
!""#$%&'($)*+,,"-$./0-+1$233"45,
! !"#$$%&'()*&#+',--%./$'0*)12$3$

! ,4)+51%'6%$37*
! 8#3*3*7'6)/)-")+%$

! ()*&#+'91#5%$'3*'!"#$$%&'6%$37*$
! :%/;%%*<9=>?%./$'@'A3/B3*<9=>?%./$'6%$37*$
! :%/;%%*<C/%+$'@'A3/B3*<C/%+$'6%$37*$
! AB%*')"%'()*&#+'91#5%$'D%.%$$)"2E
! F")./3.%'0./3G3/2



60$278"*91"05/:$;/5/,"5
H naming.csv

H RT I"%$5#*$%'/3+%J'/#'K!"#$ L')';#"&'I"%)&'3/')1#=&J'
-#"'$/=&%*/$'1%)"*3*7',*713$B

H MN'Subject $'%).B'5"%$%*/%&';3/B'OP'A#"& $';%'
")*&#+12'53.Q%&'#=/'#-')'&3./3#*)"2

H ,).B'"#;'#-'&)/)'3$')'$3*71%'/"3)1'I#*%'$=>?%./'
"%$5#*&3*7'/#'#*%';#"&J

H A%R"%'3*/%"%$/%&'3*'YearsOfStudy I#-',*713$BJ')*&'
WordFreq I-"%S=%*.2'3*'/B%',*713$B'1)*7=)7%J
H 01$#'3*/%"%$/%&'3*'/B%3"'3*/%")./3#*

H AB3.B'#-'/B%$%'$B#=1&';%'.#*$3&%"'T34%&'
,--%./$E''AB3.B')"%'()*&#+',--%./$E



60$278"*91"05/:$;/5/,"5
H naming.csv

H RT I"%$5#*$%'/3+%J'/#'K!"#$ L')';#"&'I"%)&'3/')1#=&J'
-#"'$/=&%*/$'1%)"*3*7',*713$B

H MN'Subject $'%).B'5"%$%*/%&';3/B'OP'A#"& $';%'
")*&#+12'53.Q%&'#=/'#-')'&3./3#*)"2

H ,).B'"#;'#-'&)/)'3$')'$3*71%'/"3)1'I#*%'$=>?%./'
"%$5#*&3*7'/#'#*%';#"&J

H A%R"%'3*/%"%$/%&'3*'YearsOfStudy I#-',*713$BJ')*&'
WordFreq I-"%S=%*.2'3*'/B%',*713$B'1)*7=)7%J
H 01$#'3*/%"%$/%&'3*'/B%3"'3*/%")./3#*

H AB3.B'#-'/B%$%'$B#=1&';%'.#*$3&%"'T34%&'
,--%./$E''AB3.B')"%'()*&#+',--%./$E
H T34%&U'V%)"$W-9/=&2X'A#"&T"%SX'@'3*/%")./3#*
H ()*&#+U'9=>?%./X'A#" &



)*+,,"-$./0-+1$233"45,

H D#;X';%'B)G%'YZ'/"3)1'5%"'Subject
H [%G%1<Z'#>$%"G)/3#*$'I(\$J')"%'*%$/%&';3/B3*'$=>?%./$
H !1%)"';%'*%%&'/#'/)Q%')..#=*/'#-'/B3$

H 9#+%'$=>?%./$';311'B)G%'-)$/%"'(\$'3*'7%*%")1'/B)*'#/B%"$

%&'($)*+,-.$/$0 123

!"#$%&'()*+*%,-. /!' - /!'0 /!'1 /!'2

9=>?%./'
Z

9=>?%./'
]



)*+,,"-$./0-+1$233"45,
H ^%"%')"%'/B%'&3--%"%*/'Word$_''6#'$#+%'$%%+'

