol o5 lon 51 S e goe (6 s oo 3 Sl e e Sl (5

ol 6 g Sl b 30bss 53 Ol3sel Rl

e a5 i3k g5 el g O gl S5 5 Shas amslin (5l (55bT (5L s5T b .0 Jsux

t df P 95% ClI S a3l dus i
(Cohen’s d)
—-0/4+ 04 /o> —§/Ve =Y/YY /v e 2l e 2lisl
(55 ises JS)
—Y/AY OA V0> —a/08-Y/AN Ve o ge ol 53 ol alade
(Lo 55 45en)
Y/88) oA Veo> Y84 /¥ Aty o gl 53 el i

(G psas a52nd)




Yoo —-YV¢ J\AW Apl &L_ge Ula.i NEeo QL‘L.JU K] JL&! «J_}‘ a‘)l.«.& gv.n;,iw 0795 1 g% S MUﬁ ‘5\.&‘):.&‘3:.% YV

W1 sbar 253t a0 sesl plsmmn 035 o 53 plaiil g mlil o Shas Sl 538 )2 L2
S 0ker (sl 0l €11\ Jgd s = Ad drlos CONN’s d Sl osbinal L 31 o311 5 A plonil o35> 8 (510
Iy 38 55 als sy ) a3 ladsl SR Sobsbae gl 58 0 odalin | ol js &S
Srpds 2leiib b gode ilas 53 01550l 505 das o 0L 45 (S5 310=0.85) ool slusl o) 5= 4 by o il
e 0352 53 5 «(0=0.52)) 55 S5 4 Jamsgze S o3Il (g S5l 5 s 055 53 dmdls g (95 Shas
(d=0.51) wi sdalive Lo gt Sl o500

g;ll.m}b &j; JL.,IJ,:@[,:;..« 0y 9> A 4 :).ila.ﬁ 4-.‘._;.\.3.& A JJJ.>

ol Colaen’s p t Sl Ol o Ske olst ol s
oSk Sl Slrs
ofss ofs 4 VWY asy slasl
tlos fIAs <oy e ofy+ ofY+ VY s
ol ¢A ol ¢A VyY/ey R [PRCI:
AL ooy <oy PN /ey ey VoIV (g g
0/YA 0/YA \Y o P 9 dwda
LSJ:§°)U-"
e +/0Y Sa/ee) o —g/eY £/4¢ £/4¢ " S 3o

S e 9 S
Sisal il 3, 80es (g lie 53 o) (IS Jils ladsl 50 0 ) Sta L iass ol
Ul e s st U (65 50 & o 55 ) ks Cnd g h S 515 0L el sy (slaasly A5 ol
Boonen, van Wesel, ¢ Azizi dolatafhn & et al.2019) .. s 55 s o oby?u;u\; i |~
Sy 53 &S IS s fass 53 .l s (LiN, Wilson & Cheng ,2013¢ Jolles, & van der Schoot,2017
Bl a5 SldS sl eslinad oS 54l e lesl i S rl?,_;\ L;Lau:,.mj}éo\)'yh;.jl: s Ses g dﬁﬂjt
,2015¢Boonen, van Wesel, Jolles, & van der Schoot,2014) s 1s &l el L2l 5 Shes 5 e 56 Lol (DS
o A SG Ll e e oLl 5 IS Sl 5l sk 5 eslixad (Fuchs, Fuchs, Compton, Hamlett, & Wang
LBl 4251 (6 s & o 5 ) At Conds LSl et sy St enl ply 5 Ol el R0 3 Shes 55,
ol ol s oLl el sl YD) O 5 S 5 andllas o] .(Fuchs et al ,2015<Boonen et al,2014l)
‘ﬁj}’: w\eu\aiwbb@bfu.LJ:L&A4&-)3JJL;Lhwjib&uﬂjhéﬁj@'wdbgﬂbﬂjﬂajﬁ\

Rl (romen .(Hoogland,2016) sls ,I 3 4> & Syg0 9 deslie i Gla a5 L OIS e, ;)TJ;U NEPTRFWIN



WA O, e 5 03138 5 / 0 ol Siils (gl 4 (sl Koml oy goun by AR o3 slateli i 51 (5 &)

ol VU Ul o sma 51 ol O3 sl 505 Ols 53 by (5 pmas Flos Sl S0k oS iz s OLES Laasily
ol 03 Sl Il o gze 5 oliml Ol sel L2505 Ols 3 s 5 el . Slio Lol

