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-;5%$3!9,;11'&-!6&K6!5&#-%$3/!4&+#;9&!6,&!9%3$#'!68!<8J&!6,&!&W&9!%9!'&99!#11&+6&-!4W!'&K%+#'!
X85-!:58+&99%$3!D+1)!0#W$&5!C!N%9+,&5/!GRRUH)!Y8X&J&5/!'&K%+#'!%$1';&$+&9!X&5&!5&'%#4'&!#9!
X&!18;$-!&K:&+6&-!&11&+69!81!X85-!15&Z;&$+W/!&)3)/!185!6,&!:5&J%8;9!X85-!I?G!D'#3?15&Z;&$+W!
&11&+69H! #$-! 6,&! ;:+8<%$3!X85-!ImG! D9;++&9985?15&Z;&$+W! &11&+69H/!X,%+,! 9;33&96&-! 6,#6!
'&K%+#'! :58+&99%$3! 81! 6,&9&! X85-9! #11&+6&-! &W&! <8J&<&$69)! f85&8J&5/! X85-! 15&Z;&$+W!
&11&+69!X&5&! 5&J&59&-! %$! 98<&! +8$-%6%8$9)! @'6&5$#6%J&'W/! *+,#-! &6! #')! #53;&-! 6,#6! 6,&! $&X!
&11&+69!%$!9,;11'&-!6&K6!5&#-%$3!+8;'-!4&!&K:'#%$&-!:#59%<8$%8;9'W!4W!#!18J&#'!'8#-!85!A88<!
'&$9! <8-&'=! c#9&-! 8$! #$#'W9&9! 81! 96#6%96%+#'! <8-&'9/! X&! -&5%J&-! 6,&! ,W:86,&9%9! 6,#6! 6,&!
:&5+&:6;#'! 9:#$! %9! <85&! 9658$3'W! -W$#<%+#''W! <8-;'#6&-! 4W! 18J&#'! '8#-! 185! 5&#-&59! 81!
9,;11'&-!6&K6!6,#$!185!5&#-&59!81!$85<#'!6&K6)!

0789!$=/$!"#$%&&'$(#)*$&+$,--#)-.&)$.)$-"#$0789!$'&3#($

M$!6,&!*LMNI!<8-&'!D2$34&56/!&6!#')/!EFFE]!2$34&56/!&6!#')/!EFFPH/!#!9&6!81!X85-?4#9&-!
#+6%J#6%8$9! +8$658'9! 9#++#-&! 6#53&6! 9&'&+6%8$/! #$-! +8<<#$-9! 68! :5835#<! 9#++#-&9! #5&!
3&$&5#6&-!4W!#!5#$-8<!:58+&99)!I8!#-o;96!6,&!:58+&99%$3!6%<&!68!6,&!-%11%+;'6W!81!6,&!1%K#6&-!
X85-/! #$! %$,%4%685W! +8$658'! :58+&99/! +#''&-! 18J&#'! %$,%4%6%8$/! X#9! %<:'&<&$6&-! D9&&! #'98!
2$34&56!C!a'%&3'/!EFGG]!0%+,6&5/!2$34&56/!C!a'%&3'/!EFFUH.!

