archives-ouvertes

The strategy matters: Bounded and unbounded number
line estimation in secondary school children
Stefanie Jung, Stephanie Roesch, Elise Klein, Tanja Dackermann, Juergen
Heller, Korbinian Moeller

» To cite this version:

Stefanie Jung, Stephanie Roesch, Elise Klein, Tanja Dackermann, Juergen Heller, et al.. The strategy
matters: Bounded and unbounded number line estimation in secondary school children. Cognitive
Development, Elsevier, 2020, 53, pp.100839. [10.1016/j.cogdev.2019.100839L1 Malshs-029470840

HAL Id: halshs-02947084
https://halshs.archives-ouvertes.fr/halshs-02947084
Submitted on 25 Nov 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la difusion de documents
entifc research documents, whether they are pub- scientifques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://halshs.archives-ouvertes.fr/halshs-02947084
https://hal.archives-ouvertes.fr

Tille Page (Zilh AXlhor Delails)

Title:

The strategy matters:

Bounded and unbounded number line estimation in secondary school children

Stefanie Jung'? Stephanie Roesch’, Elise Klein'?, Tanja Dackermann’,

Juergen Heller', & Korbinian Moeller'??

"Leibniz-Institut fiir Wissensmedien,
SchleichstraBBe 6, 72076 Tuebingen, Germany

2Eberhard Karls University of Tuebingen, Germany
SchleichstraBe 4, 72076 Tuebingen, Germany

3LEAD Graduate School and Research Network,
Eberhard Karls University, Tuebingen

Corresponding author:

Dipl. Log. Stefanie Jung

Leibniz-Institut flr Wissensmedien
SchleichstraBe 6, 72076 Tuebingen, Germany
phone: +49 7071 979-370

email: sjung@iwm-tuebingen.de

Word count: 8086



ACKNOWLEDGEMENTS

Stefanie Jung was supported by the first Leibniz-WissenschaftsCampus Tuebingen “BildXng
Xnd InformallionsXxmZellleny as well as by the German Research Foundation (DFG) providing
funding to Elise Klein (KL 2788/2-1). Elise Klein was supported by the Margarete von-Wrangell
Fellowship (European Social Fund and the Ministry of Science, Research and the Arts Baden-
Wirttemberg). We thank the participating children, their parents and institutions who made

this work possible. We also thank all research assistants for their assistance with data collection.



ManXVcripll (ZilhoXi AXilhor DeliailV)

©CO~NOOOTA~AWNPE

P u$00 183" (

HENE " ()"&"&+ , - ("P&( O , %0*18"23456'7 (81 , %EI("%. (8. (= +(8U/;"+) (<) "%& &< 0L."81."
1$SC<(EUL7 5 (ROLE0S(EF 5 (", % &0+< (. (7. () (E0%0*1821."0$1) " 7+.71) (FOAL'<88( . (&0'0%)B"
=()*18)" $%=(" - ((&"W7 7/ (<%0 %<0 L8~ 1+&< (<"U&<"U" . (0= (/" & (A"+&—1+8< (<" B45"0%)B"
D.(=*1+)")0+<* ()", W&/ %)) O)(<"7.4, %.;")9B 1L/ 9BH/<. (&"1."h<+10)")SLA&"0$%0" 05 () (" 0%)B)"
<H8(.&0(. , )" 186" ()0, H0*L& %99+ %9 " H&<") L/+0*1&")0.%0( ()" ( , 7/1; (<"%)" A/ %)" 6" AXS$"
Q79001 0SC." . (01801 L0$(."~%)*9"&+ , (FOUEN.0S , (0*9")BHI)"FL 8. E"<o0%'8. 1 , ") (91&<%h. ;"
)O$L1/9%Y/<. (&%, (") 9.9 ('BL."~ 1 +&< (<"BA5%&<"(= (&' &L"<U0H™) %= /%o—/ ("81."+8&~ 1 +&< (<"345"
G AC %) Q) (" —L1+8<(<" %&<" +8-1+8<(<" 345" 8" ™ U< (" I(=(/)" H' 01" 1" 01" (=U/+%0(" %"
<(=@17 , (80H"%)" ACII"%)")0.%0( " *9"*&8/+ (&I ()i %&<"-6 0B (". (/%018 18"~ 1 +&< (<"h&<"+8&-1+&< (<"
345'7(.81. , U&I("ANS"-%)*9"%.0$ , (0°9")BHI)' I+.". ) +0)")SLA0SH'I$H<. (&"( . 7/1; (K0$(+) ("
18'<88(. (80") L/+0"1&")0.%0( "*()"8L." = 1+8< (<" ('7. 171.018K+< " ( , (806" h&<"+8—1+&<(<"P>(H"
L 0" &0+< (KO0, h0-18&" —%) (<6" 345" M1.(1=(.i" 1&/;" 81." ~1+&<(<" 345" ()0, %0*1&" %99+.%9;"
9. (%) (<" A0S %" (" 2+.08(. , 1.(" Q0 , %0*1&" 7(.81. , %&I("81." ~1+&< (<" —+0" &10" +&-1+&< (<"
345" A)")0. 18" /;"%)) L9H0(<" A0S" —%)*9"%.50% , (09" < <0*1&1")+—0.90*L&L" , +/0*7 /900 1 &' %&<"
<H=H18E! T+ "FE<E ") R IO 0SU0" 0B ("< B8 (. (&I . ()+10)"8L. "~ 1 +&< (<" &< +&~ 1+&< (<" 345"
1-0H&(<"&" 7.4, %.3")9$L L/ 9%<. (&) (( , "01" " (&(UNC 01" 1/<(.") (91&<%. ;")9$11/ 9%¥/<. (&"
D.()(&O(<" . ()+0)" )+-)0%&0%//;" 91&0.~+0(" 01" 0$(" B&LA/(<™ (" %-1+0" 0$(" 2918&) (9+0*=(6"

<(=@/17 , (80"18")BH/)"7 (OW&H& ™ "01"- 1+&< (<" U&<"+&~1+&< (<"&+ , - ("I&(" OO , %0*1&"



©CO~NOOOTA~AWNPE

)*<$%+ , —&$)+>"(

HSYO&™ (" ™" T 2% A/ WHL2Y (P47, /"5 &6/ )T ST, /4 856,T.)
TT/(Q+:"-/"5H ("% T H-$O" 28" (M (% +T™™," " <'Q")6'S, " 94T -/ (/& T HS%" (T.)!
), HL-$9M S 0S50S T) /896" +- /4% (7. ), =), -5 (/$: 57595/ /9:2(. 9/ + . ))Bi"
HL2 (4 Yo AL +8T (U (%o AT /4 U HSURI + Y08 ()4 2%+ = &S $+9 '
FBIO&™ (T4 2% ./ +,- (1. 49" OB/ /U B THTH$Y6&" (. +1 072 B/ 'CBB3*,"-687.))6"
(BTGB MY YIS )T DT T D" BT T BT G068 ()L +9" . "% D%
>.)8" BT (B QAT E L (KT8, L (T (CFS(T O/ %5, 8B
DT B0 (107G 1) (1L +O"HBA" (" 1BB IS J/%8 . ("9"-/"5 . -(HS V HEUEH'#12'8" (4/ (%.+T""
5. & L,,T,, 9T, RS B &S 00/ (M 49" /(T (TT ) 0%z 3754 K L) 4T
N/)95.%%" (I'1BCCILH+=I'P$&" ("#$™ (='K'Q/ ™))" (M BCRI'S ™+ (P (-%. ++IP$&" ('K'Q/ ™))" (I
IBCTS -5 "' $+&/$+9" 9'H12"- ., ='-5 " +$I6&" ()+7"5. ,"+/"). &))" 9" " +OB/H+-{'&$-"." *+1) """
O, T D" I BICE . QO+ /5" - (VB -G (4 U/ %™, $H9F - T (2 T+ E%E ("

5.>""-/"&"")/7.-"9"$8/+"-5"" 15> """

L/$+979" +9"$+&/$+979'HI2"-,=,"5 >"" & "+'$, 9" "HOT /(" /"I(. < T/+T)$,*/+," W/ %'
- BT (Yo AT 415D ()6 1 Y. +-FOT(PB(7, -+ +Q™-, 97> /8% 0" U/ (1
8/$+9" Q" #L2"L(-7) -1 1$7 .+ ") E* . W.I"W"5.. "+ K" X/ (V" 1BCBI' L//-5" K" G** 1) (i" 1 BBY"
1BBZI" 28" (,&. 75" 1$<")i" K" [*(,75.4")i" 1BC\I'G* 1) (" K" L//-5¢" 1BBRI"G*" 1) (" K" H84" (" 1BBIV'
25/%8,/+" K"H84" (" YBCBI'1/$+:"K"L//-51" 1BONI"™; 2 "4/ (" $+8/$+9" 9" #120" I/5™+"K"L) . +Tl
N/)95.96%" (" 1BCCI" 1+=i" P$&™ (™" )" 1BCRY, P/ <">" (I'-5""-</"-. =, <" (""4/ $+9"-/" Q4™ ("*+'
(%, 45T NS (T 8)/67 9N T+ 9T (BT, L (T (AT T8 e T
J/5"+'K'L).+THN/)95. %% ("1 BCCI /5™ +"K'G. (+77=. 1" YBCRI' 1 +="P$&" (""" )" 1BCR 3". +9"%"