5345 313 0l s el OSUSS algme slaessm 3 sl bl b sl GRassy nl eee 4l
G basl ool g s el 555 55 et sk 4 gl b3l (s S eSlul 5 amdia o] >
Schnotz et « Hoogland et al,2016) 5 1> Jlseen (Y0) ) OLan 5 gl 5 (FV) O Kas 5 adS 5a
s 4 s oLl 4S5 S e e Pl 6 - ol Coale 55 015 e 1y el pl s .(@l,2010
S o Sobem il a3 dde i la ) s

S w3l Pl ol 15 Sy 5 6 KI5 0 o 5 S T et pladsl b s g
g5 ol o3 les S o)Ll (Y1) OhlSas 5 2l 50 o5 €5 00a ol JS b oS Sy gl a3l ol 50
4l b el ol L e e IS o3 K0S (s el K (5 e bl 5 e Jke il
o357 53 LS oo IVaal el 5,50 g s wey cpl 55 il gead (Y01 0) O 5 st Oladlles (sla
bl S8 3s ) B8 3050 O 53 el ey S a3 5 Slewles Il a3 3 bk Jd olael
Hoogland et ) sl ol b amdse Jhe ctle 3 alins o Cggn 00 a5 LB SWS (6500 Uikas
D3l s ol 4 5 LB 55 Joas alae 53 53 01350l 5505 3 Shes 5lis (Schnotz et al, 2010 «al,2016
"Gt SE g g oS il e 455 e as0liS WIS e &5 Lo e i Sl 2l Ol bl e
Wiy s a0 Yol oS iy (520 3 Shee i Blon 3 a0 53 Ol3sal S50 ¢ blie 53 A3k sl
el e Rl SUlE s L5 slas e

St slod 3l 51 051 ste ealizal a)ls Slsls 53 pld il 5 25sel dlse b Sl e alabely Laasily o
Jrosly 51l o0l Oledee opimman Ak elian g alis o 5 (,:S0k b ol (S (S50 5 o
sl oS8T L alie 5 andin (55500 55 550 (6 s Slaalad il

o3 93 (S S % gas sy 3healizal 5yt O gel [E5 4 4 ped 03 3 sdee Jold Eash cpl (Sacys sdoes
S 5 alas Lile AS Gl iy 5 e 5 S n glaape Sl eslina b asls S iasy .l
o 9 el oS Jelse aan GLalid Sl A58 1 SGees 1y s o plaiil b S5e Jelse iy
2S5 Olllas Gl Sl efsa Sl Grae gl sl pme S slatas bl Lasls (g e e iy
Sl STl iass 6lr s o) Bl5 gr cnlply sl oS ol (ol S50 4 (5o 2l e 3L
SRss V,.:.ﬂ‘\ FUEEE P RV_pN V.L_T\Y)&qujl{wja L;LAV.:.J:\J;G 03 55 05 g2l (85 gl slacys s
5 Slal paras ax S1aS ohan blasl 1 pls Ol el s alie Ll o 5 ol (5051 2 sl
(oed XS o mi bod as o ) ot ol e I3 (solpds 1 S35l e gl el 53 4 bl s
Ju s osbiellealy wslll) WlB)lS slas e Plewzs LS DL s olsds ool ol
a sk bl T 6olpds bl U o sl Olas diile) ot oS omiaillss sla el & g (Olanasize
Sl gl 31 el slad s 0315 Sl oz b Sl eslinad b w3l oo il slatagy (ralimdlse



Yoo —-YV¢ ‘5\.&&5.0 ARl &L_gv Ula.i NEeo QL‘J—JU K] JL&! «d_}‘ G‘)lA.:' gv.n}iw 0795 1 g% S MUﬁ ‘5\.&‘)1&‘3:.% YVY

References

Azizi Mahmoodabad, M., Liaghatdar, M. J., & Oreyzi, H. R. (2019). Investigating the effectiveness of
teaching visual representations on students' ability to solve mathematical word problems. Curriculum
Research, Iranian Association for Curriculum Studies, 9(2), 200-220. [Persian]

Beaumont, E. S., Mudd, P., Turner, I. J., & Barnes, K. (2017). Cetacean frustration: The representation of
whales and dolphins in picture books for young children. Early Childhood Education Journal, 45(4), 545—
551.