@! `&W! <86%J#6%8$! 68! -&J&'8:! #$! #+6%J#6%8$?4#9&-! <8-&'! 185! 6,&! +8$658'! 81! &W&!
<8J&<&$69!%$!5&#-%$3!X#9!68!-&5%J&!#$!%$6&35#6%J&!15#<&X85`!185!#''!6W:&9!81!9#++#-&9!D%)&)/!
185X#5-/! 9`%::%$3/! 5&1%K#6%8$! 9#++#-&9/! #$-! 5&35&99%8$9H)! M$! +'89&! #$#'83W! 68! 6,&! -W$#<%+!
1%&'-! 6,&85W! D25',#3&$!C! *+,k$&5/! EFFEH/! 6,&! #+6%J#6%8$! 1%&'-! -&6&5<%$&9! :584#4%'%6%&9! 185!
6#53&6! 9&'&+6%8$!#6! #$W!:8%$6! %$! 6%<&)!I,%9! +8$+&:6! 3;#5#$6&&9! 6,&!&K%96&$+&!81!<8J&<&$6!
6#53&69! %$-&:&$-&$6! 81! 6,&! 6%<%$3! 81! ;:+8<%$3! 9#++#-&! :5835#<9)! *;+,! #! 15#<&X85`! %9!
&99&$6%#'! 185!4;%'-%$3!<8-&'9!6,#6! %<:'&<&$6!6,&!:#56%#'! %$-&:&$-&$+&!81!9:#6%#'!DpX,&5&q!
68! <8J&! 6,&! &W&9H! #$-! 6&<:85#'! DpX,&$q! 68! <8J&! 6,&! &W&9H! -&+%9%8$9! 8$! 9#++#-%+! &W&!
<8J&<&$69/! +8$+&:6;#''W! 5&Z;%5&-! 158<!<8-&'9! 81! 6,&! 8+;'8<8685!:,W9%8'83W! DN%$-'#W!C!
L#'`&5/!GRRRH)!
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N85!6,&!9%<;'#6%8$!96;-%&9!8$!6,&!A88<!'&$9!81!#66&$6%8$/!X&!<8-%1%&-!6,&!:58+&99%$3!
9:#$!81! 6,&!<8-&')!L&!#99;<&! 6,#6! #! '&66&5?4#9&-!:58+&99%$3! 5#6&! %9! #$! %$J&59&?:#5#48'%+!
1;$+6%8$!X%6,! 6X8!:#5#<&6&59! 6,#6!-&6&5<%$&! 6,&!&K6&$9%8$!81! 6,&!:58+&99%$3!9:#$! 68! 6,&!
'&16!#$-!68!6,&!5%3,6)!I,&!:58+&99%$3!9:#$!&K6&$-9!68!nrb!8$!6,&!'&16!#$-!68!r0!8$!6,&!5%3,6!81!
6,&!1%K#6%8$!:8%$6!#6!6,&!85%3%$)!f85&8J&5/!X&!#99;<&!6,#6!6,&!#9W<<&65W!81!6,&!:58+&99%$3!
9:#$!%9!3&$&5#6&-!4W!#!-W$#<%+#'!#-o;96<&$6!81!6,&!&K6&$9%8$!68!6,&!5%3,6/!%)&)/!

/! ! ! ! ! ! ! ! ! !!!!!!!!!!DGH!

X,&5&! %BD'H! -&$86&9! 6,&! 6%<&?-&:&$-&$6! #+6%J#6%8$! 81! X85-! B! #6! 6%<&! ']! K! %9! 6,&!
<#K%<;<!81! 6,&!#+6%J#6%8$!5&1'&+6%$3! 6,&!<#K%<;<!:899%4'&!X85-!-%11%+;'6W! %$! 6,&!<8-&')!
N85!6,&!9%<;'#6%8$9/!%6!6;5$&-!8;6!6,#6!#$!%$J&59&?:#5#48'%+!185<!81!6,&!:58+&99%$3!9:#$!X#9!
$&+&99#5W!68!+8$965#%$!%69!9:#6%#'!&K6&$6!4W!&K:&5%<&$6#'!-#6#!-;5%$3!6,&!9%<;'#6%8$9)!s9%$3!
9;+,!#!1;$+6%8$#'!185</!6,&!'&66&5?4#9&-!:58+&99%$3!5#6&!#6!#$!&++&$65%+%6W!t!X#9!3%J&$!4W!

/! ! ! ! ! ! ! !!!!!!!!!!DEH!

X,&5&! #! $85<#'%A#6%8$! +8$96#$6 !0 = 3 / (2("L +"R )) !%9! $&+&99#5W! 68! 9+#'&! 6,&! 686#'!

:58+&99%$3!5#6&!68!8$&!D%$-&:&$-&$6!81!6,&!J#';&9!81!rb!#$-!r0H)!

N85!6,&!9%<;'#6%8$9/!X&!%<:'&<&$6&-!#!1;''W!968+,#96%+!15#<&X85`!:58:89&-!5&+&$6'W!
4W! I5;`&$458-! #$-! 2$34&56! D9;4<%66&-H)! M$! 6,%9! 15#<&X85`/! #''! -W$#<%+#'! J#5%#4'&9! #5&!
5&#'%A&-!4W!%$-&:&$-&$6/!:#5#''&'!-%9+5&6&!5#$-8<!X#'`!:58+&99&9!DN%3;5&!GH)!