%)$3%"'/B)*'#/B%"$E

F"#>)>12'"%1)/3G%12'
%)$2

F"#>)>12'"%1)/3G%12'
B)"&`



)*+,,"-$./0-+1$233"45,

H ,).B';#"&'3$')1$#'=$%&'3*'+#"%'/B)*'Z'/"3)1
H A)*/'/#'/)Q%')..#=*/'#-'/B)/X'/##

H W>$%"G)/3#*$'-"#+'/B%'$)+%'3/%+';311'>%'+#"%'$3+31)"'/#
#*%')*#/B%"X'/##'IK>#2L'%)$3%"'/B)*'K.)">="%/#"LJ

%&'($)*+,-.$/$0 123

!"#$%&'()*+*%,-. /!' - /!'0 /!'1 /!'2

9=>?%./'
Z

9=>?%./'
]

4567+
K:#2L K!)">=

"%/#"L



)*+,,"-$./0-+1$233"45,

H C*'-)./X';%'.)*'/B3*Q'#-'%).B'/"3)1')$'/B%'!"#$#%&#-')'
$=>?%./')*&')';#"&

%&'($)*+,-.$/$0 123

!"#$%&'()*+*%,-. /!' - /!'0 /!'1 /!'2

9=>?%./'
Z

9=>?%./'
]

4567+,-.$/$0 123
K:#2L K!)">=

"%/#"L



)*+,,"-$./0-+1$233"45,

H ()*&#+'%--%./$'*#/'B3%")".B3.)112'*%$/%&
H :%-#"%U',).B'.1)$$"##+')55%)"$'3*'#*12'Z'$.B##1
H ^%"%U',).B'3/%+'5"%$%*/%&'/#'%).B'$=>?%./

H C-';%'&");')11'/B%'13*%$'3*X';%'$%%'/B%2'."#$$

%&'($)*+,-.$/$0 123

!"#$%&'()*+*%,-. /!' - /!'0 /!'1 /!'2

9=>?%./'
Z

9=>?%./'
]

4567+,-.$/$0 123
K:#2L K!)">=

"%/#"L



)*+,,"-$./0-+1$233"45,

H 865++$7,6"!75#,$99$)*+, $/"=./="%
H )aQa)')65++1)0"++:9:$7 ;B%*';%R"%'&%)13*7';3/B'

%43$/3*7'.1)$$3-3.)/3#*$

%&'($)*+,-.$/$0 123

!"#$%&'()*+*%,-. /!' - /!'0 /!'1 /!'2

9=>?%./'
Z

9=>?%./'
]

4567+,-.$/$0 123
K:#2L K!)">=

"%/#"L



)*+,,"-$./0-+1$233"45,

H !#*.%5/=)112'&3--%"%*/'$)+513*7X'>=/'$)+%'$2*/)4`
H [%/R$'/"2'-3//3*7')'+#&%1';3/BU

H 0'-34%&'%--%./'#-'YearsOfStudy
H ()*&#+'3*/%".%5/$'-#"' Subject )*&' Word

H model1 < - lmer (RT ~ 1 + YearsOfStudy + 
(1|Subject) + (1|Word), data=naming)



)*+,,"-$./0-+1$233"45,

H !#*.%5/=)112'&3--%"%*/'$)+513*7X'>=/'$)+%'$2*/)4`
H [%/R$'/"2'-3//3*7')'+#&%1';3/BU

H 0'-34%&'%--%./'#-'YearsOfStudy
H ()*&#+'3*/%".%5/$'-#"' Subject )*&' Word

H model1 < - lmer (RT ~ 1 + YearsOfStudy + 
(1|Subject) + (1|Word), data=naming)



)*+,,"-$./0-+1$233"45,
H model1 < - lmer (RT ~ 1 + YearsOfStudy + 

(1|Subject) + (1|Word), data=naming)

937*3-3.)*/'%--%./'
#-'V%)"$W-9/=&2
b +#"%'$/=&2'c'
-)$/%"'
"%$5#*&3*7



)*+,,"-$./0-+1$233"45,

H ^=7%'3+5"#G%+%*/'#G%"'0DWd0')*)12$%$'3*'
5$2.B#13*7=3$/3.$'a'%45%"3+%*/)1'5$2.B#1#72`
H A%'=$%&'/#'B)G%'/#'.#*&=./''(!"$")( )*)12$%$'/#'