S, /T +<EY5 (& T % (M) <) L (D% T, =), U (MLY% T - L+ )6,



©CO~NOOOTA~AWNPE

FI$&.(<(."(OWH'PQIRG'ML. (% , 71.0%80/;1'< Q7 0('&+ o (.1+)")0+< ()" (U0&""7 5 , .4 ;"- 1+&< (<"
345"01"108(."-%)'9"&+ , (O %&<"%.0$ , (0:9")BHN)I"0S("=U)0" , %L1.%0;"18"0$() (")0+<*()"819+) (<"
C0$(."18"; 1+&""9%<. (&"8.1 , "B*&<(. "%.0(&"01"0$ (" (&<"18'7.* , %.;")9$L1/"2(> "4*&Bi"3+(.BY" (0"
Wh"PQIST'ML /(. (0"%h1"PQQUIFISE (< (." (0'A"PQ Y ITVS+" (0AE"PQY 16"1."h<+10)"IW (*& (0" X+~ (i
3+BIY"ML(/CIPQ IFPQIHGFL'8. /0S5 (%" (".%&." (*&K—(OA( (&> (i) (918<%. ;)9S 1 1/'9%/<. (&6"
$0)" 5. " (/3" - ((&"&( " /(90(<"BL." - 1+&< (<"345" 21 " +&~1+&< (<" B451"0$ (. ("*)")04/"&1" ( , 7*.*9%/"
<UH0%" 940" OA/1"8. 1, ") (9L &<, ;" )OS LI OBH/<. (& #.+9hI/; " 91 &)< (UOHL&" 18" . (/h0*=(/;" &%.. LA %" ("

& O"N0.1& /3", 10)" " (& %)0HO( , (&0)"1&'0S('<(=(/L7 . (&0"18'&+ , —(.". (7. () (&O%0*1&"

Z&II 0$(Il 9+..(&0I| )0+<;@Il A(ll %*’ (<|l %OII %<<-())*&'Il 0$*)Il '%7” _;ll *&:()0*'%0*&." _1+&<(<Il %&<ll
+8-1+&< (<" 345"4&" ) (91&<%. ;" )9$1L/" 9%/<. (& 250" HS 01" 1% = tp< (L)6" 01" (=UH/+%0(" — 108" %46"
<(=017 , (BON"ISUE " () &'&)H , —H"$'=. #/-.0'- ')/ -*E10'H) & h&<"-6'0$ (". (/0" 18" 18"~ 1+&< (<"

H&<"+&-1+&<(<"$# , 18/ U4$&'&)*  , —*""$" 34"V =)t " [+*4 | &* ™

), —H"$ - #/-.0"-$%")*/-*€10'#)8"

W(™%.<*&"" 1 +&< (<" 345(" 0$(. (" %. (" <88(. (80" =*(A)" 1&" 08 (" <(=(/17 ., (&0%/" 9$%&" ()" 18" 345"
7(81. , %&I( U&<"10)" . (PH0*1&)$ 7" 01" 0$ (" +&<(/3*&"" . (7. ) (QWH0*1&" 18" &+ , —(." . %" &0+< ("
L& QS5 %= CAY . (=) (<"1&'0$ ("1 -) (. =%0+1 & 0$%0'9$+<. (&"18'<*88(. (&0'% " ("™ .1+7)'7(.81. , "
<88 (&Y & 0B ()b, ("&F 5 — (" & " (C'\L+&" (" 9$Y<. (&' P> 7. ()9SLL/(.) " h&<"8-.)0K ™ %< (.)6"
AC(L-) (017 5)0( %0015 1= 0, %OCOS () 7O 7 1) 01L& L8") , WiI'&+ , — () P> i TIHO*&. ™"
U"%0'%-1-+00 (/19%0*L&" AS (. ("SQ"AL+/<"" 1"1&"%'QK1 QQ") 9%/ ("ML (// (. (0"%HI"PQQUE" &0+ . &1 0 ;"
J19%) (<" . = (" &+, = ()& %" 91 , 7.()) (<" A%;" 01 A.<)" 0$( +77(." -1 +&<" 18" 0$ (" YO/ (" 20"

Fe /(YT LL0$PQOSTEH(*/(."Y" I 78(.I'PQQOB" J/< (."9%$H/<. (&20 ") (91&<K ™ < (.)6i"*&"91&0.%)(0i"

I8OSCLC. . %8")9SLL!Y;)0( , i, %LL.50;"18") (91&<%. ;")9BLLS)"~ (“*&)" ANS IS (HO$" * %< ("



©CO~NOOOTA~AWNPE

<t<" 810" )$1A")+9$" %" 7H00(.&" %&<" AC. (" 1-) (.=(<"01" 7(.81. , " , 1. %99+.%0(/;" *&" 1S )% ,, ("

&+ , — (" &" (20 F (1Y ] 11081 PQQSH™

GSOC OF 5 %018" 7%0(.&)" $%=C -((&" <)9+))(<" *&" =%.*1+)" 0$(L. (%" %991+&0)" 2)(("
AUOB(. , %&&" (0"HHI"PQIHI"SL. %" (9(&L". (Z*(AB"MLY0™ , 71.0%&0/;"0AL"91 , 7 (0°&" "4991 +&0)"9%E."
— (<88 (QOUO(<OB ('L "KOLK/&(%.") $180" %991 +&0"2( i ] 1108"Y "F+( "/ (."PQQ_T"F*(*/(."Y"] 1 108"
PQQSI"F*("/(."Y" I 78(.i"PQQOE"%&<"0$ (" 7.171.01&KI+<" ( , (80"%H99L+&0"2(> ™" ]%.08"Y " D/h<*&1i"

PQYIT'F/+)) (i"FU&0% ™ 1i"Y"]%.0$"PQ 1 06"

GH("/1 "KOLKA&(%.")$*80'%991+&0"7.171) ()'%". (7. () (&0%0* L &%/"9$%& ™ (8.1 , "%&™&*0*%// ;"I 1 " %.%0% , *9"
1%; 1+0§'%)*&<*9%0(<"-;"1=(. ()0* , %0*1&"18") , %/ (."&+ , = (.)I0L"%" , 1. (1*&(%."M%; 1+0"18"()0* , %0*1&"
7%00(.8)"A0$"89. ()&% ("%&<"( 7 (.*(&9('a991.<*& " /;1"%"/1 " %.10$ , *9"8+&90°1&"A%)"81+&<"01"
8008 ("1-) (.=(<" Q0 , %018 7%00( . &"- ()0"&"; 1+& ™ (."9$*/<. (&"AS(. (%)% & (%."8+8&90*1&". (8/(90(<"
0$("1-) (=(<"O0* , 01L& 7%0(.&)"- ()0*&"1/< (.'9$/<. (&'%&<"U<+/0)"7] 110$"Y"F*( "/(.i'PQQ_{"PQQRT"
P 1Y 112088 PQQST FH( ™ /(.Y " 3 78(.i"PQQOB" GS (" %991 +&0" %))+ , ()" ()0 , %0*1&" 7%00(.&)" 01"
< (90/;". (B (V0B ("+&<(./3&"™" , %" & 0+<(". (7. () (BO%O*L&"2F*( " 1(."Y" I 78(.I"PQQOB" X 1A (=(.{"0$ ("
*&0(. 7. (0%0*1&" 18" %" <*.(90" %))()) » (&0" 18" 05" , %" &0+<(" .(7.() (&MH0*1&" )" :+()0*1&(<" *&"
%/0(. 8&%0*= ("%991+&0)"05%0" ( , 7$U)NC0S (" , 71.0%89("18"10$(."&+ , (.*9%/'7.19()) ()& " h<<*0*1&"
01"0$("7+.(" 5 %" &0+<(" Q0 , %0*1&"5-(.)-%9$i"4+A (/i"?.*9Bi" I& " $ (&%i"%&<"b (.) 9$%88 (/"2PQQREE"
81."&)0%&I(" , (&0*1L&(<"0$(*&9. (%h)*& " "8% , */*%.*0;"18"9%*/ <. (&"'A0$"&+ , - (.)"2-+0") (("C$1 , 7)1&"
Y'J78(.I"PQIQ8L.". ()+/0)"91&0.%<*90*& " "0$ ("%))+ , 70*1&"0$%0"I$Y/<. (&)"8% , */*%.*0; "AN$'&+ , —(.)"
predicts individual:s mental representation of the number line), whereas Moeller et al., 2009
)+ 00(<"01"91&)* < ("0 (" +&< () 0%&<*& ™" 18" 0B (" 7/%I(K=%/+(");)0( , " A$*9$"%/) 1" %88 (90)" 345"

7(.81. , %&I("



©CO~NOOOTA~AWNPE

GH(" , 1)0"7.1 , *&(&0"%/O0(.&%0*=("%991+&0I"0S (" 7.171.0*L&KL+<" (, (&0"%991+&0i"71)0+/%0()" 0%5%0"
710(&0%" . (8(. (&9("71*&0)" 25 (f")0%.0"%&<" (&<"71*&0"18"0$(". ()7 (90*=(") 9%/ (§" - +0"%/) 1" = +%.0*/ ()"
%&<" , *<71&0"W)1". (B(..(<"01"%)"d)+-L(90*=(e"/%&< , %.B)6"%. ("918&)*< (. (<"81." ()0* , %0*1&"2(> ™"
7%.08"Y "DW%<&LIPQIT'F(/(."Y"I78(.I"PQQOT'F/+)) (."(0"%A"PQ106"GS("+) ("18". (8(. (89("71*40)"
N"M+771)(<"01™&9. (%) ('A% " ("%&<"01"(&$N&I("()0* , %0*1&"%99+.%9; "2(C ™ H'F/+)) (."(0"%A"PQIOT
) (%)L FIS& (< (." (0"%hi"PQQRE"81." (; (K8 %0*1&" <U0%ie" 5=+< (&9("81."0$ ("%991+&0"91 , ()"8.1 , "
children-s estimation patterns: while target estimates seem to follow a linear layout, estimation