@! 6W:%+#'! $;<&5%+#'! 8;6:;6! 81! #! 9%$3'&! 5&#-%$3! 65#o&+685W! 81! 6,&! *LMNI! <8-&'! %9!
-%9:'#W&-!%$!N%3;5&!G/!4W!:'866%$3!6,&!6%<&!&J8';6%8$!81!9&J&5#'!<8-&'!96#6&9!#$-!:58+&99&9!
#'8$3! 6,&! J&56%+#'! #K%9)! M$! 6,&! <#%$! :#$&'! 81! N%3;5&! G/! J&56%+#'! '%$&9! 4&'8X! &#+,! X85-!
5&:5&9&$6!6,&!9&6!81! '&K%+#'!#+6%J#6%8$9!u%)D'Hv!#$-!6,&!6,%+`!-#9,&-!J&56%+#'! '%$&!9,8X9!6,&!
1%K#6%8$!'8+#6%8$!BD'H)!I,&!9&Z;&$+&!81!X85-9!1%K#6&-!%$!6,%9!&K#<:'&!%9!
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! S!

!
!"#$%&'('

*%<;'#6&-!65#o&+685W!81!6,&!*LMNI!<8-&'!X%6,!#66&$6%8$#'!A88<!'&$9)!

I,&! 4';&! #$-! 6,&! 35&&$! '%$&9! %$-%+#6&! 6,&! &K6&$9%8$! 81! 6,&! :&5+&:6;#'! 9:#$! 68! 6,&!
5%3,6!81! 1%K#6%8$)!I,&!35&&$! '%$&!<#5`9!6,&!&K6&$9%8$!81! 6,&!:&5+&:6;#'!9:#$!185!$8$'&K%+#'!
:5&:58+&99%$3!81!X85-9/!X,%+,!,#9!4&&$!&96%<#6&-!#9! &K6&$-%$3!GP! '&66&59! 68! 6,&! 5%3,6!81!
1%K#6%8$!Df+78$`%&!C!0#W$&5/!GRVP]!0#W$&5/!GRRSH)!I,&!4';&!'%$&!5&:5&9&$69!6,&!5%3,6X#5-!
&K6&$9%8$!81!6,&!'&K%+#'!X85-!:58+&99%$3!9:#$)!";5%$3!:5&:58+&99%$3!81!18J&#'!X85-9/!6,#6!%9/!
%$!6,&!%$+5&#9%$3!:,#9&!81!6,&!'&K%+#'!X85-!#+6%J#6%8$/!6,&!X85-!:58+&99%$3!9:#$!%9!#6!#!1%K&-!
<%$%<;<)!@16&5!:5&:58+&99%$3!81! 6,&! 18J&#'!X85-! %9! +8<:'&6&-/!,8X&J&5/! 6,&$! 6,&! '&K%+#'!
:58+&99%$3! 9:#$! %9! -W$#<%+#''W! <8-;'#6&-! 4W! 6,&! '&K%+#'! #+6%J#6%8$! 81! 6,&! 1%K#6&-! X85-!
D2Z;#6%8$!GH)!Y%3,'W!#+6%J#6&-!18J&#'!X85-9!+#;9&!6,&!:58+&99%$3!9:#$!68!4&!$#558X!%$!9%A&)!
M1! 18J&#'! '&K%+#'! X85-! #+6%J#6%8$! %9! 5&-;+&-/! ,8X&J&5/! 6,&$! 6,&! 9:#$! 9%A&! -W$#<%+#''W!
%$+5&#9&9!;:!68!%69!&96%<#6&-!<#K%<;<!9%A&)!

model states and processes along the vertical axis. In the main panel of
Figure 1, vertical lines below each word represent the set of lexical
activations {an(t)} and the thick dashed vertical line shows the fixation
location k(t). The sequence of words fixated in this example is

{1, 3, 3, 2, 4, 5, 6, 7, 9}.

The blue and the green lines indicate the extension of the perceptual span to
the right of fixation. The green line marks the extension of the perceptual span
for nonlexical preprocessing of words, which has been estimated as extending
15 letters to the right of fixation (McConkie & Rayner, 1975; Rayner, 1998).
The blue line represents the rightward extension of the lexical word processing
span. During preprocessing of foveal words, that is, in the increasing phase of
the lexical word activation, the word processing span is at a fixed minimum.
After preprocessing of the foveal word is completed, however, then the lexical
processing span is dynamically modulated by the lexical activation of the
fixatedword (Equation 1). Highly activated foveal words cause the processing
span to be narrow in size. If foveal lexical word activation is reduced, however,
then the span size dynamically increases up to its estimated maximum size.