)$$%$$'7%*%")13e)>313/2'#G%"'$=>?%./$'@'3/%+$
H W"X'3/%+'%--%./$';%"%'$3+512'37*#"%&`

%&'($)*+,-.$/$0 123

!"#$%&'()*+*%,-. /!' - /!'0 /!'1 /!'2

9=>?%./'
Z

9=>?%./'
]

4567+,-.$/$0 123
K:#2L K!)">=

"%/#"L



!""#$%&'($)*+,,"-$./0-+1$233"45,
! !"#$$%&'()*&#+',--%./$'0*)12$3$

! ,4)+51%'6%$37*
! 8#3*3*7'6)/)-")+%$

! ()*&#+'91#5%$'3*'!"#$$%&'6%$37*$
! :%/;%%*<9=>?%./$'@'A3/B3*<9=>?%./$'6%$37*$
! :%/;%%*<C/%+$'@'A3/B3*<C/%+$'6%$37*$
! AB%*')"%'()*&#+'91#5%$'D%.%$$)"2E
! F")./3.%'0./3G3/2



<+9090=$;/5/3*/1",

H [%/R$')1$#'1##Q')/'/B%'%--%./'#-';#"&'-"%S=%*.2
H F"#>1%+U'\B3$'3$'.=""%*/12'$)G%&'3*')'$%5)")/%'-31%'

I$=>/1%4=$_.$GJ
H 9f:\[,g f9 *#"+$'-#"'f9' ,*713$B



<+9090=$;/5/3*/1",

! 9#+%/3+%$'&3--%"%*/'-31%$a&)/)-")+%$ .#*/)3*'
*#++($(%),-"$#"./(' "%1%G)*/'/#'/B%''"0(,
1.'($-")#1%'

! !#++#*'$.%*)"3#'3*'+34%&'%--%./$'+#&%1$'
.#*/%4/U'[%G%1<]' +%)$="%+%*/$')"%'3*')'&3--%"%*/'
-31%'/B)*'[%G%1<Z'+%)$="%+%*/$

*)+3*7_.$GU
Z'"#;'5%"' *6:"0

,).B';#"&')55%)"$'
3*'+=1/351%'"#;$

$=>/1%4=$_.$GU'
,).B';#"&'B)$'
#*12'5!$ "#;'
;3/B'3/$'
-"%S=%*.2



<+9090=$;/5/3*/1",

! 9#+%/3+%$'&3--%"%*/'-31%$a&)/)-")+%$ .#*/)3*'
*#++($(%),-"$#"./(' "%1%G)*/'/#'/B%''"0(,
1.'($-")#1%'

! !#++#*'$.%*)"3#'3*'+34%&'%--%./$'+#&%1$'
.#*/%4/U'[%G%1<]' +%)$="%+%*/$')"%'3*')'&3--%"%*/'
-31%'/B)*'[%G%1<Z'+%)$="%+%*/$

Z'"#;'5%"'
*6:"0

,).B'
$=>?%./'B)$'

+=1/351%'
"#;$

,).B'$=>?%./'B)$'#*12'
5!$ "#;';3/B' /B%3"'
A#"Q3*7'h%+#"2'$.#"%



<+9090=$;/5/3*/1",

! 9#+%/3+%$'&3--%"%*/'-31%$a&)/)-")+%$ .#*/)3*'
*#++($(%),-"$#"./(' "%1%G)*/'/#'/B%''"0(,
1.'($-")#1%'

! !#++#*'$.%*)"3#'3*'+34%&'%--%./$'+#&%1$'
.#*/%4/U'[%G%1<]'G)"3)>1%$')"%'3*')'&3--%"%*/'-31%'
/B)*'[%G%1<Z'+%)$="%+%*/$

)11$.B##1$U'Z'"#;'5%"'+*&7$!*

,).B'.1)$$"##+')55%)"$'3*'+=1/351%'"#;$

/=/#"=$%_.$GU
,).B' )0"++ B)$'#*12'5!$ "#; i &3&'

/B3$'.1)$$'=$%'/B%'/=/#"'#"'*#/E



! K[##Q'=5';#"&'-"%S=%*.2'-"#+'/B%'#/B%"'
&)/)-")+% L

! A%'.)*'.#+>3*%'/B%$%'&)/)-")+%$ 3-'/B%2'B)G%'"*,
0$"+*,5!$,)50&#!,:!,)5##5!

