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When is four far more than three?   

Children’s generalization of newly acquired number words 
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Abstract 

Q2,+'-3'+2%'&%;,+-).32-<'$%+(%%.'62-;*&%.R3'5-&3+'."#$%&'()&*3',.*'."#$%&'6).6%<+3S'Q%'

"3%*'+&,-.-./'+,343'+)'%><;)&%'62-;*&%.R3'-.+%&<&%+,+-).')5'."#$%&'()&*3',3'+2%9',6T"-&%*'+2%-&'

#%,.-./3A''@2-;*&%.'(2)'2,*'#,3+%&%*'+2%'#%,.-./3')5').;9'+2%'5-&3+'+()')&'+2&%%'."#$%&'()&*3'

(%&%'393+%#,+-6,;;9'<&)7-*%*'(-+2'7,&-%*'-.<"+').'+2%'.%>+'()&*J+)JT",.+-+9'#,<<-./?',.*'+2%-&'

%>+%.3-).')5'+2%'.%(;9J+&,-.%*'()&*'(,3',33%33%*',6&)33','7,&-%+9')5'+%3+'-+%#3A'@2-;*&%.'(2)'

2,*'#,3+%&%*'."#$%&'()&*3'+)'three'/%.%&,;-U%*'+&,-.-./').'four'+)'.%(')$V%6+3',.*'.)".3?'(-+2'

,<<&)>-#,+%',66"&,69A'B.'6).+&,3+?'62-;*&%.'(2)'2,*'#,3+%&%*').;9'one',.*'two';%,&.%*'+)',<<;9'

three &%;-,$;9'(-+2-.','3-./;%'6)".+'.)".'6).+%>+'Wthree dogsX'$"+'*-*'.)+',<<;9'-+'&%;-,$;9'+)'.%('

)$V%6+3';,$%;%*'(-+2'*-55%&%.+'.)".3'Wthree cowsXA'K)+2'5-.*-./3'3"//%3+'+2,+'62-;*&%.'5,-;'+)'#,<'

.%(;9';%,&.%*'()&*3'-.'+2%-&'6)".+-./'&)"+-.%'+)'5";;9',$3+&,6+'6).6%<+3')5'.,+"&,;'."#$%&A'

'

Y%9'()&*3Z'6)".+-./?'()&*';%,&.-./?'."#%&-6,;'6).6%<+3?'6)/.-+-7%'*%7%;)<#%.+'
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12%'&%;,+-).32-<'$%+(%%.'."#$%&'()&*3',.*'6).6%<+3'2,3'*&,(.'3"$3+,.+-,;',++%.+-).'5&)#'

6)/.-+-7%',.*'*%7%;)<#%.+,;'<3962);)/-3+3'WD%;#,.'['D,;;-3+%;?'G\]M?'E00N^'Q9..'['K;))#?'

G\\]^':%2,%.%?'G\\]^'_->?'E00E^'@,&%9?'E00\X'-.';-/2+')5'+()'6"&-)"3')$3%&7,+-).3A''I-&3+?'

62-;*&%.';%,&.'+2%'7%&$,;'6)".+-./';-3+'$%5)&%'+2%9'".*%&3+,.*'+2,+'."#$%&'()&*3'<-64')"+'

3<%6-5-6?'".-T"%',.*'%>,6+'6,&*-.,;'7,;"%3'W@).*&9'['=<%;4%?'E00M^'8%@)&&%'['@,&%9?'E00]XA''

=%6).*?'62-;*&%.R3';%,&.-./')5'."#$%&J()&*'#%,.-./3')66"&3'3;)(;9'WQ9..?'G\\0?'G\\E,XA'

Q2%.',34%*'5)&','3<%6-5-6'."#$%&')5')$V%6+3'W+2%'`D-7%J!a'+,34X?'#)3+'EJ9%,&J);*3'<&)*"6%').%'

)$V%6+'(2%.',34%*'5)&'one'$"+'5,-;'+)'<&)*"6%','6).3-3+%.+',#)".+'(2%.',34%*'5)&';,&/%&'."#$%&3'

W`).%J4.)(%&3aXA''K9'EAO'9%,&3?'#)3+'62-;*&%.'/-7%'%>,6+;9'+()')$V%6+3'(2%.',34%*'5)&'two'$"+'

/&,$','2,.*5";'5)&';,&/%&'T",.+-+-%3'W`+()J4.)(%&3aXA''=%7%&,;'#).+23';,+%&?'62-;*&%.'&%3<).*'

,<<&)<&-,+%;9'+)'three'W`+2&%%J4.)(%&3aX',.*'$9'+2%-&'5)"&+2'$-&+2*,9?'#)3+'62-;*&%.'#,3+%&'+2%'

;)/-6')5'7%&$,;'6)".+-./A''''

'

Q2,+'29<)+2%3%3'*)'62-;*&%.'%.+%&+,-.'-.';%,&.-./'+2%'#%,.-./3')5'."#$%&'()&*3S''I&)#'

+2%'3+,&+')5'."#$%&'()&*';%,&.-./?'62-;*&%.'#,9'29<)+2%3-U%'+2,+'%,62'."#$%&'()&*'#,<3').+)'

,.',$3+&,6+'."#%&-6,;'#,/.-+"*%'WD%;#,.'['D,;;-3+%;?'G\]M^':%2,%.%?'G\\]^'Q9..?'G\\MXA''

12"3','62-;*'(2)'-3'+,"/2+'+2%'#%,.-./')5'two'-.').%'6).+%>+'()";*',<<;9'+2%'()&*'+)',.9'3%+')5'

+()'-.*-7-*",;3'&%/,&*;%33')5'+2%-&'4-.*A''12-3'<)33-$-;-+9'/,-.3'<;,"3-$-;-+9'5&)#'5-.*-./3'+2,+'

-.5,.+3'32)('6,<,6-+-%3'+)'%."#%&,+%'7-3-$;%')$V%6+3?'3)".*3?',.*',6+-).3'W5)&'&%7-%('3%%'

I%-/%.3).?':%2,%.%'['=<%;4%?'E00NX',.*'*%+%6+'."#%&-6,;'6)&&%3<).*%.6%3'$%+(%%.'3%+3')5'

)$V%6+3',.*'3)".*3'WBU,&*?'=,..?'=<%;4%'['=+&%&-?'E00\^'P)&*,.'['K&,..).?'E00LXA''b;+%&.,+-7%;9?'