The three lines in the left panel of Figure 1 display the states of
sequentially coupled, directed random walk processes, which evolve over

0

Figure 1. Simulated trajectory of the SWIFTmodel with attentional zoom lens. To view this figure in

colour, please see the online issue of the Journal.
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! R!

I,&!6,5&&!'%$&9!%$!6,&!'&16!:#$&'!81!N%3;5&!G!-%9:'#W!6,&!96#6&9!81!9&Z;&$6%#''W!+8;:'&-/!
-%5&+6&-!5#$-8<!X#'`!:58+&99&9/!X,%+,!&J8'J&!8J&5!6%<&)!N58<!6,&!'&16!68!6,&!5%3,6/!6,&!1%596!
5#$-8<!X#'`!:58+&99!-%9:'#W9!6,&!&J8';6%8$!81!6,&!5#$-8<!9#++#-&!6%<&5!#$-!9,8X9!,8X!
&J%-&$+&! 185! #! $&X! 9#++#-&! :5835#<! #++;<;'#6&9! 8J&5! 6%<&)! e86&! 6,#6! 6,&! 5#$-8<!
8+;'8<8685! 6%<&5! %9! 9;4o&+6! 68! %$,%4%6%8$! 158<! 18J&#'! '&K%+#'! X85-! #+6%J#6%8$9)! N8J&#'!
#+6%J#6%8$!6&<:85#5%'W!%$,%4%69!6,&!:5835&99%8$!81!6,&!5#$-8<!X#'`!#$-!-&'#W9!6,&!8$9&6!81!
6,&!$&K6!9#++#-&!:5835#<)!*&+8$-/!X,&$!6,&!5#$-8<!8+;'8<8685!9#++#-&!6%<&5!5&#+,&9!%69!
6,5&9,8'-/!#!'#4%'&!9#++#-&!:5835#<!%9!65%33&5&-)!@6!6,&!&$-!81!6,&!'#4%'&!9#++#-&!:5835#</!#!
9#++#-&! 6#53&6! %9!-&6&5<%$&-!#$-! 9#++#-&!:5835#<<%$3!&$6&59! %$68! %69! 96#4%'&!:,#9&! D5&-!
4#59! %$! 6,&!<#%$! :#$&'! 81! N%3;5&! G! %$-%+#6&! 6,&! 9&'&+6&-! 9#++#-&! 6#53&6! #$-! 6,&%5! '&$36,!
5&:5&9&$69! 6,&! -;5#6%8$! 81! 6,&! '#4%'&! :5835#<<%$3! 96#3&H)! N%$#''W/! #! 9#++#-&! %9! &K&+;6&-/!
-;5%$3!X,%+,!J%9;#'! %$:;6!158<!6,&!5&6%$#!%9!9;::5&99&-!D9&&!N%3;5&!G/!6,&!,85%A8$6#'!35&W!
4#59H)!

@--%6%8$#'!$&X!:#5#<&6&59!X&5&!5&'#6&-!68!DGH!#!3'84#'!%$,%4%6%8$!D::1H!6,#6!9'8X&-!
:58+&99%$3!81!X85-9!68!6,&!5%3,6!#9!'8$3!#9!$8$J#$%9,%$3!#+6%J#6%8$9!X&5&!68!6,&!'&16!81!6,&!
X85-! +8$9%-&5&-! D%86#H/! DEH! #! :#56%#'! 5&9&6! 81! #+6%J#6%8$! -;5%$3! 6,&! %$+5&#9%$3! :#56! 81!
:58+&99%$3!-;5%$3!#!9#++#-&/!#$-!DQH!#!5&-;+6%8$!81!6,&!:58+&99%$3!5#6&!4W!#!+8$96#$6!1#+685!
D1H!-;5%$3!:896'&K%+#'!:58+&99%$3/!%)&)/!6,&!-&+5&#9%$3!:#56!81!6,&!#+6%J#6%8$)!