Boonen, A. J. H., van Wesel, F., Jolles, J., & van der Schoot, M. (2014). The role of visual representation
type, spatial ability, and reading comprehension in word problem solving: An item-level analysis in
elementary school children. International Journal of Educational Research, 68, 15-26.
https://doi.org/10.1016/j.ijer.2014.08.001

Crisp, V., & Sweiry, E. (2006). Can a picture ruin a thousand words? The effects of visual resources in
exam questions. Educational Research, 48(2), 139-154.

DeWindt-King, A. M., & Goldin, G. A. (2003). Children's visual imagery: Aspects of cognitive
representation in solving problems with fractions. Mediterranean Journal for Research in Mathematics
Education, 2(1), 1-42.

Diezmann, C. M., & English, L. D. (2001). Promoting the use of diagrams as tools for thinking. In A. A.
Cuoco & F. R. Curcio (Eds.), The role of representation in school mathematics (pp. 77-89). National
Council of Teachers of Mathematics.

Elia, 1., & Philippou, G. (2004). The functions of pictures in problem solving. In M. J. Hgines & A. B.
Fuglestad (Eds.), Proceedings of the 28th Conference of the International Group for the Psychology of
Mathematics Education (Vol. 2, pp. 327-334). Bergen University College.

Freudenthal, H. (1973). Mathematics as an educational task. Reidel.

Fuchs, L. S., Fuchs, D., Compton, D. L., Hamlett, C. L., & Wang, A. Y. (2015). Is word-problem solving
a form of text comprehension? Scientific Studies of Reading, 19(3), 204-223.
https://doi.org/10.1080/10888438.2015.1005745

Gravemeijer, K. (1994). Developing realistic mathematics education. CD-p Press / Freudenthal Institute.
Gravemeijer, K. (1999). How emergent models may foster the constitution of formal mathematics.
Mathematical Thinking and Learning, 1(2), 155-177. https://doi.org/10.1207/s15327833mtl0102_4
Gravemeijer, K. (2004). Local instruction theories as means of support for teachers in reform mathematics
education. Mathematical Thinking and Learning, 6(2), 105-128.
https://doi.org/10.1207/s15327833mtl0602_3

Haghverdi, M. (2014). Characteristics of mathematical word problems in middle school and strategies for
facilitating the process of solving them. Theory and Practice in Curriculum, Iranian Association for
Curriculum Studies, 3, 25-46. [Persian]

Haghverdi, M., & Gooya, Z. (2010). The effect of using the draw-a-picture strategy on solving
mathematical word problems. Theory and Practice in Curriculum, Iranian Association for Curriculum
Studies, 14, 261-294. [Persian]

Haghverdi, M., & Wiest, L. R. (2016). The effect of contextual and conceptual rewording on mathematical
problem-solving performance. The Mathematics Educator, 25(1), 56-73.

Hegarty, M., & Kozhevnikov, M. (1999). Types of visual-spatial representations and mathematical problem
solving. Journal of Educational Psychology, 91(4), 684-689. https://doi.org/10.1037/0022-0663.91.4.684
Hoogland, K. (2016). Images of numeracy: Investigating effects of visual representations of problem
situations in contextual mathematical problem solving (Doctoral dissertation). Eindhoven University of
Technology.

Hoogland, K., Pepin, B., Bakker, A., de Koning, J., & Gravemeijer, K. (2016). Representing contextual
mathematical problems in descriptive or depictive form: Design of an instrument and validation of its uses.
Studies in Educational Evaluation, 50, 22-32. https://doi.org/10.1016/j.stueduc.2016.06.005

Hoogland, K., & Pepin, B. (2017). The intricacies of assessing numeracy: Investigating alternatives to word
problems. Adults Learning Mathematics: An International Journal, 11(2), 14-26.

Janvier, C. (1987). Problems of representation in the teaching and learning of mathematics. Lawrence
Erlbaum Associates.

Kilpatrick, J. (1996). Introduction to section 1: Curriculum, goals, contents, resources. In A. J. Bishop, K.
Clements, C. Keitel, J. Kilpatrick, & C. Laborde (Eds.), International handbook of mathematics education
(pp. 7-9). Kluwer.