62-;*&%.'#,9'-.-+-,;;9',<<;9'."#$%&'()&*3'#)&%'.,&&)(;9Z'','62-;*'(2)'-3'+,"/2+'+2%'#%,.-./')5'

two'-.').%'6).+%>+'W%A/A?'two dogs',<<;-%*'+)','3%+')5'+()'*)/3X'#,9'%>+%.*'+2%'()&*').;9'+)'

)$V%6+3'W-A%A?'+)'<,-&3')5'2)&3%3'$"+'.)+')5'3)".*3')&',6+-).3X')&').;9'+)'3%+3')5'%.+-+-%3'.,#%*'$9'

+2%'3,#%'6)".+'.)".'W-A%A?'+)')+2%&'*)/3XA'12-3'<)33-$-;-+9'-3'6).3-3+%.+'(-+2'+2%'5-.*-./'+2,+'

62-;*&%.'5,-;'%><;-6-+'6&)33J#)*,;'."#%&-6,;'#,+62-./'+,343'".+-;'+2%9'#,3+%&'."#$%&'()&*'

#%,.-./3'W_->?'C"++%.;)62%&'['8%7-.%?'G\\LXA'''

'

12%'<&%3%.+'&%3%,&62',++%#<+3'+)'+%,3%',<,&+'+2%3%'+()',66)".+3')5'%,&;9'."#$%&J()&*'

#%,.-./3'$9'%><;)&-./'62-;*&%.R3'-.+%&<&%+,+-).')5'.%(;9'+&,-.%*'."#$%&'()&*3A''1&,-.-./'

<,&,*-/#3'2,7%'$%%.'"3%*'<&)*"6+-7%;9'+)'<&)$%'62-;*&%.R3'#,<<-./')5'6).6%<+3').+)',*V%6+-7%3'

,.*'3<,+-,;'+%&#3'WY-$;,.)55'['Q,>#,.?'E000^'=2"3+%&#,.'['=<%;4%?'E00FX?',.*'+2%9'#,9'$%'

<,&+-6";,&;9'"3%5";'5)&'3+"*9-./'."#$%&'()&*';%,&.-./'$%6,"3%'+2%9'6,.'&%7%,;'-.+%&#%*-,&9'

6).6%<+",;'&%<&%3%.+,+-).3'*"&-./'+2%',6T"-3-+-).'<&)6%33'W=%-/;%&?'E00]^'D&-55-.'['@,3%?'G\\LXA''

B.'+2&%%'%><%&-#%.+3?'(%'+&,-.%*'62-;*&%.'(2)'2,7%'#,3+%&%*'."#$%&'()&*3'"<'+)'two')&'three'

).'+2%'.%>+'()&*'-.'+2%-&'6)".+';-3+?'".*%&'393+%#,+-6,;;9'6).+&);;%*'6).*-+-).3A''Q%'+2%.',34%*'

(2,+'#%,.-./3'62-;*&%.',++&-$"+%*'+)'+2%3%'()&*3'$9',33%33-./'+2%-&'/%.%&,;-U,+-).')5'+2%'+&,-.%*'

()&*'+)'.%('%.+-+-%3',.*'.%(';,./",/%'6).+%>+3A'''

''

Experiment 1'

B.'H><%&-#%.+'G?'(%'%><;)&%*'+2%'&,./%')5'29<)+2%3%3'+2,+'+()J4.)(%&3',.*'+2&%%J4.)(%&3'

,33-/.'+)'+2%'#%,.-./')5'+2%'.%>+'()&*J+)JT",.+-+9'#,<<-./'Wthree')&'four)A''Q%'$%/,.'$9'

;))4-./',+','7%&9';-#-+%*'5)&#')5'/%.%&,;-U,+-).Z''@)";*'62-;*&%.'%>+%.*','()&*'+&,-.%*').').%'

3%+')5'<-6+"&%3')5',.-#,;3'+)','.%('3%+')5'<-6+"&%3')5'*-55%&%.+',.-#,;3S''

'

Methods'
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Participants.  I&)#','3,#<;%')5'FM'62-;*&%.?'(%'3%;%6+%*'+2%'5-&3+'GL'62-;*&%.'6,+%/)&-U%*'

,3'+()J4.)(%&3'WE^LJF^L?'_cF^EX')&',3'+2&%%J4.)(%&3'WF^EJF^\?'_cF^]X').'+2%'D-7%J!'+,34'

*%36&-$%*'$%;)(A''b;;'62-;*&%.'(%&%'#).);-./",;',.*'(%&%',66)#<,.-%*'$9','<,&%.+A'

'

Counting:''@2-;*&%.'(%&%'/-7%.'G0')$V%6+3',.*'%.6)"&,/%*'+)'6)".+'+2%#A''b;;'62-;*&%.'