>5#3.<-.&)*$+&5$*"1++(#3$-#6-$5#,3.)2$

*+,#-!&6!#')!DEFGFH!:58:89&-!9:&+%1%+!,W:86,&9&9!#48;6!,8X!&W&!<8J&<&$6!+8$658'!
-%11&59! 4&6X&&$! 9,;11'&-! #$-! $85<#'! 6&K6! 5&#-%$3)! Y&5&/! X&! X%''! 6&96! 6,&9&! Z;#'%6#6%J&!
:5&-%+6%8$9! 8$! #! 1;''W! Z;#$6%6#6%J&! 4#9%9! 4W! &96%<#6%$3! :#5#<&6&59! 81! 6,&! *LMNI!Q!<8-&'!
9&:#5#6&'W! 185!$85<#'!#$-! 185!9,;11'&-! 6&K6!5&#-%$3)!*+,#-!&6!#')! DEFGFH!,W:86,&9%A&-!6,#6!
6,&! +8$658'! 81! &W&! <8J&<&$69! <#W! 4&! '&99! #11&+6&-! 4W! 8$38%$3! '&K%+#'! :58+&99%$3! X,&$!
5&#-%$3!9,;11'&-!6&K6)!M$!6,&!*LMNI!<8-&'/!6,&!!!:#5#<&6&5!-&6&5<%$&9!,8X!9658$3'W!'&K%+#'!
:58+&99%$3!D%)&)/!X85-!15&Z;&$+WH!%$1';&$+&9!X85-!#+6%J#6%8$9)!L&!6,&5&185&!:5&-%+6!6,#6!6,&!
!! :#5#<&6&5! 9,8;'-! 4&! 5&-;+&-! %$! 6,&! 9,;11'&-?*LMNI!<8-&'! #9! +8<:#5&-! 68! 6,&! *LMNI!
<8-&'! 185!$85<#'! 6&K6!5&#-%$3)!f85&8J&5/! %$! 6,&!*LMNI!<8-&'!:58+&99%$3!81! 18J&#'!X85-9!
%$1';&$+&9! &W&!<8J&<&$69! J%#! 18J&#'! %$,%4%6%8$!81! 6,&! #;68$8<8;9! 9#++#-&! 6%<&5! #$-!X&!
:5&-%+6!6,#6!6,%9!%$1';&$+&!D+#:6;5&-!%$!<8-&'!:#5#<&6&5!,H!%9!5&-;+&-!185!9,;11'&-?*LMNI)!



@!A88<?'&$9!<8-&'!81!#66&$6%8$!%$!5&#-%$3!

! GF!

f85&8J&5/!X&!9;33&96&-!6,#6!6,&!:&5+&:6;#'!9:#$!%9!<85&!9658$3'W!<8-;'#6&-!4W!18J&#'!'8#-!
-;5%$3!5&#-%$3!81!9,;11'&-!6&K6!#9!+8<:#5&-!68!5&#-%$3!81!$85<#'!6&K6)!M$!6,&!*LMNI!Q!<8-&'/!
6,&!!G!:#5#<&6&5!-&6&5<%$&9!,8X!9658$3'W!6,&!:58+&99%$3!9:#$!%9!<8-;'#6&-)!L&!:5&-%+6&-!
6,#6!6,&!"G!:#5#<&6&5!9,8;'-!4&!'#53&5!185!9,;11'&-?*LMNI!6,#$!185!$85<#'?*LMNI)!

I8! 6&96!,W:86,&9&9/!X&!-&1%$&-!#!:58+&-;5&!#$-!#!9&6!81! +5%6&5%#!-&9%3$&-! 68!#J8%-!
:86&$6%#'! :%61#''9! #998+%#6&-! X%6,! <8-&'! 1%66%$3! D9&&! @::&$-%K! "H/! %$+';-%$3! #! 9:'%6?,#'1!
:58+&-;5&! 68! 3;#5-! #3#%$96! 8J&51%66%$3/! X,&5&! %$-&:&$-&$6! -#6#! 9&69! #5&! ;9&-! 68! DGH!
8:6%<%A&!<8-&'!:#5#<&6&59!D8$!#!65#%$%$3!9&6H!#$-!68!DEH!&J#';#6&!<8-&'!:5&-%+6%8$9!D8$!#!
6&96!9&6H)!