(.1.)"81.70%. " (0" &+, ()" ACC 5 L. ("%99+.%0(" %&<"=%.*(<" /()" %0" h&<EL."%.1+&<" . (8(.(&I("
71:80)1" A$9$" . ()+0)"&" %" 0; 7*9%/" 6K)S%7 (<" 7%00( . &" *&" 91&01+."%&%/;) ()" 22)$9.%80" Y" M1 1. ("
PQIPT" #1$(&" Y" /&K [1/<$% , , (.i' PQUIT 4:&B" X+-(.i" (0" %" PQISH" a<<i0-1&u//;(" +) (" 18"
.(8C. (&9("711&0) %&<"0$+)"7. 171.0:18KL+<" ( , (&0")0.%0("*()"A(. (81+&<"01"- (*&< ( (<"-;"21&(K"
1."0A1K6"9; 99" 71A(." , 1<(/)"2]%.0$"Y "DW/%<*&L{"PQ I IT"X 1//%&<)"Y"; . (("PQQQ6"#1&0.%. ;("8*0" 18"
9;9/9"71A(." , 1<(/)"A%)"%)1"%)) 19*%0(<"A0$"8((<-%9B"1&"0B(" , *<K71*&0"18"0$("&+ , - (."F&("
HOIHQ = ;"w'&+ , - ("1&((&"0$"18"10Q6'7. 1=< (<"01"7%. 019 7%&0) 23 78 E"F*( " /(A" "\ 1+& " 'PQI IT"

J78(.I6$L , 7)L8IY T, PQI_B™

1&")+ , I"%/I"%991+&0)")$%. ('0S ("< (%"0$%0") (=(.%/"<*88(. (&0"<(=(/17 , (&OK.(/%0(<"91 " &*0*=(")B/)"
0%&<")L/+0*1&")0.%0( ()" %h. ("*&=1/=(<"H&" - 1+&< (<" 345" 299" %.05" Y" DU/H<*&1{" PQUIT #1$(&"Y"
F%.&(9BY"PQ 1 ST'5—(.)-%9$" (0"%Ai"PQQRT' ML (//(." (0"%A"PQQUI"F*( = /(." Y"1 10${"PQQST'F*(*/(."Y"
J78(."PQQOT'F/+)) (." (0"%A"PQ 106" G$)")". (8/(90(<" - ; "%&"1& " 1:& ™" < (~%0(" 1&" 0B (") +0%—*0;" 18"
0$("-1+&<(<"345"0%)B"%)"%"valid measure of children-s number magnitude representation”2(> ™"
#1$(&"Y"F%.&(9BU"PQIST'F/+)) (."Y"1%.08"PQ Y 161" (9%+) ("7.190)) ()"18" , %" &*0+<("()0* , %0*1&"
)((, 01", %)B(<"-;"10$(."91 " &0*=("7.190)) O %&<") 1/+0*1&")0.%0 (" *()*&=1/=(<*&"7(.81. , *&""

0$("0%)B"



©CO~NOOOTA~AWNPE

18" 9180.%) 0" +&-1+&<(<" 345" #)" h. " +(<" 01" . (8/(0" %" 7+.(." , (W)+.( 18" &+ , - (." . %" &0+<("
(7. O (BOWLE" 205 #1$(&" Y" THEIK[L/<$% , » (" PQUIT 4°&B" X+-(.i" (0" %hi" PQIST ) ((" %) 1"
W0 X+= (" 3+(CBIY" ML PQIH'SL." (; (KO.%OB&. ™" (=< (&9 (") + 77106 "03")"%. " + , (&05"
08&<") (( . )'01"- ("1())" &8I+ (8&I(<"- ;"™ ("%)"&1"<(=(/17  (&K. (40(<"7 (.81. , %EI('9$%&" )"$%=("
—((&'81+&<"H1B(&"Y " F%.& (9BYUI"PQ I ST 4B X+— (.i" (0"%H"PQ I SB"G$) "))+ , 70+1&"™)"~%) (<" 1&"
(., 7H"L-) (L =%0+18)"18'9%7<. (&"18'<*88(. (80% ™ (I(= (/) ANSH&'T * , %h.;")9$ 11/ %&<"%<+/0)'5..1."
=0h.0h—4/10; &+ &~ 1 +&< (<"B45"A) 8L +&<"01"&9. (%) (&(%./;"ANS' &+ , —(.", %" &O+< (LS (&Y
TEOKLL/<$% . , (I"PQYIT'4*&BI"X+— (.i" (0"AHH"PQT S6"'GHY) "B:&<*8. " "Alh)"&0(. 7. (0(<"01". (8/(90"0$ ("
)0.%0( "*9" 7. 19(<+. (" 18" Q0 , UO&™ " , +07/(" 18" 0B (" "*=(&" +&0" <*)0U&I(" 2> (i < (h<K. (9B1&&""
Y0.%0(" ;" %)")+= = O0(<" - "#1$(&"Y" THUEIK [ L/<$% 5 o (E'PQIT" 1. 0" 91+&0& " KFB(")0.%0( " ;"%)"
91, , (&<(<"-;"FI9$& ("< (."(0"AI"PQIRGI" AS9S" (<) "01"%& %99+ , +%0*18"18" ()0 , %0*1&"(..1.)"
(0" (OAE"PQYHB" )"+ OB 0"Al) "%, ™ +(<"0BU0"+&— 1 +&< (<"345". (8/(90)"%" , 1.("<*.(90'0; 7 ("18"
&+, (", %" &0+<( OO0 , %0*1&" 24*&B1" X+~ (1" (0"%hb" PQ IS W(*&(.0" (0" %hi"PQIUM = +0") (" F* , "Y"
JI78CIPQUIE #1$(&"Y " 1M&IK[L/<$% , . ("2PQIIE)SLIA("S.)0" (=< (&I(0$%0" < (%<K.(9B1&&""

)0.%0( " ;181 &) &I (H") "&<HIUO(<" 3 "h". (7 (00*=(") I/ L7 (<" ()0 , %0*L&"7%H00( . &"

TH# V&S UBRIG)  , S -GN =) -/ &

3+, (149))0+< O = C% 5 *&(<"%)) 1990 18)" 18"~ 1+&< (<"UE<EL."+&~1+8&< (<" 345" &<"~h)*0"
0.40$ , (°9'CH() ()0+<*()'$h=(")SLAE")* " &FIU&N'IL .. (H0*1&)1"—+0"1&/; 81 0B ("~ 1+8&<(<"=(.)*1&"
1808 (" 0%)B" 20> 1" 4*8BJ" X+— (.i" (0"%hi"PQ I ST'FI$& (< (." (0'%hi"PQIRE" ] 1+&<(<"345" 7 (.81. , %&9("
)" &R/ ;" 7.(<*90)" ., H0S( . YOO/ %OBH(=( , (80" 9189+, . (&U/;" —+0" W) 1" /L& " 0+<&Ml/;" 20" "
11208 Y"F*(*/(.i"PQQRT' FI$& (< (.i" [.%-&(.i"Y" D%(0) 9% PQQU" —+0") (("F* ., )" (0"%hi"PQY_"81."
. (0S1<1/1 " *9%/"%) 7 (90)6"%&<"91L. . (/H0()"AT0S"9L+&0E. " ' ~98)*9"%. 0% , (0*9"A&<"%/ ™ (= .4"%)" A(/I"h)"

ANS" Y911/ %9B*(=( 5 (&0" %&<" *.%<()" 2FOB&(*<(." (0" WA{" PQIR(" 81." %" , (0%K%&%/;)*)6" 8.1, "



©CO~NOOOTA~AWNPE

B&<(. "%.0(&"01"7.% , %.;")9$11/" 2] 110" Y"F*( "/ (.i'PQQ_6"1&"0$*)"=(*&"2.*) 1K=&" < (&' 1)" (0" %"
2PQUHE". ™ +(<"0SU0'0S () (")) LIUH0L&)" , %;"199+."<+('0L"%" , +0+0". (/%0*1&"~ (OA( (&'~ 10%"~%)*9"
0.40$ , (09" %&<" 345" )BHI)" *&" &+ , (" <(=(/17 , (80" GH0$" *89. (%)*&"" 7.%909(" *&" )1/="&""
L 0B, %07 1-1( , ) &"9BH<$LL<I0B(". (7. () (CO%1&" 18+ , (", %" &0+<("- (91, O". 1.("