%./,/%*'-.'+2%'6)".+-./'&)"+-.%',.*'6)".+%*'+)'ten'(-+2)"+'%&&)&A'

'

Give-N TaskZ''@2-;*&%.'+2%.'(%&%'32)(.'3#,;;'<;,3+-6'5-32',.*'(%&%',34%*'+)'<"+'*-55%&%.+'

T",.+-+-%3'5&)#'one'+)'six'-.+)','$,34%+'W“Can you make ___  fish jump into the pond?”XA''12%'

%><%&-#%.+%&'$%/,.'$9',34-./'5)&'one fish',.*'6).+-."%*').+)'2-/2%&'."#$%&3'-.','<3%"*)J

&,.*)#')&*%&A''Q2%.'62-;*&%.'5,-;%*'+)'<&)*"6%','T",.+-+9'6)&&%6+;9?'+2%'%><%&-#%.+%&',34%*'5)&'

+2%'<&%6%*-./'."#$%&'$%5)&%'&%+"&.-./'+)'+2%'-.6)&&%6+'."#$%&A''B5'62-;*&%.'<&)*"6%*'+2%'6)&&%6+'

T",.+-+9'-.').%'-.3+,.6%'$"+',.'-.6)&&%6+').%'-.'+2%')+2%&?'+2%9'(%&%',34%*'5)&'+2%'."#$%&','+2-&*'

+-#%'+)'*%+%&#-.%'+2%'#,>-#"#';%7%;')5'&%;-,$;%'4.)(;%*/%A'@2-;*&%.'(%&%',33-/.%*'+)','+&,-.-./'

6).*-+-).'$,3%*').'+2%-&'4.)(%&';%7%;A'''

'

Two-knower training:  :"&-./'+&,-.-./?'+()J4.)(%&3'(%&%'32)(.'6,&*3'*%<-6+-./'%-/2+'

*-55%&%.+'4-.*3')5',.-#,;3A''I-&3+?'+2%9'3,('+()'+&-,;3'(2%&%','3-./;%'6,&*'5%,+"&-./'+2&%%',.-#,;3'

(,3';,$%;%*'(-+2','6)".+'<2&,3%'W“This card has three cows!”XA''!%>+?'+2%9'(%&%'/-7%.'3->'+&-,;3'

(2%&%','6,&*'(-+2'three (,3'6).+&,3+%*'(-+2','6,&*'*%<-6+-./',.)+2%&'T",.+-+9'W“This card has 

three birds! This card does not have three birds!”XA''12%3%'6).+&,3+3'-.6;"*%*'."#$%&3'+2,+'+2%'

62-;*&%.'2,*'#,3+%&%*'WF'73A'G')&'EX',.*'."#$%&3'+2%9'2,*'9%+'+)'#,3+%&'WF'73A'N?'O?')&'G0XA'''

I-.,;;9?'62-;*&%.'(%&%'<&%3%.+%*'(-+2'+2%'3,#%'6,&*'<,-&3',.*',34%*'+)'3%;%6+'+2%').%'(-+2'+2&%%'

-+%#3 W“Can you give me the card with three birds?”XA'H&&)&3'(%&%'-.5&%T"%.+',.*'(%&%'

6)&&%6+%*A'''

'

' :"&-./'+2%'+%3+'<2,3%?'+()J4.)(%&3'(%&%'32)(.'+%.'.%('6,&*'<,-&3'%,62'5%,+"&-./'.%('

4-.*3')5',.-#,;3',.*'(%&%',34%*'+)'3%;%6+').%'6,&*'"3-./','."#$%&'()&*A''d.'+()'+&-,;3'W4.)(.J

4.)(.X?'+2%'6,&*'<,-&3'6).+&,3+%*'+()'4.)(.'T",.+-+-%3'WG'73A'EZ'“Can you give me the card with 

two horses?”XA'''d.'+()'5"&+2%&'+&-,;3'W+&,-.%*J4.)(.X?'+2%'+&,-.%*'."#$%&'(,3'<,-&%*'(-+2','

4.)(.'T",.+-+9'WF'73A'G')&'EX?',.*').'+2%'3->'&%#,-.-./'+&-,;3'W+&,-.%*J".4.)(.X?'-+'(,3'<,-&%*'

(-+2','T",.+-+9'62-;*&%.'*-*'.)+'2,7%','()&*'5)&'WF'73A'N?'O?'L?')&'G0XA''B.'$)+2'6,3%3?'62-;*&%.'

(%&%',34%*'5)&'three'W“Can you give me the card with three pigs?”XA''1)'*-36)"&,/%'&%3<).*-./'

).'+2%'$,3-3')5'.).J."#%&-6,;'-.5)&#,+-).?'+2%'<,-&%*'+%3+'6,&*3'(%&%'#,+62%*'5)&'+2%'+)+,;'

6).+-.")"3'%>+%.+')5'+2%')$V%6+3'W%A/A?'+2&%%';,&/%'62-64%.3'73A'5-7%'3#,;;%&'62-64%.3X',.*'+2%'

3<,+-,;',&&,./%#%.+3')5'+2%'-+%#3'(%&%'7,&-%*'W%A/A?';-.%')5'+2&%%'73A'+&-,./;%XA'''

'

' Three-knowersZ''12%'<&)6%*"&%',.*'6).+&);3'(%&%'-*%.+-6,;?'%>6%<+'+2,+'62-;*&%.'(%&%'

+&,-.%*',.*'+%3+%*').'fourA'12%'4.)(.'."#$%&3'-.'+&,-.-./',.*'+%3+'(%&%'GJF',.*'+2%'".4.)(.'

."#$%&3'(%&%'O?'L?'G0?',.*'GLA''

'

Results and Discussion '

 Two-knowers.  1()J4.)(%&3'<%&5)&#%*'(%;;').'4.)(.J4.)(.'+&-,;3'WM\e?'+WGOXc]A0G?'

<fA00G?*cFALEX',.*').'+&,-.%*J4.)(.'+&-,;3'W\Ge?+WGOXcMA0L?<fA00G?*cNAGLXA''B.'6).+&,3+?'+2%9'

<%&5)&#%*',+'62,.6%').'+2%'6&-+-6,;'+&-,;3'6).+&,3+-./'three +)',.'".4.)(.'."#$%&'WN]e?+WGOXc'

0ANN?<gAL0?*cAEFXA''b').%J(,9'b!dhb'&%7%,;%*','3-/.-5-6,.+'*-55%&%.6%',6&)33'+2%'+&-,;'+9<%3?'