?#*1(-*$+5&'$@,5,'#-#5$#*-.',-.&)$

L,&$!1%66%$3!6,&!9,;11'&-?*LMNI!<8-&'! 68! 6,&!65#%$%$3!9&6/!X&!-&1%$&-!<&#9;5&9!81!
1%K#6%8$!6%<&9!#$-!:584#4%'%6%&9!9&:#5#6&'W!185!&#+,!9;4o&+6!D9&&!2$34&56!&6!#')/!EFFP/!185!6,&!
`&W! :5%$+%:'&9! 81! 8;5! :58+&-;5&H)! 2K:&5%<&$6#''W/! 6,&! 6&K6! ,#-! 4&&$! 5#$-8<'W! 9,;11'&-!
9&:#5#6&'W! 185! &#+,! 81! 6,&! QF! 9;4o&+69! D*+,#-/! &6! #')/! EFGFH)! N85! &#+,! 9;4o&+6/! X&! 6,;9!
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The results showed that the zoom-lens response was much stronger in
shuffled-SWIFT than in normal-SWIFT, even when controlling for task-
differences in the (focused) size of the perceptual span. We also found a
larger global inhibition in the shuffled-SWIFT model (larger ppf parameter).
This result is highly plausible because words in a list are unrelated, and this
should cause strong interference when multiple words are simultaneously
processed. This stronger global inhibition may also cause stronger foveal
load effects in shuffled text reading (Schad et al., 2010), as foveal processing
difficulties inhibit processing of upcoming words.

We also obtained the following parameter differences between the
shuffled-SWIFT and the normal-SWIFT model: For shuffled-SWIFT, the
processing span was estimated to have an overall larger size, as reflected in a
larger d0 parameter. Also, the average rate of the autonomous oculomotor
timer, tsac, was estimated to be larger in the shuffled-SWIFT model
compared to normal-SWIFT. This effect is clearly related to the slower
speed at which shuffled text is read, either due to a mindless eye movement
control (Reichle, Reineberg, & Schooler, 2010; Vitu, O’Regan, Inhoff, &
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Figure 2. Results from the estimation of model parameters for the normal-SWIFT (triangles) and

the shuffled-SWIFT (points) models. A genetic algorithm running for 13,000 generations was used to

estimate individual sets of model parameters. This was repeated 10 times with random starting values

for normal-SWIFT and for shuffled-SWIFT. Points/triangles show results from individual estimation

runs; midlines indicate the average of the parameter estimates across 10 estimation runs; error bars

indicate 95% confidence intervals.
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dR ¼ d0 þ d1 1#
ak tð Þ
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: (4)

The results showed that the zoom-lens response was much stronger in
shuffled-SWIFT than in normal-SWIFT, even when controlling for task-
differences in the (focused) size of the perceptual span. We also found a
larger global inhibition in the shuffled-SWIFT model (larger ppf parameter).
This result is highly plausible because words in a list are unrelated, and this
should cause strong interference when multiple words are simultaneously
processed. This stronger global inhibition may also cause stronger foveal
load effects in shuffled text reading (Schad et al., 2010), as foveal processing
difficulties inhibit processing of upcoming words.

We also obtained the following parameter differences between the
shuffled-SWIFT and the normal-SWIFT model: For shuffled-SWIFT, the
processing span was estimated to have an overall larger size, as reflected in a
larger d0 parameter. Also, the average rate of the autonomous oculomotor
timer, tsac, was estimated to be larger in the shuffled-SWIFT model
compared to normal-SWIFT. This effect is clearly related to the slower
speed at which shuffled text is read, either due to a mindless eye movement
control (Reichle, Reineberg, & Schooler, 2010; Vitu, O’Regan, Inhoff, &
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for normal-SWIFT and for shuffled-SWIFT. Points/triangles show results from individual estimation

runs; midlines indicate the average of the parameter estimates across 10 estimation runs; error bars

indicate 95% confidence intervals.
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Correlations between predicted and observed values were very high and
positive for single and for the first of multiple fixation durations (rs].80).
Only effects in second fixation durations were not well captured by the
shuffled-SWIFTmodel (rs:!.60). Again, predictions based on the normal-
SWIFTmodel (Figure 6B, upper panel) or on experimental data observed for
normal text reading (Figure 6C) were not successful. Correlations with model
predictions were all negative, and correlations with experimental data were
negative or low (rs5.29).
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Figure 6. Shown are correlations between predicted and experimentally observed eye movement

measures in the test data sets for normal and for shuffled text. Plotted at the ordinates are observed

fixation durations from two tasks (indicated in the left-most column): Normal text reading (A), and

shuffled text reading (B, C). Plotted at the abscissae are predicted fixation durations, where predictions

are based on different sources (which are indicated in the right-most column): Predictions are based on

simulations of the normal-SWIFT model [(A)-upper panel and (B)-upper panel], simulations of the

shuffled-SWIFT model [(A)-lower panel and (B)-lower panel], and observed data from normal text

reading (C). To compute correlations between observed and predicted data, word frequency (left

panel) and length (right panel) were split into bins (the same bins used in Figure 3) and correlations

were computed over average fixation durations per bin. Analyses were repeated for different measures

of fixation durations, including the durations of single fixations (Panels 1"4, counted from left to

right), first of multiple fixations (Panels 2"5) and second fixations (Panels 3"6).