09O+ U0 (I ASHOS) &0+ 8", (8 (90(<"&"~ (00(."345"7 (81. , %&IC™

#1, 70487 <08 1 , "~ 10$"=(.)*18)" 18'05 ("345"0%) Bi"#1$ (&' %&<"F%. & (9B%" 21 S (&"Y "F%. & (9BY"
PQYSE"%. ™ +(<"0$%0" - 1+&< (<" U&<"+8- 1+&< (<"345")$1+/<"01"= ("%) ) 19H0 (<" AH0S$" <88 (. (&0"~h)*9"
%.40$ , (0°9")BH/)" G (hHISL.) BL+E<0BU0"; 1+& "9$H/<. (&'2>01'7. ()9$11/()6'+&<(.7(81. , (<"&"
~1+8<(<" 345 —+0" A ("%-/("01" 917 (" A0S IS (" +8-1+&< (<" =() L& YT 7. 1% L %0 (/5 "%)" AU %)"
1/<(." 9%¥/<. (8" #1$(&" %&<" F%.&(9BY" 2PQISE" 9189/+< (<" 0$U0" +&-1+8&<(<" 345" , %;" = (" 1())"
<(, W& 17 1=%0—/; "~ (9%+) ("0%)B") L/+0+1&". (= +. ()" )" h<=%h&I(<"=%)*9"h.10$ ,, (0°9")BH/)"2>(H"
Uh<<HOLEUES" , +HOTFIROLEE'SL."+) & "< (%<K. (9BLE& " ")0.%0( "*()'%)"91 , 7%. (<'01'-1+8&<(<"345"

O +-0.%90*1& " %&<"<*=*)*1&6"81."%77/;*&""7.171.0°1&"+< " (, (&0")0.%0(** ()™

H180.%)0& " " - 1+&< (<" h&<"+8-1+8<(<" 345" 7(.81. , W&I("*&" %" )b , 7/(" 18"81+.05K" . %< ()i 0$("
Y0+<;"18"4*&Bi"3+ (. Bh&<"ML (/I (."2PQ1SE"7%.0%// ;"91&8". ., (<0$() (OS(L. (09%"%))+ , 701&)"CH("
U+0$L.)" 00, = +(<" 0$%0" ~1+&< (<" 345" , ;" . (- +. (W' <*=4)*1&" 18" 05 (" &+ , —(." & (" 01" = +*< (" 05 ("
W7 719%0+1&"18'7.171.0°18K-%) (<")0.%0("*()"~;". (B(. (89 ("711&0)>" F+-) (= +(&U/;(") 0%.0°%.""8.1 , %"
L(BC. (BI(" TL&0T" %" /(B0AK. <" 2. (8/(90°& ™" ) +-0.%901&6" 1." .** SOA. <" )$80" 1&" 05 (" &+, - (." F&("
2. (8 (908" "h<<H01&6" , ** $0"= ("&(9())%. ;"01"19%0 0B (". )7 (O=('0%. * (0'&+ , —(."91..(90/;"+7 18"
0SCH&C'CH) U<L+)0 , (BUSLA(=(I*)'&10%77. 17 (& +&—1+&<(<"B45"180$)"= (*&{" 48 B h&<"
9L//(%"+()" 2PQISE' <<" &10" 1-)(.=(" )*" &'8°9%&0" 91.. (PH0*1&)" — (OA((E" -%)*9" %.50% , (00" h&<"
+8-1+&< (<" 345" & 0 (" )b , 7/("18"81+.08K ™ %< ()" 2-+0") ("W C&(.0" (0" %" PQIH"81." <83 (. (&Y'

LQHO)" (%<, HOTFIRFLES N O TO(BEED. ()& & , — (" 18")0+<H()"<H. (90/;"91 , T8



©CO~NOOOTA~AWNPE

~ 148 (<IE" - 1+&<(<"BA50)'8.10"; (0'9/ (. "SLA'- 10$'0%)B) "<'88 (. *& 0B (*. ") ) 19401 &) "A0S"

=00.*1+)"-%)*9"%.*0$ , (0*9"17 (.%0*1&)"™

XIAGCIH0)" , 71.0%80"0$%0"0S . O +0)" %&<"%))+ , 70+18)" <()9.*— (<"%h-1=(C"%. ("% %&" , &/ ;"
~0h) (<" 18" 1-) (.=0*18)" 18" 9%H/<. (&"8.1 , "B*&<(. "%.0(&" 01" 0$ (" (&<" 18" 7.* , %.;")9$11/" th&<" 18"
th<+0)i AS(. ()"0 (%" (" . 1+7"*8K~ (OA( (&L D (") (9L&<%. ;") 9L L/ 9H/<. (&' $%)") 1"8%." p. = (/3"
— ((&'&(" 1O H.+9I/; 0 (BCATY0+<H() &= ()0* " h0°& " 0B (". (LH0*18&) $+ 7" (DA ((&'345h&<"-h)*0"
%.40$ , (0°9™&"0; 7%/ ;"< (=(/17°&"") (91&<%. ;")9$11/"9%*/<.(&" , W&/ ;"%)) () (<"345"18"8.%90°1&)"
0&<". (O(<"Q)0* , %0*1&"7 (.81. , %&ICDL"COB(. W'Y 0%&<%. <*) (<", UOB( , %O*9%/")9SL1/%9$* (=( , (80"
0Q02F*("1(."Y'D;B("PQI06"L.01")9$1 1/ %< ()'2FIS& (< (."(0'WH"PQQUE" I &/ 3 B(A)0+<*()'819+) (<"
1&"ASLI(&+ , -()'FL , ("180$Q) (Y0+< ()" &I+< (<" U0S(.") , %)% , 7/CYN(Q)"20P")* 08" th<(.)"
EEH (1Y IT8(IPQQOUESPS") 08" %< (.)'CS1 , 7)1&"Y" I 78(.IPQIQE"L."<*<"&10"+) (") 0%&<h. <"
345 06)B)"- ;" (ZH/+0€. " "345"1&"~ 105"&  "%0*= ("K 1 QIQQQKQE%&<"7 1) 0*=("&+ ,, - (.)"2K1iQQQK HiQQQE"

&) 05" %&<") (=(&0$" " .%<(.)"2\1+&™"Y"] 110${"PQ 1 HB"™

J&"'&(+. 1K8+&I0*L&NM/" (= ("] .0/ (00" (0"%"2PQIHE"7 . L=< (<"8*.)0" (=< (&9 (00"~ 1 +&< (<" 345"
7(.81. L %&I(" 91..(M0Q)" A0S" %HO0=U0r1&" 18" —.%&" %. (%)" %)) LIHO(<" ANS" &+, —(." . %" &0+<("
7.190))'&"" 2)+9$" %) 05 (" *&0.97%.*(OW/" ) +/9+)" <+ *&"" Y& /(" <* 0" )+-0.%90*186" 3 (=(.05(/O)I"
(., 759" <U0%"8.1 , ") (91&<%. ;") 9B 11/ 9%¥/<. (&' 1&" +&~1+&< (<" 345" h. (")H/I" , ))& " (80" (/3"
M1.(1=(.0)1"8%.508 (. (*)'&1'91 , 7%.9) 1&"18"- 1+8< (<U&<"+&-1+&< (<"345"&") (91&<%. ;") 9$11/"
9%¥/<. (&"ASIS" W) 1"91 , 7%. ()"0B("%)) LI 1&" 18" - 1+&< (<"h&<"+&~1+8<(<"345"7(.81. , %&I("

0&<"-9)*9"%. 0% , (0°9"&"0$. (("918) (9+0'=("%" ('I(=(/)"

$./(0122/34(54167(

GH('O+.. (&07)0+<;'810+) (<18 - 1+8&< (<CU<"+8~ 1 +&< (<"B45"&") (91&<%. ;") 9$11/9$H/<. (&8.1 , "
" < H 01" D 18" 7%.0°9+/%.6" AC 8= ()0 H0(<" A0S (" -1+&<(<" 345" 7(.81. , %&I(" 9$%&" ()"

Rn



©CO~NOOOTA~AWNPE

—ACEISO (%" (™. 1+7) W&, (<KU07. L=< "5 )0'( , 75O <U0%" L&' SLA) (91&<%. ;")9$11/"
O$t/<. (&7 (BL. , "&"+&-1+&<(<"345"71."- 1+8<(<"345'7. (=1+)")0+<*O)'%)) O )& "&+ » —(&("
OO, %01&" - (3 18<"7.% , %.5")9$11/+) (<"&+ , — (" %&" ()"~ (OA((&'QK 1QQQ"&<"QK 1 QQIQQQ"24*&B;"
X— (1 0" ohh5" PQST F("/(."Y" I 78(.i" PQQOM G$1 , 7)1&" Y" I78(.i" PQIQM \1+&"" Y" ]110$"81."
& hI=("&+ , - ()I'PQIHE" L. +&—1+&<(<"345(" , W&I;") , WI(."&+ , —(."%&" ()"+7"01"PQ'2#1$ (&
Y I HEIKLL/<$Y% , , (I'PQIITHIS(&"Y "F%b.& (9BU%PQY S6'PU4*€BI"3+( B" (0'%A'PQY ST4*&BI"X+— (i
(0"%H"PQ T S6%&<"HQ"2W(&.(.0" (0"H"PQ T HUT"W (& (0" (0"A"PQ I H—-I"W (& (0" (0"A"PQIUB'A (. ("'+) (<"
J&;" T, e<" J78(." PQIIE +) (<" &+, —(." .%&" ()" 18" QKOQETQQETIQQQ" *&" +&-1+&< (<" 345"
XIA(G=CHHLS(EITMEIKLLI<$h , . (5'%&<" h-+EMH& PQIRE" 71€0(<"01"0$ (" %0+ M%)B" < ()** &"
) (<=, UE<" I TB(."2PQY I6L&"+8 - 1+&< (<" 345 OBH<. (&' %&<"U<-+0)"0; 7°9%//; " 1=(. ()0 , %0("
0. " (0"&+ , - ()" ((W) 1"#1$(&"%&<"F.&(9BYI"PQI S6" X (&I 0S (" 7$; ) 9" &+ , —(."F&("&((<)"
01"/ =" (&1+"$". 11 , "~ (G 1&<"0S (1%, = Q0. = (0"&+ , —(.") 1"0%0"7%.09*7%&0)"9%&"<( , 1&)0.%0("
&10"1&7;"0$%)"—498)"—+0"%/) 1") 9%4/%. "=, “h&I(*&OBC*." OO0 , %0 18)>'G$*)"))+ ("< ( , 1&)0.%0()"0B%0"0")"
© L 71)) (0L %99+ U0/ ;" +& 8 +& -1 +&< (<"&+ , —(KI&( OB AN M. " ('&+ , —(.)" 298" F , "h&<"