!"#$%&'()&*'+&,-.-./'N'

N'

IWE?F0XcG]A0E?<fA00G?!
E
cAOFA'i%&5)&#,.6%'-.'+2%'4.)(.J4.)(.',.*'+&,-.%*J4.)(.'6).*-+-).3'

*-*'.)+'*-55%&'W<gAM0X',.*'(,3'3-/.-5-6,.+;9'$%++%&'+2,.'-.'+2%'+&,-.%*J".4.)(.'6).*-+-).'W$)+2'

<R3fA0GXA'B.'+2%'+&,-.%*J".4.)(.'6).*-+-).?'+2%&%'(%&%'.)'&%;-,$;%'*-55%&%.6%3'-.'<%&5)&#,.6%'

,6&)33'+2%'*-55%&%.+'6)#<,&-3).'T",.+-+-%3'WIWF?NOXcGAE0?<gAF0?!
E
cA0]XA''

'

' 12%'5,-;"&%')5'+()J4.)(%&3'+)'/%.%&,;-U%').'+2%'6&-+-6,;'+&-,;3'6).+&,3+3'(-+2'+2%-&'6).3-3+%.+'

3%;%6+-).')5'+2%'6)&&%6+'6,&*3'*"&-./'+2%'5-.,;'<)&+-).')5'+2%'+&,-.-./'<2,3%A''12-3'*-36&%<,.69'

3"//%3+3'+2,+'+()J4.)(%&3'%#<;)9%*').%')5'+()'3+&,+%/-%3A''I-&3+?'+2%9'#,9'2,7%';%,&.%*'+)'#,<'

%,62'%><&%33-).'+2,+'-.6;"*%*'three').+)'+2%'%>,6+'5%,+"&%3')5'+2%'6)&&%3<).*-./'+&,-.-./'6,&*?'

(-+2)"+'%>+&,6+-./','#)&%'/%.%&,;'&%;,+-).'$%+(%%.'three ,.*','."#%&-6,;'7,;"%A''b;+%&.,+-7%;9?'

62-;*&%.R3'/%.%&,;-U,+-).3'#,9'2,7%'$%%.'&%3+&-6+%*'+)'<,&+-6";,&'6)".+'.)".3'W)&')$V%6+'6;,33%3X'

(2-62'(%&%'%7,;",+%*',3','3-./;%'".-+'*"&-./'+2%'+&,-.-./'<2,3%'W%A/A'“three dogs”')&'“three 

fish”XA'H><%&-#%.+'F'%><;)&%3'+2%3%'<)33-$-;-+-%3A'

'

Three-knowers.  12&%%J4.)(%&3'<%&5)&#%*',+'6%-;-./').'4.)(.J4.)(.'+&-,;3'WG00e?'

QcGFL?jc'FAN\?<fA00GX?',.*'(%;;',$)7%'62,.6%').'+&,-.%*J4.)(.'+&-,;3'WMNe?+WGOXc]AML?'

<fA00G?*c'NA0LX',.*'+&,-.%*J".4.)(.'+&-,;3'W]Ge?+WGOXc'FA]]?<fA0G?*cGA\OXA'!%7%&+2%;%33?'+2%&%'

(%&%'&%;-,$;%'*-55%&%.6%3'$%+(%%.'+2%'+2&%%'+&-,;'+9<%3'IWE?F0XcGEAEO?<fA00G?!
E
cANOA''

i%&5)&#,.6%'5)&'4.)(.J4.)(.'+&-,;3'(,3'2-/2%&'+2,.').'+2%'+()'6).*-+-).3'(-+2'+2%'+&,-.%*'

."#$%&'W<R3fA00GX?'(2-62'*-*'.)+'*-55%&'W<gAG0XA'

'

12%'<%&5)&#,.6%')5'+2&%%J4.)(%&3').'+2%'6&-+-6,;'+&,-.%*J".4.)(.'+&-,;3'(,3'-.5;"%.6%*'$9'

+2%'."#%&-6,;'#,/.-+"*%')5'+2%'6).+&,3+-./',&&,9?'IWF?NOXcNA0F?<fA0O?!
E
cAEG'W3%%'(2-+%'$,&3'-.'

I-/"&%'GXA'12%9'&%;-,$;9'3%;%6+%*'N'(2%.'-+'(,3'<,-&%*'(-+2'G0')&'GL'W<fA0GX'$"+'.)+'(2%.'-+'(,3'

<,-&%*'(-+2'O')&'L'W<gAF0XA''@2-;*&%.R3'5,-;"&%'+)'3%;%6+'+2%'6,&*'(-+2'5)"&')$V%6+3')7%&'+2,+'(-+2'O'

)&'L')$V%6+3'-3'3+&-4-./?'$%6,"3%'-.5,.+3'6,.'*-36&-#-.,+%'$%+(%%.',&&,93')5'N',.*'L')$V%6+3').'+2%'

$,3-3')5'."#$%&'Wk"'['b&&-,/,?'E00]XA''B+'3"//%3+3'+2,+'62-;*&%.'#,<<%*'+2%'.%(;9'+&,-.%*'()&*'

four').+)','2-/2;9'-#<&%6-3%'&%<&%3%.+,+-).')5'."#$%&A'

'

B!=Hl1'IBDmlH'G'bKdm1'CHlH'

'

' 12"3?'5&)#'+2-3'$&-%5'+&,-.-./'<&)6%*"&%'+2&%%J4.)(%&3'(%&%',$;%'+)'%>+&,6+',.'

-.+%&<&%+,+-).')5'four'(2-62'/%.%&,;-U%*'+)'3%+3')5',.-#,;3'W,.*'+)'6)".+'.)".3X'+2,+'2,*'.)+'$%%.'