A ZOOM-LENS MODEL OF ATTENTION IN READING 409

D
ow

nl
oa

de
d 

by
 [9

1.
66

.2
42

.6
6]

 a
t 0

6:
55

 2
3 

M
ay

 2
01

2 



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

" G3"

,-./&'0'

U$00('-./$)*"D(.7(()"80(+/9.(+"-)+"$D*(0?(+",/F-./$)"+60-./$)*"/)".5(".(*."+-.-"*(.*",$0")$0%-'"-)+"

*56,,'(+".(F."

"
*4/8,-#"4:&$43/#
5+0&$43/#

;40%$#3"#.+,$4!,-#"4:&$43/#
5+0&$43/#

*-'3/5#"4:&$43/#
5+0&$43/#

*!,4$#61#7305# ,-/8$<# "0-=+-/'1# >-/8$<# "0-=+-/'1# ,-/8$<# "0-=+-/'1#

[F8(0/%().-'"W-.-"A4(*.":(.B"

A-B"T0(+/9./$)"DE")$0%-'&:;<=4"

A-B"g$0%-'" &C\`" &C^`" C"&\^" &C\Q" &C\H" &C2G"

A-B":56,,'(+" &C\P" &C3\" &C^S" &C``" &C\3" &C`3"

"

ADB"T0(+/9./$)"DE"*56,,'(+&:;<=4"

A-B":56,,'(+" &C^^" &C^H" &CPG" &CP3" &CQP" &C\`"

A-B"g$0%-'" &CQ\" &C2S" &C\^" &CS^" &CQ^" &CH2"

"

A9B"T0(+/9./$)"DE"(F8(0/%().-'"

A-B""""+-.-"A)$0%-'".(F.B"

A-B" [F8C" +-.-" A*56,,'(+"

.(F.B"

"

&CQH" &CHG" &C\3" &C3S" &CHS" &CGP"

93$-%?"4$"9$%86.("9$00('-./$)*>"7$0+" '()1.5"-)+" ,0(Y6()9E"7(0("*8'/." /).$"D/)*" A9,C"=/160("3B"-)+"

9$00('-./$)*"7(0("9$%86.(+"$?(0"-?(0-1(",/F-./$)"+60-./$)*"8(0"D/)C"

%$+('" ,$0" .5(" 0(*8(9./?(" .-*@" A-B" *5$6'+" D(" -*" 1$$+" $0" D(..(0" .5-)" 80(+/9./$)*" D-*(+" $)"

(F8(0/%().-'"+-.-",0$%".5("$.5(0".-*@"ADB"$0"%$+('"80(+/9./$)*",$0".5("$.5(0".-*@C"

=/0*.>" 7(" 6*(+" (F8(0/%().-'" +-.-" /)" )$0%-'" .(F." 0(-+/)1" .$" 80(+/9." +-.-" $D*(0?(+"

+60/)1"*56,,'(+".(F."0(-+/)1C"=$0"-''"%(-*60(*"$,",/F-./$)"80$D-D/'/./(*"9$00('-./$)*"D(.7(()"

80(+/9.(+" -)+" $D*(0?(+" ?-'6(*"7(0(" ?(0E" 5/15" A0*" h" C^QBC" 45(*(" 5/15" 9$00('-./$)*" +$" )$."