Lesh, R., Post, T., & Beher, 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). Lawrence Erlbaum Associates.



https://doi.org/10.1016/j.ijer.2014.08.001
https://doi.org/10.1080/10888438.2015.1005745
https://doi.org/10.1207/s15327833mtl0102_4
https://doi.org/10.1207/s15327833mtl0602_3
https://doi.org/10.1037/0022-0663.91.4.684
https://doi.org/10.1016/j.stueduc.2016.06.005

YV OyKan 5 03138 5 / 0 gl j2ils (g 4 (gla Kaald S ow b (AKENS wys ladsl y i 51 (5 58

Lin, Y. H., Wilson, M., & Cheng, C. L. (2013). An investigation of the nature of the influences of item
stem and option representation on student responses to a mathematics test. European Journal of Psychology
of Education, 28(4), 1141-1161.

Madison, B. L., & Steen, L. A. (2008). Calculation vs. context: Quantitative literacy and its implications
for teacher education. Mathematical Association of America.

Noori Afshar, M., Haghverdi, M., & Komijani, A. (2017). Multiple representations in education: A
reflection of real experiences. New Approach in Educational Administration Quarterly, 8(3), Serial No. 31,
Autumn 2017. [Persian]

OECD. (1999). PISA mathematics framework. OECD.

PIAAC Numeracy Expert Group. (2009). PIAAC numeracy: A conceptual framework. OECD.
https://doi.org/10.1787/220337421165

Rasmussen, C., & Bisanz, J. (2005). Representation and working memory in early arithmetic. Journal of
Experimental Child Psychology, 91(2), 137-157. https://doi.org/10.1016/j.jecp.2005.01.004

Schnotz, W., Baadte, C., Miller, A., & Rasch, R. (2010). Creative thinking and problem solving with
depictive and descriptive representations. In L. Verschaffel, E. De Corte, T. de Jong, & J. Elen (Eds.), Use
of representations in reasoning and problem solving: Analysis and improvement (pp. 11-35). Routledge.
Seufert, T., Janen, 1., & Brunken, R. (2007). The impact of intrinsic cognitive load on the effectiveness of
graphical help for coherence formation. Computers in Human Behavior, 23(3), 1055-1071.

Sigler, L. E. (2002). Fibonacci's Liber Abaci: A translation into modern English of Leonardo Pisano's book
of calculation. Springer.

Sriraman, B., Kaiser, G., & Blomhgj, M. (2006). A brief survey of the state of mathematical modeling
around the world. ZDM — Mathematics Education, 38(3), 212—-213. https://doi.org/10.1007/BF02652805
Toner, P. (2011). Workforce skills and innovation (OECD Education Working Papers). OECD.

Van den Heuvel-Panhuizen, M., & Drijvers, P. (2014). Realistic mathematics education. In S. Lerman (Ed.),
Encyclopedia of mathematics education (pp. 521-525). Springer.

Van Garderen, D. (2006). Spatial visualization, visual imagery, and mathematical problem solving of
students with varying abilities. Journal of Learning Disabilities, 39(6), 496-506.
https://doi.org/10.1177/00222194060390060201

Verschaffel, L., Greer, B., & De Corte, E. (Eds.). (2000). Making sense of word problems. Swets &
Zeitlinger.

Verschaffel, L., Depaepe, F., & Van Dooren, W. (2014). Word problems in mathematics education. In S.
Lerman (Ed.), Encyclopedia of mathematics education (pp. 641-645). Springer.

Verschaffel, L., Schukajlow, S., Star, J., & Van Dooren, W. (2020). Word problems in mathematics
education: A review (M. Haghverdi & M. Roozbahani, Trans.). Roshd-e Amoozesh-e Riazi [Growth of
Mathematics Education], 143, Winter 2024. [Persian]

Zaslavsky, C. (1999). Africa counts: Number and pattern in African cultures. Lawrence Hill.
Zevenbergen, R., & Zevenbergen, K. (2009). The numeracies of boatbuilding: New numeracies shaped by
workplace technologies. International Journal of Science and Mathematics Education, 7(1), 183-206.
https://doi.org/10.1007/s10763-007-9104-9



https://doi.org/10.1787/220337421165
https://doi.org/10.1016/j.jecp.2005.01.004
https://doi.org/10.1007/BF02652805
https://doi.org/10.1177/00222194060390060201
https://doi.org/10.1007/s10763-007-9104-9

-

Yoo —-YV¢ 6‘.&4;&.4 Apl &La A)Lwi'v NEeo Q\J...JU K] )Lg..t gJ_}‘ eJL«J “..n;.'ul.t 0795 1 g% S MUﬁ 6‘.&01.&‘3}; YV