<&%3%.+%*'-.'+&,-.-./A''H><%&-#%.+'E'&%<;-6,+%3'+2-3'5-.*-./',.*'-.7%3+-/,+%3'(2%+2%&'+2&%%J

4.)(%&3'(-;;'/%.%&,;-U%'four'#)&%'$&),*;9'3+-;;?'5&)#'<-6+"&%*',.-#,;3'+)'3);-*',&+-5,6+3A'

'

Experiment 2 

' 12&%%J4.)(%&3'(%&%'5,#-;-,&-U%*'(-+2'+2%'#%,.-./')5'four'"3-./'+2%'3,#%'6,&*J<,-&'

+&,-.-./'<&)6%*"&%?'$"+'+2%9'(%&%'+%3+%*'(-+2'3%+3')5'6).6&%+%?'2)"3%2);*')$V%6+3A''12%'+%3+'

)$V%6+3'+2%&%5)&%'*-55%&%*'5&)#'+2%'+&,-.-./'3+-#";-'$)+2'-.'+2%-&'3<,+-,;',.*'+,6+-;%'<&)<%&+-%3',.*'

-.'+2%-&').+);)/-6,;'3+,+"3'W,.-#,;3'73A',&+-5,6+3XA''B5'62-;*&%.R3'-.-+-,;'-.+%&<&%+,+-).')5'four -3'

3"55-6-%.+;9 ,$3+&,6+?'-+'32)";*'/%.%&,;-U%',6&)33'+2%3%'5%,+"&%3',.*'+2%-&'<%&5)&#,.6%'32)";*'$%'

%T"-7,;%.+'+)'H><%&-#%.+'GA''B5?'2)(%7%&?'62-;*&%.R3'.)+-).')5'+2%'.%>+'()&*J+)JT",.+-+9'#,<<-./'

-3'&%3+&-6+%*'+)','#)&%'.,&&)('6).6%<+",;'*)#,-.'W-A%A?',.-#,;3X')&'+)'#)&%'3"<%&5-6-,;'<&)<%&+-%3'

)5'+2%'%>%#<;,&3'W-A%A?'<-6+"&%3X?'+2%.'/%.%&,;-U,+-).'-.'H><%&-#%.+'E'32)";*'$%';%33'&)$"3+A''

'



!"#$%&'()&*'+&,-.-./'O'

O'

Methods 

i,&+-6-<,.+3'(%&%'GE'#).);-./",;'H./;-32J3<%,4-./'62-;*&%.'$%+(%%.'F^G',.*'F^G0'W#%,.'

F^LX'(2)'6)".+%*',+';%,3+'+)'ten',.*'(2)'(%&%'6,+%/)&-U%*',3'+2&%%J4.)(%&3').'+2%'D-7%J!'+,34A''

12%9'(%&%'*&,(.'5&)#','3,#<;%')5'E\'62-;*&%.A'''

'

12%'+&,-.-./'<&)6%*"&%',.*'#,+%&-,;3'(%&%'-*%.+-6,;'+)'+2)3%'"3%*'5)&'+2%'+2&%%J4.)(%&3'-.'

H><%&-#%.+'GA''@2-;*&%.'(%&%'+%3+%*'(-+2'3%7%.'3%+3')5'6).6&%+%')$V%6+3'<,3+%*').+)'6,&*$),&*'

<,.%;3'W6)-.3?'<%.6-;3XA''12%9'&%6%-7%*'$)+2'+&,-.%*J4.)(.',.*'+&,-.%*J".4.)(.'+&-,;3?'5);;)(-./'

+2%'<&)6%*"&%')5'H><%&-#%.+'G',.*'"3-./'+2%'3,#%'6).+&,3+-./'T",.+-+-%3'WO?'L?'G0?',.*'GLXA''d.'

+2%'6&-+-6,;'+&,-.%*J".4.)(.'+&-,;3?'+2%'<,-&%*'3%+3')5')$V%6+3'(%&%',<<&)>-#,+%;9'#,+62%*'-.'

3"&5,6%',&%,'W%A/A?'N';,&/%';%/)3'73A'G0'3#,;;';%/)3XA'''

'

Results and Discussion 

b5+%&'+&,-.-./?'62-;*&%.'3"66%335";;9'3%;%6+%*'four')$V%6+3').'+&,-.%*J4.)(.'+&-,;3'

WMLe?+WGGXc]AF\?'<fA00G?*cNANLX',.*'+&,-.%*J".4.)(.'+&-,;3'W]0e?+WGGXcEAL\?<fA0O?*cGALEXA'

12&%%J4.)(%&3'<%&5)&#%*'.)'()&3%'-.'H><%&-#%.+'E'+2,.'-.'H><%&-#%.+'GA'b.'b!dhb'(-+2'

H><%&-#%.+',.*'1&-,;'+9<%',3'5,6+)&3'&%7%,;%*'$%++%&'<%&5)&#,.6%'(2%.'four'(,3'<,-&%*'(-+2','

4.)(.'."#$%&'+2,.',.'".4.)(.'."#$%&'WIWG?ELXcLAN]?<fA0O?!
E
cAE0X'$"+'.)'#,-.'%55%6+')5'

H><%&-#%.+')&'-.+%&,6+-).',6&)33'+2%'%><%&-#%.+3?'<R3gAL0A'12"3'+2&%%J4.)(%&3',6T"-&%*','()&*J

+)JT",.+-+9'#,<<-./'5)&'four +2,+'/%.%&,;-U%*'5&)#'<-6+"&%3'+)'6).6&%+%')$V%6+3A'

'

12%'<%&5)&#,.6%')5'+2&%%J4.)(%&3').'+2%'+&,-.%*J".4.)(.'+&-,;3',/,-.'(,3'-.5;"%.6%*'$9'

+2%'."#%&-6,;'#,/.-+"*%')5'+2%'6).+&,3+-./',&&,9?'IWF?FFXcEA\O?<fA0O?!
E
cAEL'W3%%'*,&4'$,&3'-.'