! Word /%11$'=$';B3.B';#"&';)$'5"%$%*/%&'#*')*'
3*&3G3&=)1'/"3)1X')*&'3/')1$#'3&%*/3-3%$'/B%';#"&'3*'
#="'&)/)>)$%'#-';#"&'-"%S=%*.2

*)+3*7_.$GU
Z'"#;'5%"' *6:"0

,).B';#"&'
)55%)"$'3*'
+=1/351%'"#;$

$=>/1%4=$_.$GU'
,).B';#"&'B)$'
#*12'5!$ "#;'
;3/B'3/$'
-"%S=%*.2

<+9090=$;/5/3*/1",



>00"*$<+90
! inner_join (naming, subtlexus , by= 'Word' ) 

- > naming2
! D%;' &)/)-")+% Inaming2 J'B)$'>#/B'/B%'.#1=+*$'-"#+'

*)+3*7 I9=>?%./X'V%)"$W-9/=&2X'(\J')*&'/B%'.#1=+*$'
-"#+' $=>/1%4=$IA#"&T"%SJ

! h)/.B%$'/B%'#>$%"G)/3#*$'=$3*7'/B%'Word .#1=+*

*)+3*7_.$GU
Z'"#;'5%"' *6:"0

,).B';#"&'
)55%)"$'3*'
+=1/351%'"#;$

$=>/1%4=$_.$GU'
,).B';#"&'B)$'
#*12'5!$ "#;'
;3/B'3/$'
-"%S=%*.2



>00"*$<+90
! inner_join (naming, subtlexus , by= 'Word' ) 

- > naming2
! D%;' &)/)-")+% Inaming2 J'B)$'>#/B'/B%'.#1=+*$'-"#+'

*)+3*7 I9=>?%./X'V%)"$W-9/=&2X'(\J')*&'/B%'.#1=+*$'
-"#+' $=>/1%4=$IA#"&T"%SJ

! h)/.B%$' /B%'#>$%"G)/3#*$'=$3*7'/B%'Word .#1=+*
! [3Q%'d[WWjfF'3*',4.%1



<+90,$? @9,1/54A90=$)+:B10$C/1",

! AB)/'3-'/B%'.#1=+*$'B)G%'&3--%"%*/'*)+%$E
! D#/'/"=%'3*')2#' &)/)$%/i ?=$/')'B25#/B%/3.)1

! C/%+3*'naming /%11$'=$';B3.B'A#"& /#'1##Q'-#"'3*'
subtlexus k'B#;'.)*';%'/%11'('/B)/E
! inner_join (naming, subtlexus , 

by=c( 'Item' ='Word' )) - > naming2

D)+%'#-'/B%'.#1=+*'3*'/B%'
&)/)-")+% ;%'13$/%&'$%.#*&

D)+%'#-'/B%'.#1=+*'3*'/B%'
&)/)-")+% ;%'13$/%&'-3"$/



D5A"*$EF8",$+3$<+90,
! nrow (naming)
! nrow (naming2)
! 934';#"&$'&3&*R/'B)G%')'-"%S=%*.2'+%)$="%+%*/
! 0*' :!!$6,(5:!, ;311'&"#5'"#;$'/B)/'.)*R/'>%'

+)/.B%&
! 01/%"*)/3G%U
! naming2 < - left_join (naming, subtlexus , 

by='Word')

j%%5'/B%'"#;$'3*'/B%'-3"$/'&)/)-")+% I*)+3*7 J'
;B%"%';%'.)*R/'-3*&'/B%'+)/.B3*7'AW(6'3*'/B%'
$%.#*&'&)/)-")+% I$=>/1%4=$J