J78CIPQIIE™

XIA(E( 8" )0+<*()" <. (905" 91 , 718" " —1+8<(<"%&<" +8&-1+&< (<" 345" 7(.81. , %8&I(" (0$(."
8, - (08" O WCE (0 X+ (" 3+(CBIY" ML/ (CI"PQIHI#1$ (&Y T MEIK [ 1/<$% , , (1"
PQUIT#1$(&"Y"F%.&(9B%"PQISE' 1."<*8(. (&0"&+ , (" %&" ()"A(. (%7 TF(<"&" - 10$"0%)B)" 20 ™f"
8.1 , "QK1QQI"QK 11QQQI"h&<"QK ! QIQQQ"&" - 1+&< (<"345"h&<"QKPH"&" +&~ 1 +&< (<" B45I"4*&Bi" X+ - ({"
3+(BI"Y"ML//(I"PQISIW(*&(.0" (0"%A"PQIRI" 1." QKSUM&" +8&~ 1+&< (<" 345" W(*&(.0" (0"%)" PQ T Up"
#4951 468" h&<" 91//(%"+()" 2PQISE" 7.1="< (<" (=< (&I(" 0$U0" 7%.09+7%&0)" 7(.81. , (<" 1Q)"
099+ %0 ("8 +&- 1+8<(<"B45"(=(&'0$1+"$0S('&+ , (" %&" ('A%)'=(.;") , W& IS (+&-1+&< (<"
50" QKPHE" %)" 91 , 7%.(<" 01" 08" &+ , — (" .%&" (" *&" 0$(" -1+&<(<" 345" 0%)B" 25(i" QK1QIQQQ5”"
#18)'< (& h-1=("< 9.5~ (<" 7.1-1( , )" A0$" 9. (h0'& " " h&" +&—1+&< (<" &+ , - (." & ("81." 1. ("

Un



©CO~NOOOTA~AWNPE

0%. ™ (0"=0/+ ) U&<" 0L 0 ("L&"7 . (Z+1+)". O+O)"AC+) (KOBCYh , &+, — (" %&" ()"%)"&"4*&B" (05"
PQUSE")0H+<"T , T1.0%&0/ ;1" %&<"<8(. (80"8.1 , "~1+&<(<"&+ 5 - ("F&(" ()0 , %0 1&H"0$ (. ("<1"&10"
Y(( L 01" = (") +-) OHEO"€E/+(8I()" 18" %™ (& +&—1+&< (<" 345" 2(> ™" 4*&B" (0" W' PQ T 6 18" 8% 90"
OO0, %0-1&" 7900(.&)"8L." W' ™ (" = . 1+7)" AC. ("98%.%90(.) (<" ;" OO , %01&" (.. 1.)"&9. (%h)"&""&"

YNCHUES"E"=%.%-10; A0S RI. (6)'&"" , % &+<("180$(". O 7 (A =C0%. " '8+ , - ()"

2+.08(. , 1. ("01"%<<.())"0$ (" 18" L& " "< (~h0(" 1&' A$9$"=(.)*1&"18"0$ (" 345" %) B" 2" - 1 +&< (<"1."
+8- 1+8<(<"2%) %)) 190 (<"ANS AS9$"-%)*9%. 0% , (0917 (. %0*1&H0B(". (/%0 1&"18"~ 108"~ 1 +&< (<"
Uh&<" +8—1+&<(<" 345" A0S 05(" 81+." —%)*9" %.40$ , (09" 17 (%0*1&)" 250" h<<H0-L&" )+-0.%90*1 &'
L HOTFOUOLES &< <*=)*1&6" A)" (% , *&(<" Th) (<" 18" 0$(" $&<"&")" 8.1 , " 7.(=+1+)" )0+<+()"

1+0P&(<"%-1=(1"1+."$; 7208 O O"A(. (%) "SL/LA)™

2 )0 AC C 7 (90(<"01"88<")*" &5 9%&0" <88 (. (&9()" - (OA((&" -1 +&<(<"h&<" +&~1+&< (<" 345"298"
#1$(&"Y "Fh.&(9BY%"PQ SB'I&" 7%.0°0+/%.1" , (h&" ()0 , %0*1&"(..1.)" A ("6))+ » (<'01"-('$*"$(."&"
0$(" +8-1+8< (<" 06)B" =(.)*1&" 24*&BY" X+ ([ (0" %hi" PQISH" F(O1&<i" . ("%.<*&™" <(=(/17 , (&0%/"
938" O AC" C7(90(<" %" <(9F&(" 18" OO0, %0+1&" (..1.)" A$" %™ ("81." —~1+&<(<" 345{" —+(" &1"
)" &8 9%80"%" (K. (PH0(<"<*88(. (&9Q)"&" ()0 , %01&" (..1.)"81."+&~1+&< (<" 345" 2415 (&"Y" ] /4&IK
[L/<$%, , (I"PQYIT'4*&BI" X+~ (.i" (0"%H"PQISH" GS*.<i" A(" (7 (90(<"9$H<. (&'01"+) ("7.171.0°1&K
1+<" (o (8000 ()" 18" — 1+&< (<" —+0" 8108 +&-1+&< (<" 345" 1&<"0$+)[" 1&/;" 1 +&< (<" 345"
(..1.)'01'BL//LAY%'9$%.%90(.F) 09" BK)$%7 (<'<)0. - +0+1&"7%00( . &"298"2) $9.%80"Y "ML 1. ('PQ1 PH'GS ("
+) ("18"720(80%". (8(. (89("71°80)"&" - 1+&< (<"345")$1+/<"= ("7. (<1 , *&%&Y/;". (8 (90(<"-;"9; 99"
L 1<) 080" — Q0" 80" 0$ (" ()0 , UO1&" 7HO0(.&" 18" 9F<. (&" V&Ml ~%) (<" 1&" 0S(" 0B (L. (0:%/"
918)*< (U0*18)" 18" #1S (& %&<"F%h. & (9BU2PQY SEU&< IS ('&<*&. " ) "18'4*&B"(0'%H"2PQ I SE'A (%)) + , (<"
—10$'0%)B)"01"- (")) 190 (<"A0$"<*88(. (80"=%)*9"%. 0% , (09")BH/)1&"7%.010+/%. ' A (") +771) (<"345"

7(.81. , %&I("&" 0B (" -1+&<(<"0%)B"01" - ("%))19*%0(<" A*0$")+-0.%90* 1 &f" h<<*(*L&}" h&<"<*=*)*1&"

Q"



©CO~NOUNWNER

XIAGCIAC<<"&L0'81. , +H0(% ACK<* . (90(<"$; 7108 ()*)"81." 08 ("%)) 190 1&" 18" +8~ 1 +&< (<"
345"7(.81. , %EI(UE<"-%)'9'%. 05 , (0O W()+0)"18'0$("7. () (&0")0+<;" , %03 "$(/7"01"8+.0$(."9/%.'8;"

0O (. (%0+18)" .



©CO~NOOOTA~AWNPE

89%:-+,#((

O

a'010%/"18"URU"9I$Y<. (&"2S_0""*./)6'8.1 , "IP"[(. , %&") (91&<%. ;")9$11/)"7%.0*9*7%0 (<"™&"0$*)")0+<; ("
9$Y/<.(&"AC (. (9. +0(<"8.1 , "VI"HO$" ™ . %< ("9%)) ) "2& 1 OSP{" , (%&"%" (C"YQHRI'FNERPS" , 1&0%)6("
PI" 08" ".%<("9/%))()"2& i 0RO" , (%&"%™ ("1 > _1{"FNERSR" , 180%)6"%&<" YH" 103" = .%<("9/%)) )"
280P_SI", (%&"%" (C'IPHIFFNIRIUY, 1&0$)6"#.1))K) (901 8%/"<%0%"A%)"91// (90(<"%0"0AL"<*88 (. (&0"
)+.=(;" 71*&0)" 2FD 1" %&<" FDP®" #$*<.(&" A(. (" <t=*<(<"*&01" 0AL1" )% , 7/()" %&<"91 , 7/(0(<" %"
91, 7+0(.) (%)) . (&0"18"C0$ (W' - 1+&<(<"2F% ,, 7/("1"%)) () (<"%0"FD1'%&<"FDPI'& i 1QQ'dFD ("
& IORU"N&<"FDPC'&H0T 1", (%&"% " (C"Y DHOI'FN i IPST", 1&0$)6"L."+&-1+&<(<"2F% , 7/("P%)) Q) (<"
1&/;"%0"FDP(" & EPRU" , (%&"%" (C" T DH_I"FN 1 TPUO" , 1&0$)6" 345"0%)B>" 5%9%" 9$H/<" A%)" ("% , *& (<"
once. Furthermore, children-s basic arithmetic a)"A(//"%)"0$C.")7 (/1&=")BN)"A(.("%)) ) (<"%)"