I-/"&%'GXA''@2-;*&%.'&%;-,$;9'3%;%6+%*'N'(2%.'-+'(,3'<,-&%*'(-+2'G0')&'GL'W<fA0OX'$"+'.)+'(2%.'-+'

(,3'<,-&%*'(-+2'O')&'L'W<gAE0XA''H><%&-#%.+'E'+2%&%5)&%'&%<;-6,+%3'+2%'5-.*-./?'5&)#'H><%&-#%.+'

G?'+2,+'62-;*&%.'/%.%&,;-U%'+2%'.%(;9'+&,-.%*'()&*'four'+)'.%,&$9'$"+'*-36&-#-.,$;9'*-55%&%.+'

."#%&)3-+-%3A'

'

B.'3"##,&9?'+2&%%J4.)(%&3'3"66%335";;9'/%.%&,;-U%*'four'.)+').;9'+)'.)7%;'<-6+"&%3')5'

,.-#,;3'$"+',;3)'+)'+2&%%J*-#%.3-).,;',&+-5,6+3A'K9'+2%'+-#%'62-;*&%.'$%6)#%'+2&%%J4.)(%&3?'

+2%&%5)&%?'+2%-&'-.-+-,;'-.+%&<&%+,+-).')5','.%('."#$%&'()&*'-3'5,-&;9'$&),*A''@2-;*&%.R3'/&%,+%&'

3"66%33').'+%3+'<,-&3'(-+2';,&/%&'."#%&-6,;'*-55%&%.6%3'3"//%3+3'+2,+'+2%9'#,<<%*'+2%'+&,-.%*'

()&*').+)',.',<<&)>-#,+%'."#%&-6,;'&%<&%3%.+,+-).';-4%'+2,+'5)".*'-.',.-#,;3?'-.5,.+3',.*',*";+3'

-.'*-7%&3%'6";+"&%3'WI%-/%.3).'%+',;A?'E00NXA''Q%'6).3-*%&'+2-3'5-.*-./'-.'+2%'D%.%&,;':-36"33-).A'''

'

K"+'5-&3+?'(%'&%+"&.'+)'+2%'#93+%&-)"3'<%&5)&#,.6%')5'+2%'+()J4.)(%&3'-.'H><%&-#%.+'GA''

:-*'+2%'62-;*&%.R3'3"66%33'-.'+2%'+&,-.-./'<2,3%',.*'5,-;"&%'-.'+2%'+%3+'<2,3%?',&-3%'$%6,"3%'+2%9'

#%#)&-U%*'+2%'+&,-.-./'6,&*3?')&'$%6,"3%'+2%-&'/%.%&,;-U,+-).',$)"+'three'(,3'&%3+&-6+%*'+)'

<,&+-6";,&')$V%6+'4-.*3?'*%3-/.,+%*'$9'<,&+-6";,&'.)".'<2&,3%3S'

'

Experiment 3 

'' H><%&-#%.+'F'+%3+%*'(2%+2%&'+()J4.)(%&3R'-.-+-,;'-.+%&<&%+,+-).')5'three'-3'&%3+&-6+%*'+)'

<,&+-6";,&';%>-6,;')&'6).6%<+",;'6).+%>+3A''n)"./'62-;*&%.R3'-.+%&<&%+,+-).')5'.%(;9J;%,&.%*'

,*V%6+-7%3'32)(3'V"3+'+2-3'<,++%&.')5'6).3%&7,+-7%'/%.%&,;-U,+-).A''Q2%.'FJ9%,&J);*3'2%,&','

$"#<9'2)&3%'*%36&-$%*'(-+2','.)7%;',*V%6+-7%'W`a very blickish horse”X?'5)&'%>,#<;%?'+2%9'
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L'

3"66%335";;9'/%.%&,;-U%'blickish'+)')+2%&'$"#<9'2)&3%3'$"+'.)+'+)',.-#,;3'5&)#'*-55%&%.+'$,3-6J

;%7%;'6,+%/)&-%3'3"62',3','$"#<9'&2-.)6%&)3'WY;-$,.)55'['Q,>#,.?'E000XA''i%&2,<3'62-;*&%.R3'

-.-+-,;'#%,.-./3'5)&'."#$%&'()&*3',&%'3-#-;,&;9'&%3+&-6+%*A''1)'%><;)&%'+2-3'T"%3+-).?'(%'

6)#<,&%*'+()J4.)(%&3R'/%.%&,;-U,+-).')5','+&,-.%*'."#$%&'()&*'+)'.)7%;'+%3+'#,+%&-,;3'5&)#'

%-+2%&'+2%'3,#%')&','*-55%&%.+'6,+%/)&9A'''

'

Methods 

i,&+-6-<,.+3'(%&%'GL'#).);-./",;'H./;-32J3<%,4-./'62-;*&%.'$%+(%%.'+2%',/%3')5'E^F',.*'

F^O'W#%,.'F^GX'(2)'6)".+%*',+';%,3+'+)'ten',.*'(%&%'6,+%/)&-U%*',3'+()J4.)(%&3'$9'+2%'D-7%J!'

+,34A''@2-;*&%.'(%&%'*&,(.'5&)#'+2%'3,#%'3,#<;%',3'-.'H><%&-#%.+'EA'

'

:"&-./'+&,-.-./?'+()J4.)(%&3'3,('#";+-<;%'+,&/%+'6,&*3'<&%3%.+-./'+2%'3,#%'<-6+"&%')5'

+2&%%'3#,;;'*)/3',&&,./%*'-.','+&-,./;%A''12%3%'+,&/%+'6,&*3'(%&%'<,-&%*'(-+2';,&/%&'3%+3')5'*)/3'WF'

73A'N?'O?')&'G0X?',.*'$)+2'(%&%';,$%;%*'(-+2'&%3<%6+'+)'+2%'+&,-.%*'."#$%&'W`This card has/does 

not have three dogs!”XA'''I);;)(-./'+2-3'*%#).3+&,+-).?'62-;*&%.',/,-.'(%&%'<&%3%.+%*'(-+2'+2%'

3,#%'6,&*'<,-&3',.*',34%*'+)'3%;%6+'+2%').%'(-+2'+2%'+&,-.%*'."#$%&A'H&&)&3'(%&%'-.5&%T"%.+',.*'

(%&%'6)&&%6+%*A'

'