!)*'2#='7=%$$';B)/'B)55%*$'/#' A#"&T"%S-#"'
/B#$%'/"3)1$E

2;<=

2>?=



D5A"*$EF8",$+3$<+90,
! nrow (naming)
! nrow (naming2)
! 934';#"&$'&3&*R/'B)G%')'-"%S=%*.2'+%)$="%+%*/
! 0*' :!!$6,(5:!, ;311'&"#5'"#;$'/B)/'.)*R/'>%'

+)/.B%&
! 01/%"*)/3G%U
! naming2 < - left_join (naming, subtlexus , 

by='Word')

j%%5'/B%'"#;$'3*'/B%'-3"$/'&)/)-")+% I*)+3*7 J'
;B%"%';%'.)*R/'-3*&'/B%'+)/.B3*7'AW(6'3*'/B%'
$%.#*&'&)/)-")+% I$=>/1%4=$J

A#"&T"%S;311'>%'NA I+3$$3*7'&)/)J'3*'/B%$%'"#;$'

2;<=

2>?=



D5A"*$EF8",$+3$<+90,
! nrow (naming)
! nrow (naming2)
! 934';#"&$'&3&*R/'B)G%')'-"%S=%*.2'+%)$="%+%*/
! 0*' :!!$6,(5:!, ;311'&"#5'"#;$'/B)/'.)*R/'>%'

+)/.B%&
! 0' 0$9*#"'6:@A*,(5:!;311'Q%%5'%G%"2'"#;'3*'/B%'-3"$/'

#"'$%.#*&'&)/)-")+% X'"%$5%./3G%12
! 0' 9&00,(5:!Q%%5$'%G%"2'"#;'3*'.1)2 &)/)-")+%$

! full_join (naming, subtlexus ,
by= ' Word' ) - > naming3

! C*.1=&%$'"#;$'-#"'%G%"2';#"&'3*'/B%
,*713$B';#"&'-"%S=%*.2'&)/)>)$%X'%G%*'#*%$
*#/'=$%&'3*'#="'%45%"3+%*/_''A%'6WDR\
*%%&'#"';)*/'/B)/'3*'/B3$'.)$%_

2;<=

2>?=



@/54A90=$GF$@B:598:"$)+:B10,

! 9#+%/3+%$X'#*%'.#1=+*'3$*R/'%*#=7B'/#'=*3S=%12'+)/.B'
/B3*7$')."#$$'-31%$a&)/)-")+%$

! !)*'=$%'+=1/351%'.#1=+*$'3*'?#3*'-=*./3#*$U
! inner_join (naming, subtlexus , 

by= c('Word', 'Country') ) - > naming2
! \B3$'3$')'1#73.)1'0D6_''̂ )$'/# +)/.B'>#/B'A#"&' "%* !#=*/"2

C+)73*%'&#3*7'#="'/)$Q'3*'>#/B'/B%'f9')*&'fj_''A#"&'-"%S=%*.2'&3--%"$'$#+%;B)/'
>%/;%%*'0+%"3.)*',*713$B'@':"3/3$B',*713$BX'$#'*#;';%'*%%&'>#/B'4567 )*&' 85&!*6B /#'
1##Q'=5'/B%'-"%S=%*.2_



)*+,,"-$./0-+1$233"45,

H D#;'/B)/';%RG%')&&%&'/B%';#"&'-"%S=%*.2'/#'#="'
&)/)-")+% X'1%/R$')&&'3/'/#'/B%'+#&%1
H model2 < - lmer (RT ~ 1 + YearsOfStudy * 

WordFreq + (1|Subject) + (1|Word), 
data=naming2)

l"%)/%"'9=>?%./'
G)"3)*.%'/B)*'C/%+'
G)"3)*.%_
\253.)1'3*'
%45%"3+%*/$'
>%.)=$%';%'#-/%*'
*('#&% 3/%+$'/#'>%'
$3+31)"