9180.1/"=%. %/ ()"

A8, 1, "TUH'9$Y<. (&'A$L'<<"&10'91 , 7/(OC'COBC. S ()7 (F&""1. 05 ("%.0$ , (0*9"0%)B)"2& i USS"
1."$0%<", 1. COSH&00F ", *))"&""<U0%"2& i "1Q6"& 05 ("345"0%)B) %80 (. "1 +0/(."91 .. (90*1&"A(. ("&10"
918)*< (. (<"81."8+.05.(."08&%/;) ()" 2*&MII; "9 ,, 7/(0C" <Uh0%" 18"H10"9$/<. (&"81."0$ (" - 1+&< (<" 345"

09)B'&<"PP 1"9$H/<. (&'81."0$ ("+8~ 1+8< (<"345"0%)B" (&0(. (<"0$ (%&%/; ) ()"

Written informed consent was obtained from parents prior to the study besides children-s
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Children:s basic arithmetic )B*/)" *&" -%%+*+""$(" )#1*/- *+"$(" , #2492, —*"$(* %&<" %t:1)+"$" A ("
%)) () (<"8LILAG ™ "05+)" 7%.000+/%." 1. <(."+)"&™"%" 7. 1<+90*1&" 7%.%<*" , »"#$H/<. (&"A(. ("%)B(<"01"
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1170 O #$<. (A C. (. (<017, %.B0$("91.. (907 1) 0F1&"18'%" " *=(&"&+ , - ("~ ;" , (%&)"18"
0B(" , 1+)("9+.) 1" 3+, — (" F&("%&<"0%. " (0"&+ , - (.". ( , W&(<"1&8"0$(")9. ((&"+&0"%". ) 718) ("
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TPQOI'PION{"POTHI"OSQRI"OST_["SHSP{"S 1 TP"STUR{"SUH I§"H TQO§'HPOUIHPURI'HO I P{" HUSE" IRT{"I _RH["
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&+ , - (P -+0"<t<"810". (9C=("h&; "B (<-"%9B"%) 01 "AB (0S (."0BC." (O0* , %O("A%)"91.. (90"L."0B%0'0S ("* = (&"
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Additionally, we fitted children-s number line estimates with different mathematical models.
GU-/("P")$LA)" %-)L/+0("%&<" . (LA0*=("8. (- +(&9* ()" 2&" 7%. (&0$()*)6" 18" - (0" 8:00*& ™" , 1<(/)"81."

~14+8< (<& +8- 1 +&< (<"345") (7%h.%0(<"81."0$ (0% (("<'88 (. (&0"™ %< (I (= ()"

18" - 1+&<(<"3450"F&(h." , 1<(/)"7.1=*<(<" = O 0"80"81. "W/ = %< ("/(=(/)"81."H_J "18"8:80%i"HH J " 16"
)OS %h&<"H_§"18")(=(&0$" ".aders). Only about 30% of all children-s estimates were best
<(O(. ,*&(<"—;" L 1<(/)" &< U0&"" 7.171.0:1&KL+<" (, (&0")0.%0("*()" 2> (i 1&(K9;9/49" 1." 0ALK
9;9/9" , 1<(/)6"%&<"0$+)"0$("+) ("18". (8(. (&9 (" 71*€0)>'G$*)"8&<*& ™", %;"91&0.%<*90" (=*< (&9 ("81."

7.171.0*1&K|_+< .( > (&0”81 > "0$("91&01+.”%&%/;)()>m|

In unbounded NLE, over 90% of children-s estimates were accounted best by linear (for 63% of
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)0%&<%.<*) (<", (0)+.()"91&)*<(*&""0$("/(&"0$"18'0$(". Q7 (N*=("&+ , -(."F&QO)"ACCHED(C
%) 1" 4*&B{" X+- (8" (0"%A"PQIST'8L."%" , (0$1<1/17*9%/"<*)9+))*1&"1&" 0 ("% 7 7/*9%0*1&" 18" <*8 (. (&0"
&+, - (" %&" (6" G$)" B77.1%9%" ) ((5 )" A%..%&0(<"%)" A(" <*<" &10" <.%A"%&;" 91&9/+)*1&)" 1&"

<H88(. (&9()"*&"0%)B"<889+/0; "~ (OA((&"<*88(. (80/;" 1. " ("&+ , - (.".%&" ()"

F(O1&<"0$(")0+<;"A%)"9.1))K) (01L& L"A('<H<"&10" , 18501 ."&0. K& =H<+"< (= (/17 . (&0"&"
~1+8<(<" h&<" +&-1+&< (<" 345" X1IA(=(.I' 9189/+)*18)" 1&" &+ , (%" <(=(/17 , (&0" A0S %" ("
) "A%. HEO(<H)'BL."~10$") 7 (/1€ "h&<"-%)*9%. 0% , (0°9'D%)B)"L+."<h0%'<19+ , (&0(<"&9. (%)*&""
7(.81. , %RIC'ANS™EI. (%)*&""%" ("3 (=(IS ()AL H<"- ("< O Y=/ (01"7+.)+ (80 K& =H<+h"
<(=@17 , (BOH" 9$U&" ()" *&" ()0*, hO1&" %99+.%9;" *&" )(91&<h.;" )9$11/ 9$H<.(&" ., 1.("

):)0(, %0*9%//;™&"8+0+. (") 0+<* ()™

GS*.<("%)"AC'%)) ) (<"7(.81. , B&I(*&" -1 +&<(<"U&<"+8~1+8< (<" 345" 80 (. K*&<* =*<+%// ;" <*. (90"
91, 7%.%)1&)"18"-10$"345"0%)B) "A0$*&"1& ("9%*/<"A(. ("&10"71))*-/C"3 (=(.08(/ O))i"-10$")% , 7/()"
Y((, "AQIIL , T%.%-1 (%) - 1+&< (<"%E<"+8~ 1+&<(<"345"A%) %)) () (<" AVSE'0S ()% , ()9$11/"
9/%)) ()" 20"/ (%) 0"%0"F D61 %&<"0$+)i"9/%) )K. 11 , ". (/40(<"*&8/+(&9()"2(> "1"9/%) )"y N0 (%9%$*& = ")0; /(i

%=C.%" (", %0$"7(.81. , %&I("18"05(")9%11/"9/%))6" A(. (" (= +%//;"<)0.*-+0(<"%9.1))"-10%" " .1+7)"

oP"
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M. (L=C0" %&<" 054)" *)" 7%.0+/%./5" * , 71.0%801" 0$(" 0AL" . 1+7)" )1/="&"" (0$(." -1+&<(<" 1."
+8-1+&< (<" 345" &0 (." <8B(. (<")* " &89%&/;"&" , (%h&" -%)*9"%.50% , (0*9")B¥I/)" &1."&") 7 (/I&.™"
7(81. , %89G g OS( (BL.C"%))+ ., ("OBU0" =108 . 1+7)"%. C"ACI"9L , 7%.%—/(" &<")+880* (&0" 01"
<UA" 91 , T%.%-/(" 9189M+)*1&)" 18" ~1+&<(<" %&<" +&-1+&<(<" 345" 7(.81. , %&IC" X1A(=(.I
<AL, 7%.9)18) AL+ - ("< O Y=/ (8L 3+0+. (") 0+<* O & 3 10%) 8109 (%."; ("AS (0B (."
0e<" $1A" 0$(" 7. (BUHL&" , (<*+," 50" 91, 7H(H (<" %)) ) » (80" *&" 05 (" 9+.. (80" )0+<;6"
L 1<(U%0()" 345" FIS& (< (." (0" bt PQURGE" %&<" 710(&0//;" 1(%<)" 01" &I1&)*)0(&L" . ()+/0)" 20 ™"
9. () (<" (..1." = %-*}0;6"%)" 91 , 7%. (<"01" (%./*(." 7%7 (K7 (B )0+<* ()" 2+0+. (", 1< (" (890"
Y0+<+()" 18" 345" 91, 7%.587" 91 , 7+0(.F) (<" U&<" 7%7 (K7 (89" 0Q)0&"" 91+/<" 7.1=*< (" 8+.08(."