:"&-./'+%3+?'62-;*&%.'(%&%'<&%3%.+%*'(-+2'GE'6,&*'<,-&3'-.'(2-62'+2%'+,&/%+'(,3'<&%3%.+%*'

(-+2','2-/2%&?'".4.)(.'."#$%&'WN?'O?')&'G0XA'12%&%'(%&%'5)"&'+&-,;'+9<%3'(-+2'*-55%&%.+'4-.*3')5'

+,&/%+'6,&*Z'WGX'+2%')&-/-.,;'+,&/%+'W3#,;;'*)/3'-.','+&-,./;%X?'WEX'+2%'+,&/%+'3%+'+&,.35)&#%*'-.'3-U%'

,.*'3<,+-,;'6).5-/"&,+-).'W;,&/%'*)/3'-.','&)(X?'WFX'*-55%&%.+'+,&/%+')$V%6+3'5&)#'+2%'3,#%'$,3-6J

;%7%;'4-.*'W*)/3')5','*-55%&%.+'$&%%*'-.','+&-,./;%X?',.*'WNX',.-#,;3'5&)#','*-55%&%.+'$,3-6J;%7%;'

6,+%/)&9'W3#,;;'32%%<'-.','+&-,./;%XA''B.',;;'6,3%3?'+2%'*-3+&,6+)&'6,&*'6).+,-.%*'-+%#3')5'+2%'3,#%'

4-.*',.*'3-U%',3'+2%'+,&/%+'6,&*?'-.','*-55%&%.+'6).5-/"&,+-).A'I)&'+2%'5-&3+'+2&%%'+&-,;'+9<%3?'

62-;*&%.'(%&%',34%*'5)&'+2%'6,&*'(-+2'three dogsA''I)&'+2%'5)"&+2?'+2%9'(%&%',34%*'5)&'+2%'6,&*'

(-+2'three sheepA''12%'5)"&'+&-,;'+9<%3'(%&%'$;)64%*',.*'+2%'<&%3%.+,+-).')&*%&')5'%,62'$;)64'(,3'

&,.*)#-U%*'$%+(%%.'3"$V%6+3A'

'

Results and Discussion 

' b').%J(,9'b!dhb'&%7%,;%*','3-/.-5-6,.+'*-55%&%.6%'-.'62-;*&%.R3'<%&5)&#,.6%',6&)33'+2%'

5)"&'+&-,;'+9<%3?'IWF?NOX'c]A0\?<fA0G?!
E
cAFE'W3%%'I-/"&%'EXA''Q2-;%'62-;*&%.'<%&5)&#%*'%T",;;9').'

+2%')&-/-.,;'+,&/%+?'3-U%o3<,6%'7,&-,.+?',.*'(-+2-.J6,+%/)&9'7,&-,.+'+&-,;3'W,;;'<R3gAN0X?'+2%9'

<%&5)&#%*'3-/.-5-6,.+;9';%33'(%;;').'+2%'$%+(%%.J6,+%/)&9'7,&-,.+'+&-,;3'W,;;'<R3fA0GXA''@2-;*&%.'

&%;-,$;9'-*%.+-5-%*'three'(2%.'<&%3%.+%*'(-+2'+2%')&-/-.,;'+,&/%+'6,&*3'W+WGOXcNAMM?<fA00G?'

*cEAOEX?'.%('6,&*3'-.'(2-62'+2%'+,&/%+3'62,./%*'-.'3-U%',.*'3<,+-,;',&&,./%#%.+'W+WGOXcLA]M?'

<fA00G?*cFAO0X?',.*'.%('6,&*3'*%<-6+-./')$V%6+3'5&)#','*-55%&%.+'3"$)&*-.,+%'6;,33'(-+2-.'+2%'

3,#%'$,3-6J;%7%;'4-.*'W+WGOXcLA00?<fA00G?*cFAG0XA'C)(%7%&?'62-;*&%.'(%&%',+'62,.6%'(2%.'+2%'

6,&*3'*%<-6+%*',.-#,;3'5&)#','*-55%&%.+'$,3-6J;%7%;'6,+%/)&9'W+WGOXc0ALM?<gAO0?*cAFOXA'12%3%'

5-.*-./3'<&)7-*%'%7-*%.6%'+2,+'+()J4.)(%&3R'-.-+-,;'-.+%&<&%+,+-).')5'three'-3';-#-+%*'(-+2'&%3<%6+'

+)'+2%'<,&+-6";,&'6,+%/)&9',.*o)&'.)".'+2,+'-3'T",.+-5-%*A''

'

B!=Hl1'IBDmlH'E'bKdm1'CHlH'

'



!"#$%&'()&*'+&,-.-./']'

]'

' @);;,<3-./',6&)33'+2%'5)"&'+&-,;'+9<%3?'(%',/,-.'5)".*'.)')7%&,;;'%55%6+')5'."#%&-6,;'

*-3+,.6%').'6)&&%6+'6,&*'3%;%6+-).?'IWE?F0Xc0AF\?<gAL0?!
E
cA0E'W3%%'I-/"&%'FXA''m.;-4%'+2&%%J

4.)(%&3?'+()J4.)(%&3'*-*'.)+',<<%,&'+)'#,<'+2%'#%,.-./')5'+2%-&'+&,-.%*'."#$%&'()&*'+)',.'