!""#$%&'($)*+,,"-$./0-+1$233"45,
! !"#$$%&'()*&#+',--%./$'0*)12$3$

! ,4)+51%'6%$37*
! 8#3*3*7'6)/)-")+%$

! ()*&#+'91#5%$'3*'!"#$$%&'6%$37*$
! :%/;%%*<9=>?%./$'@'A3/B3*<9=>?%./$'6%$37*$
! :%/;%%*<C/%+$'@'A3/B3*<C/%+$'6%$37*$
! AB%*')"%'()*&#+'91#5%$'D%.%$$)"2E
! F")./3.%'0./3G3/2



H AB)/'Q3*&'#-'")*&#+'$1#5%$'+37B/'>%'"%1%G)*/'
B%"%E

H \#')*$;%"'/B3$'S=%$/3#*X';%'*%%&'/#'=*&%"$/)*&'
B#;'K>%/;%%*<$=>?%./$'G)"3)>1%$L'&3--%"'-"#+'
K;3/B3*<$=>?%./$'G)"3)>1%$L

H"5I""0$J,&$!95A90$KBGL"45,



H"5I""0$J,&$!95A90$KBGL"45,
H C*')*'%45%"3+%*/)1'&%$37*X'$#+%'G)"3)>1%$')"%U

" C$*D$$! 1%&'($)*+,/"6:"'0$+ U',).B'$=>?%./'3$'3*'Z'
)*&'#*12'Z'7"#=5'k'#"'B)$'Z')*&'#*12'Z'G)1=%
H ()*&#+12')$$37*%&'/#'&"=7'Z'G$_'&"=7']'G$_'51).%>#
H 6%+#7")5B3.'G)"3)>1%$m'%_7_X'9,9
H !#7*3/3G%a13*7=3$/3.'&3--%"%*.%$'I%_7_X';#"Q3*7'+%+ _'$.#"%J
H K:%/;%%*'$=>?%./$L'>%.)=$%'&3--%"%*.%$'3*'/B3$'G)"3)>1%'

)"%'#*12'$%%*'>%/;%%*'1%(,'3.4(5), )*&' "%1)2($

9f:8,!\'ZNR$'
60\0

D)/3G%'$5%)Q%"

\"3)1 ZU'!#""%./
\"3)1 ]U'!#""%./

\"3)1 nU'C*.#""%./

9f:8,!\'ZZR$'
60\0

D#* <*)/3G%'
$5%)Q%"

\"3)1 ZU'C*.#""%./
\"3)1 ]U'!#""%./

\"3)1 nU'C*.#""%./



H"5I""0$J,&$!95A90$KBGL"45,
H C*')*'%45%"3+%*/)1'&%$37*X'$#+%'G)"3)>1%$')"%U

" C$*D$$! 1%&'($)*+,/"6:"'0$+ U',).B'$=>?%./'3$'3*'Z'
)*&'#*12'Z'7"#=5'k'#"'B)$'Z')*&'#*12'Z'G)1=%
H ()*&#+12')$$37*%&'/#'&"=7'Z'G$_'&"=7']'G$_'51).%>#
H 6%+#7")5B3.'G)"3)>1%$m'%_7_X'9,9
H !#7*3/3G%a13*7=3$/3.'&3--%"%*.%$'I%_7_X';#"Q3*7'+%+ _'$.#"%J
H K:%/;%%*'$=>?%./$L'>%.)=$%'&3--%"%*.%$'3*'/B3$'G)"3)>1%'

)"%'#*12'$%%*'>%/;%%*'1%(,'3.4(5), )*&' "%1)2($
" 4:*A:! 1%&'($)*+,/"6:"'0$+E 9)+%'$=>?%./'$%%$'

+#"%'/B)*'Z'.#*&3/3#*'#"'B)$'YZ'G)1=%
H 9)+%'$=>?%./'$%%$'>#/B'.#*7"=%*/'I7"%%*J')*&'

3*.#*7"=%*/'I >1=%J'9/"##5'/"3)1$
H d)1=%$'/B)/'G)"2';a3*')'$/=&2X'%_7_X'o'#-'5"%G3#=$'/"3)1$
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