&)+ S0

oon
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&+*8&=—#)+*#"((

18" 05 (" 9+.. (80" )0+<;i" AC =0 " h0(<" - 1+8< (<" %&<" +8-1+8&< (<" 345" 8" ) (91&<%. ;" )9$11/"
9%H/<. (&" 50" ™ U< (" H' 01" 16" g (" BL+&<" 0$%0" 9%7/<. (&)" 7(.81. , %&I(" *&" —1+&<(<" 345" A%)"
Yo" &IURN/ ;" (00(."%)"91 , 7%. (<"0L1"+&~1+&<(<"B45"8L."W/"™ < ("I(=(/)"ML. (L=(i"O0 , %01&"
%99+.%9;") (( )" 01" , 7.1=C' A0$" %™ (" 1&/;"&" 0$(" - 1+&< (<i" - +0" &10"*&" 0$ (" +&-1+&< (<" 0%)B"
=()"1&"g0$". () 7 (90010$ (%)) 19%0*18"18'345"7 (81. , UEI('ANS"-%)*9"%.10$ , (MOFA("1-)(.=(<"
0$%0" ()0 , %0 1&"7 (1. , %8I~ 1+&< (<" +0'&10"+&—1+&< (<"345"A%)")0. 1&" /;"%)) L9h0(<"AS"
~06)*9"%.50% , (09" 17 (L0*1&)" 250i" << L& ) +-0. %0 1&I" , +/0F7 FOU0*L&S" <=)*186" 180(. () 0&" /1"
0$Q) (" %)) 19%0°18)" *&9. (%) (<" A0S %™ (i" %&<" 0$+)E" %. (" 7.1-%—/3" )+-L(90" 01" <(=(/17 . (&%/"
9$%&." ()'g0$". () 7 (9001") 1/+0-1&")0.%0( "*()"( , 7/1; (<"&'345{'9+. . (&0". ) +/0)"91..1-1.%0(<"0$ ("
0))+ , 708" 18" ~1+8&<(<" —+0" &10" +&-1+&<(<" 345" 01" . (/;" 1&" 7.171.0v1&K-%) (<" O)0* , %0*1&"

Y0.%0( O™

18"+, %. 38080 (<O &< U0 ("0$%0"<*88(. (&0 . ()+10)" 1&"0$ (%)) 1940 1&" - (0A( (&'~ 1 +&< (<"
0&<"+&~1+&<(<"B45"ANS%.0$ , (0°9"17 (U0*1&) " L-0%&(<™&"7.* , %.;")9$1L/"" (&(WNCOL"L/<(."
)(91&<%. ;" )9$1 1/ 9BH/<. (8" GH(. (=;i" 1+." . ()+0)" )+=)0%&0%// ;" 91&0.~+0(" 01" 0$ (" B&LA/(<" ("
Uh—1+0'0$ ("2918) (9+0'=(6'< (=(/17 , (80"18")BH/)"7 (L0H&& " 01"~ 1+&< (<"h&<"+8~1+&<(<"&+ , —(."
F&C OO, %0-L&H"%)"05(;" 7. L=< (U< <0 1&W/" (=< (8I("8L."0S (%)) + . 70L& 0SH0"+8 - 1+8<(<"345"

L ;"< (<" (BI0%" , 1. ("< (0%&<"T+. ("o () +.("18'&+ , —(.", %" &0+<("O0* , %0*1&™

OS"
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INNO™ , ) [(¥ C(

a77(&<""al"7.1=<()"00)0" , %O(.Hh"+) (<"01"%)) )" -%)*9"%. 0% , (09"26%—/("al>16'%&<") 7 (/F&""

91, 7(0(&9*()"2G%-/("a>P6"18"0$*) ") 0+< "

$AB:/(1CIC'(]%)*9"%.10$ , (049'7.1-/(,)"

(

3" a<<i(r1&" F+-0.%90¢1&" M A= &"
7F9%0*1&"

D" IP'k"™0" " TH"

L O_kSI"i"RO™ UTK_1"i"PS" ROI"E"H_" SRy_"i"R"
P" PUK_I"§"U_"™ UOK_I"i"P_" R™_"1"SR" HyIl"i"R"
0" PHK_I"§"UP™ HIKOI"i"1S" R*S"1"OP" OPyS"i"R"
S" PIKPI"i"SR" USK_U"1"PH" I"_"i"SP" HSyuU"i"_"
H" _HkPR"#"UQ" UPKI_"i"1_" ura_o SPy_"i"l"
_ PUKOR"1"_I" RIK_H'§"1_" _"U"i"HS" _OoylIi'y
" ORKPH"I"_0" SIKIR"i"PO" STI"I'PR" PSyR"i"0"
R" PIKPU"§"H_" SHKPU"#"!_" S™_"iI'PS" IPyR"i"U"
U PSk_R"1"UP" HPKP 1" 1 "PH" SAVA MO OHyH"1"I"
Q" S_kO_"i"RP" OOKIR"E"IH" O°R"I"PS" PIyO"i"l"
n HOKO_"i1"RU" U_KIP"i"PS" UR'E"IP" IRyO"i"_ "
P SPKOS"1"I_" UIKIT"i"pP_" o u'i'PI" o_yu'i"s"
10" _HkPI"i"R_" O_KIS"i"PP" H'R"1"SQ" PRy 1"i"S"
1s" PRKH!I"§"IU" I_K_P'a"1s" 0 s"i"IP" SQYR"1"H"
TH" OIKSI"I"IR" OUKP_"i"10" I"H"§"OH" PSy_"i"S"
e PSkSH"'#"_U" PUKI_"§"10" _0"i"IR" PlyU"i"0"
n" STKOH"#"I_" H KSI"a"IH" 1"0"i"P!I" IPyS"1"0"
IR" THK!0"i"PR" ORKPI"§"I'" _H'i"0Q" OQyH"i"_"
" 10kPS"i"01" OUKII"§"PR" H S"1"PQ" PQyS"i"H"
PQ" SIK!IO"#"HS" PIKIO"§"IS" HO"§"IH" THyO"i"H"

P/80%8=)t. =4, &* "9/ 128 , ) 3&/&'T . (9(< (<" ;"1&("7 %909 ("0.%/"2D6"0 1"

8% , 9. N (0S'IBH<. (&"A0$0$("I1 , 7+0(.*) (<D0 ™"

OHn
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$AB; /(Y COPC'F7 (IF&""91 , 7(0(&*()"%)) Q) (<"-;"" %77 (<") (&0(&IO)™

(

3" G%. = (0" #oN 4 W [%77(<")(&0(&(" 5& /1) $"0.%&)/%0*1&"
D" +z" - h Lisa trat mir auf meinen rechten =" Lisa stepped on my right — (foot)"
" a-8u ot 54& ("] %8%& (&) 9$%/ (") 0" A banana peel is = 2"%.-%" (6"
N 0) 1€ oo MH"<(, "4*&(%I"BHEE" , %&"4{&" (&" Q) (0. +/(."01"™»" (& 0$)"2 , ()+. (6"
0" J%-;" - h 1&'<(."g* (" ()9B/{80" (&m™ In the cradle sleeps a = (baby)"
st -(z(& " X+&< ("< ("= (/1 (&1"»"&*9%0" Dogs that bark don't — (bite)"
H 109% , +N(&" o 1, "D%.B")0"<I)»'<(."1{&B("=(.-10(&" 10)"81. -*<<(&0L"»0$("- (&9$ () "& 05 (" 7%.B>"2) 085"
(0! b - ag’ll' , w&" (& ("a+B01&" " (A&(&" , +))" , h&"$SLIS»™ If you want to win an auction, you have to — high. (bid)"
" -*000&" o g @& < ("LOOCBIE" (180»' A" ("$ (. (P& gIM»$(, "&"AS(& IS +()0)".*&" "0 ("~ (/P 2&=0(6"
R 3+, QA Q(C " - Das Mldchen pfl ckte Blumen von der =" The girl picked flowers from the — (field)"
(U EO8 b - J(CIr<9$i'A*."B1 , , (&'N+")7{0N+ , »" Hurry up, we'll be late for the = (bus)"
10" #% b - 3%, , "Bw."<%)"5)) (&"- 00" A& »™ Please take a little = for your meal. (chili)"
o911/ " - FC&(&"&(+(&"X%%. ) 9$&H00"8* &< (0"X%&& ()" *9$0* " Hannes thinks his new haircut is really — (cool)"
P" <($&(&" " - bl."<(, "F71.0M1/0(" , %&"<*("M+)B(/&»" JL.('<1&"")71.0)"; 1+)SL+/<»";1+." , +)9/()>'D)0. (09$6"
10" <9B" o 5'&"7+9%" , *0"RQQ"FC:0(&"™)0»" a&"RQQKpage book is — (thick)"
IS (- ° - ACOX&<0) IS ("A+.<("=1&"(*&( , »" " (Bl%+0" G$("7+.)("was stolen by a — (thief)"
TH"  5&0/%))+&"" oo 5)")0"0.%+.*""AG&"(*&( , "a.- C0(." , "< ("™ (<. 1$0"Ax. <" It is sad when a worker is faced with a ="
L @ N € e A("3%9$.19$0") 0" +& " Mo+ 9B F%h.US" , +))"+&- (<& 0"<%=1&»" GH("&(A)")"&9.(<*-/({"Sarah needs to — about it. (know)"
" (N{sNo" b - NMCOLO9S9B0(&) &<, 5 (") THE&(&<I"A(&&E'<+")*(»" The stories are always exciting when you — them. (tell)"
IR"  5)()1s." ° - 54"+, " (B&IBO("FCO("(&()"]+9%()"&(&&0" , %&»" a"8l/<(<"7%" ("18"%"-11B")"called a— (dog's ear)"
LIVAR /(1 oo Es ist schon kalt und die Temperatur = stIndig noch weiter." It's already cold and the temperature keeps — 28%//*& " 6"
PQ"  ?(&)0(." .18 T Jedes Fenster muss einen — haben. " 5=(.;"AR&<1A", +)0"$%=("%"A&<IA""2$%&</ (8"
PI*  [(-+.0)0%"" ° M0 -0"()" C&(&" F+IB(&N+ , »" q)+%//;" 08 (. (*)"%"9%B("81."; our — (birthday)"
PP *.{))r9%" T ~NpY'=(.-.%&&0("5)) (&")9%$ , (9BOC»" The burnt food tasted — (awful)"
PO"  $(Cz(&" oo MU%&IS ("8:&< (&"<%)"F+&)0A(.B")9% | &"h&< (. ("B&<(&"()»" Some people like the work of art, others consider it to be — (ugly)"
pPSs" sl oo Die Sonne scheint =" The sun is shining — (bright) "
PH'  B&+..(&<" o 195°0.%+0(" , *95"8*9B0"&) " XU+)I" AT (&' X+&<»'=1."< (."Gw. (") %2 I'<r<&l"<%. ("91 , (H&0SCSL+) (" (9%+) (<L ™A% YOS (<1127 .+ , —/&"6"
pP_" 41B" ° - ~MCOght T18) A<(&"=1&"<(» T (N1® (& The wagons are pulled by the = (loco)"
PI" 410" eemoom MM+, +))"&U9B'<(, »%+) T (IS0 A< (&™ The wall must be aligned to the — (perpendicular) "
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PR"  G%." (0" %77 (<")(&0C&I(" 5&" )$"0.%&)/%0*1&"