,<<&)>-#,+%'."#%&-6,;'#,/.-+"*%A''B.3+%,*?'+2%9';%,&.%*'+)',<<;9'three dogs'+)',&&,93')5'%>,6+;9'

+2&%%'*)/3?'&%/,&*;%33')5'+2%-&'3-U%?'3<,+-,;'6).5-/"&,+-).?')&'$&%%*A'

'

B!=Hl1'IBDmlH'F'bKdm1'CHlH'

 

General Discussion 

' 12&%%'%><%&-#%.+3'%><;)&%*'62-;*&%.R3'29<)+2%3%3',$)"+'+2%'#%,.-./3')5'.%('."#$%&'

()&*3A'd"&'5-.*-./3'2-/2;-/2+'+()'3+&-4-./'<,++%&.3A'''I-&3+?'62-;*&%.'(2)'2,*'#,3+%&%*'+2%'

#%,.-./3')5'."#$%&'()&*3'"<'+)'three?',6T"-&%*','5,-&;9'$&),*'".*%&3+,.*-./')5'+2%'#%,.-./')5'

four',5+%&'+&,-.-./'".*%&'&%3+&-6+%*'6).*-+-).3A''Q2%.'+2%9'(%&%'32)(.'+2,+'four',<<;-%*'+)'

<-6+"&%*'3%+3')5',.-#,;3?'+2%9'&%,*-;9'/%.%&,;-U%*'+2%'()&*'+)'.%('4-.*3')5',.-#,;3'WH><%&-#%.+'

GX',.*'%7%.'+)'3);-*',&+-5,6+3'WH><%&-#%.+'EXA''12%3%'62-;*&%.?'2)(%7%&?'/%.%&,;-U%*'four'-.',.'

,<<&)>-#,+%'#,..%&'-.'$)+2'%><%&-#%.+3?',<<;9-./'+2%'()&*'+)'3%+3')5'O')&'L')$V%6+3'*%3<-+%'

6).+&,3+-7%'+&,-.-./'(-+2'+2%3%'."#$%&3A''12%3%'5-.*-./3'3"//%3+'+2,+'+2&%%J4.)(%&3'&%;,+%'+2%'

.%(;9J+&,-.%*'."#$%&'()&*'+)','5,-&;9'/%.%&,;?'$"+',<<&)>-#,+%?'&%<&%3%.+,+-).')5'."#%&-6,;'

#,/.-+"*%A'

'

' =%6).*?'62-;*&%.'(2)'2,*'#,3+%&%*'+2%'#%,.-./3').;9')5'one',.*'two'(%&%'%>+&%#%;9'

;-#-+%*'-.'+2%-&'/%.%&,;-U,+-).')5'threeA''Q2%.'+&,-.%*').'#";+-<;%'4-.*3')5',.-#,;3?'+2%9'32)(%*'

.)'/%.%&,;-U,+-).'+)'.%('4-.*3')5',.-#,;3A''_)&%)7%&?'(2%.'+&,-.%*').','3-./;%'4-.*')5',.-#,;'

<&%3%.+%*'-.','3-./;%'6).5-/"&,+-).'Wthree dogs'-.','3#,;;'+&-,./;%X?'+2%9';%,&.%*'+)',<<;9'three +)'

,&&,93')5'*)/3')5'.)7%;'3-U%3?'3<,+-,;',&&,./%#%.+3?',.*'$&%%*3'$"+'.)+'+)',&&,93')5'32%%<A''12%'

;-#-+%*'<%&5)&#,.6%')5'+()J4.)(%&3'-3'3"&<&-3-./'5)&'+()'&%,3).3A''I-&3+?'+()J4.)(%&3'2,7%'

;%,&.%*'+)'#,<'one',.*'two'+)','*-7%&3%'&,./%')5'%.+-+-%3'-.6;"*-./'7-3-$;%')$V%6+3',.*',"*-$;%'

%7%.+3'WQ9..?'G\\0XA''=%6).*?'+2%3%'62-;*&%.'6)".+%*'&%;-,$;9'+)'ten?'<&)*"6-./'()&*3';-4%'three'

-.'+2%'7%&9'3,#%'6).+%>+3'-.'(2-62'+2%9'<&)*"6%*'one',.*'twoA''!%7%&+2%;%33?'+2%-&'.,&&)('

/%.%&,;-U,+-).')5'three'3"//%3+3'+2,+'+2%-&'".*%&3+,.*-./'*-55%&3'T",;-+,+-7%;9'5&)#'+2,+')5'+2&%%J

4.)(%&3')&',*";+3A''''

'

' @2-;*&%.R3'<,++%&.')5'/%.%&,;-U,+-).'5)&'three';%.*3'-+3%;5'+)'+()'6)#<;%#%.+,&9',66)".+3A''

I-&3+?'+()J4.)(%&3'#,9'-.-+-,;;9'#,<'+2%'%.+-&%'T",.+-5-%*'<2&,3%'W`+2&%%'*)/3aX'+)',.',$3+&,6+'

,*";+J;-4%'&%<&%3%.+,+-).')5'-+3'#%,.-./'W%A/A?'5)&'3)#%'3%+'>?'>'6).3-3+3')5'*)/3',.*'>'2,3'

6,&*-.,;-+9'FX',.*',&%',$;%'+)'"3%'+2-3'#,<<-./'+)'%>+%.*'+2%'<2&,3%'`+2&%%'*)/3a'+)'.%('3%+3')5'

+2&%%'*)/3A''K"+'$&%,4-./'+2%'T",.+-5-%&';))3%'5&)#'+2-3'3%#,.+-6'3+&"6+"&%'#-/2+'&%T"-&%'#)&%'

.)".3?'#)&%'%>,#<;%'3%+3')5')$V%6+3?')&'#)&%',.,;93-3'+2,.'+2%'<&%3%.+'%><%&-#%.+3',;;)(%*A''

12-3'29<)+2%3-3'-3'6).3-3+%.+'(-+2'&%3%,&62'2-/2;-/2+-./'+2%'-#<)&+,.6%')5';-./"-3+-6'6).+%>+?',.*'

.)".3'-.'<,&+-6";,&?'-.'+2%',6T"-3-+-).')5',*V%6+-7%3',.*'7%&$3'WD-;;%++%?'D;%-+#,.?'D;%-+#,.?'['

8%*%&%&?'G\\\^'D&-#32,(?'G\\0^'Q,>#,.'['K))+2?'E00GXA''

'

=%6).*?'+()J4.)(%&3'#,9'<,&3%'+2%'."#$%&'()&*')"+')5'+2%'<2&,3%'$"+'-.-+-,;;9'#,<'-+'+)','
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