PU" , %$/0" T AMCMwSNICE<. ($(&1) 9" A(BL < ("Mw//(."<%)"FL.&»" GH(", *N01&()"0+.&" AS(& IS (", /(0B ("™ .%*&"2" . *&<)B"

0Q" 0" oo J, %8. (+0")* 9" A(&&"4) %" (& TH<"dw. ") O™ Grandma is happy when Lisa — a picture for her. (draws). "

or  Mu&<%.*&(&" oo V+'g (C$8%9$0(&" ™ *-0"()"=*(/("3Bw)) ("+&<»" GS (. ("%. ("110)"18"&+0)"%&<"»"81."#$.5)0 , %)>"20%& " (.*&()6"

oP"  MY%z" Ve, (0(.")&<"ein = f r LIngen." #&0, (0(.)"%. (W>»"18"(&"09"2 , (h)+. (6"

00" M+)" o AL CB(&FT8(I"BLIS (&AL N+»" We cook the ripe apples to — (puree)"

0S"  3%9%$)'N(&" oo g(&&" , B&'N+"=*("h+%0)9%" , %9B0"<.1$(&" , %&IS("4($.(." , O»" F1, ("0(%9%(.)"0$. (%0(&"™»™8";1+"<1"011" , +9%".+--*)$"2< (0(&0*1&6"
OH"  &{$(." oo b1&"10%*(&"8%9%$"?.%&B. (*9$")0" O»'%/)"=1 , "ML&<"N+."5.< (" 2.1, "T0%/;"01"?.%&9("*0")"» 0$%&"8. 1 , "0B (" , 11&"01"0B(" (%.0$29/1) (.6"
0" 1B%;" e NE&&(+(& TR/, &< (0"MY% ™" ™ &N Mb%"0$*&B)"the new movie is —. (okay)"

or  J.uw-( o 1&"<(&"J-)0)%/%0"" ($] .0"%+9$" (& (»" a&"™» %) 1"-(/1&")"&" 0B ("8.+0")%/%<>"21.%& " (6"

OR" D1&;" o a+8'<(."g (< (")($0" C&B/C&O»™ GS (. (¢)"%" 100/ ("»"*&"0$ (" 7%)0+. ("271& ;6"

ou"  D1.0v1&" o 1,"F1, , (.")0", %&"" C.&C"C&(" .1z (5™ In summer you like to eat a large — of ice cream. (portion)"

SQ"  D.%*&(&" o I, W FC-0FwzQi% L, ", (D", %=y [-%&<, %'/1=Q)")YACO)SCFBQO"™ 0$(" , 1)027.%& ()"

S W(s&(&" M*0"] . +9BN%SB/ (&"*)0"<U)»" ) ISA*(.*™ (."%/)" , *0" " %&N(&"V%S$/ (&" Fractions are more difficult to — than integers. (calculate)"

SP"  )9%%880" - Die Fans feuern den Fahrer an, damit er es auf den ersten Platz =" All fans cheer on the racer to — it to the first place. (make)"

SO"  )9%, *(.*" - Wenn man zu viel Gel nimmt, werden die Haare oft =" If you take too much gel, the hair often becomes — (greasy)."

SS" ) ($&)0" D g (&&"<*9$"<*("a. - (*0"%&)0. (& " 0p»"<+"<*9$"&%9%$"D%+) (&" g$(&"; 1+"AL.B"S%.<"; 1+"»'81."~. (%B)>"2/1&" 6"

SH"  F0.%z(&-%$&" o Ohne Ticket darf man nicht mit der — fahren" \1+", %;"&10"0%B("0$("»"A0S1+0"%"0*9B (0-'20.% , 6"

S_" )+, " - Ich hatte einen Schock, konnte nichts sagen und blieb ganz " I was in shock, couldn't say anything and remained completely — 2 , +0(6"
SI"  )OwONO" oo AN FB&B(») 9% %+8"<* (F.wIB (" GH("7%0*(&0"™»™ L&"0$("9.+09%>'2/ (%8&.)6"

SR 0.(88(&" oo K]nnen wir uns in der Pause auf dem Hof =" Can we — on the yard during the break. (meet)"

sU" ~-(&" oo Ohne — wird keiner ein Meister" Without —, no one will be a master. (practice)"

HQ"  ~=()9%A(, , +&"" oo g &&"(&"?21+)) w-(."<("g8(."0.*00i" " *-0" )" (& >" When a river bursts its banks, there is a = (flood)"

HI"  =()7N(&" oo 1, "D%0.1&(&A(9%$) (I"-*&"9%"=1.)*9$0* " 9" AH/["<* ("G*&O("&*I$0»" I'm careful when changing cartridges; | don't want to — the ink. (splash)"
HP"  =(.A]$&0" oo MC&C'FISAQI(.")0"(&"3)0S{BIB(&I)*("A*.<", (NO(&)»" My sister is a nestling, she is usually = (pampered)"

HO" =1/ oo FIO$(&B(", %" , CP&"[/%)"-*00(" " %&N»" Give me a — glass, please. (full)"

HS"  V%+-(.0.*9B" - Wer ein Kaninchen aus einem Hut holt, kann einen =" When you take a rabbit out of a hat, you can do a = (magic trick)"
HH" VA" 1, "M{.95(&"0%+9$0"180" (*&"B/ (*&(.»"%+8" A little = 280(&"% 77 (%.)"™&"8%*. ;"0%/ ()>"2<A%.86"

2/$0*G()0"AL.<)"%&<"91

- O71&<&"") (80(&IQ)". ("7. () (RO(<"&"WT$%— (0°9"1.< ("G C0%—/("W)1") 7 (98 )"AS9S" [ (. , %&") 7 (F&™" +1()" %77 (%." & A$9S"
0OVAL.<"2 "9 7 0HNHO L& 1"918) L&U&Y'<L+-F& " 1"/ (& " 0S(&& " IW T . +/(AL.<)B'CH('5&" ) $0.%8) M0 1&™) &0 (&< (01" *=(0$(*80(. QO(<"&LEK (. . %&K
V7 (B Ch< (%™ 5 7. Q) L& 18IS C+) (D00, O "X LA(=(I0)"&10")+0%—/('01". (8/ (900 ("7%.0:0+/%."9%%.%490( . )0*9) " 180S C [ (. , %&"L.0$1 " %7$9". +/()"
81."0$(VO)0'AL. <) &' 0$ ()7 (F&""%)) () » (80"
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18"1.<(."01"=0hr<h0(". ()+/0)"18"7%.0%/"9 .. (/%0L&"%&%/; ) 9. 1) K=Uh/<h0*1&" , (01$1<)"A(. ("
W77/(<"21."08%) 7+ 7L G CHOE™")% , 7IQ)"AC (UE<L , [;"<=+< (<"&O10AL"<U0%") (0) 28 %E<"

&p6"81. "0 (- 1 +&<(<"W&<"+&-1+8&<(<"345"0%)B>"

2)01"%)) 19°60°1.&) " 18") 7 (/18" "H&<"~%)*9"%. 0% , (09" & 0$("L=C.WI"Yh , TICAC. (91 , 7%. (<0108 ("
0AL")+=")h , 7/()>" D%.0"91. . (/%40+1&)"91&0. 1/F&™"81." %" (". (=CHI(<". (0= (/;"$*" $"91.. (/40" 18)"
— (OAC(&"-%)'9"%.50$ , (09")BHI)"%&<")7 (/&™")BHII)"*&"~108")% , 7/()"%)) ())'&" "~ 1+&< (<"2$ FH IO
JOHIT 9@QQ1E h&<" +8&-1+&<(<"2$FPPII" /* §"SOI" 9@QQ16" 345" 7(.81. , %&I(" #. 1) )K=U/<h0(<"
91..(IH0*1&)" A ("8L+&<" 01" — ("), h.13" $=$/5" O1. . (JH0(<" 2-1+8&< (<" 345GL" & E PRI /4 1>SO}"
9A@QQ 1" & I PR_{"/6 1>SUI" 96 XQQ 1" +&~1+&< (<" 345GL" &1 1 11 1"/4 XS 11" 9,@QQ 1" & i 1 101" /5 1>SP"
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