6)9$?(0"9'(-0'E".-*@&*8(9/,/9"(E("%$?(%()."(,,(9.*>"-)+"7(".5(0(,$0(",$96*"$60"-)-'E*(*"$)"

,/F-./$)"+60-./$)*C"=/160("\"-)+"4-D'("G"*5$7"9$00('-./$)*"D(.7(()"80(+/9.(+"-)+"$D*(0?(+"

+-.-C"[E("%$?(%().*"+60/)1")$0%-'".(F."0(-+/)1"7(0("D(*."80(+/9.(+"DE"*/%6'-./$)*"$,".5("

)$0%-'&:;<=4" %$+('" A=/160(" \!>" 688(0" 8-)('BC" U$00('-./$)*" D(.7(()" 80(+/9.(+" -)+"

$D*(0?(+"?-'6(*"7(0("1()(0-''E"8$*/./?("-)+"5/15"A0*"h"C\H>"(F9(8.",$0"$)("*'/15.'E")(1-./?("

9$00('-./$)BC"_$7(?(0>"80(+/9./$)*",$0",/F-./$)"+60-./$)*"+60/)1")$0%-'".(F."0(-+/)1",-/'(+"

75()"D-*(+"$)".5("*56,,'(+&:;<=4"%$+('"A=/160("\!>"'$7(0"8-)('B"$0"$)"(F8(0/%().-'"+-.-"

$D*(0?(+" +60/)1" *56,,'(+" .(F." 0(-+/)1" A=/160(" \UBC" =$0" .5(*(" 9-*(*>" 9$00('-./$)*" D(.7(()"



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

" GS"

80(+/9.(+"-)+"$D*(0?(+"+-.-"7(0("'$7"A-''"0*"i"CGP>"$)("(F9(8./$)I"0"j"CQ^B"$0")(1-./?("A^"$6."

$," 2G" 9$00('-./$)*BC" R/@(7/*(>" ,/F-./$)" +60-./$)*" +60/)1" *56,,'(+" .(F." 0(-+/)1" 7(0(" D(*."

80(+/9.(+" DE" */%6'-./$)*" $," .5(" *56,,'(+&:;<=4" %$+('" A=/160(" \]>" '$7(0" 8-)('BC"

U$00('-./$)*"D(.7(()"80(+/9.(+"-)+"$D*(0?(+"?-'6(*"7(0("?(0E"5/15"-)+"8$*/./?(",$0"*/)1'("

-)+" ,$0" .5(" ,/0*." $," %6'./8'(" ,/F-./$)" +60-./$)*" A0*" h" C^HBC" N)'E" (,,(9.*" /)" *(9$)+" ,/F-./$)"

+60-./$)*" 7(0(" )$." 7(''" 9-8.60(+" DE" .5(" *56,,'(+&:;<=4" %$+('" A0*" k" &C\HBC" !1-/)>"

80(+/9./$)*"D-*(+"$)".5(")$0%-'&:;<=4"%$+('"A=/160("\]>"688(0"8-)('B"$0"$)"(F8(0/%().-'"

+-.-"$D*(0?(+" ,$0")$0%-'" .(F." 0(-+/)1" A=/160("\UB"7(0(")$." *699(**,6'C"U$00('-./$)*"7/.5"

%$+('"80(+/9./$)*"7(0("-''")(1-./?(>"-)+"9$00('-./$)*"7/.5"(F8(0/%().-'"+-.-"7(0(")(1-./?("

$0"'$7"A0*"i"CGPBC"

;(" 9$)9'6+(" .5-." 8-0-%(.(0" (*./%-.(*" ,$0" D$.5"%$+('*>" .5(" )$0%-'&:;<=4"%$+('"

-)+".5("*56,,'(+&:;<=4"%$+('>"9-8.60(+".-*@&*8(9/,/9"(,,(9.*C"U0/./9-''E>".5(E"+/+")$."$)'E",/."

(E(" %$?(%().*" /)" .5(" .7$" .-*@*C" !++/./$)-''E>" %$+('*" 5/15'E" *699(**,6''E" 80(+/9.(+" (E("

%$?(%().*"/)".5(".(*."*(.*",0$%".5("*8'/."5-',&?-'/+-./$)"80$9(+60(C"

!"#$%&'"()*,?<,+"#,)'-2*A(6*/(,-*'8,*/:)&#"5*<+(5,--")7*-<&)*&44,5'*,:,*

#(C,#,)'-B*

g(F.>"7("/)?(*./1-.(+".5("9$)*(Y6()9(*"$,".5("#$$%"'()*"%$+('",$0"(E("%$?(%().*"

+60/)1" 0(-+/)1C";("5-+"5E8$.5(*/#(+" .5-." 0(?(0*(+"(,,(9.*"$,"7$0+" '()1.5"-)+" ,0(Y6()9E"

*.(%",0$%"-"5/15(0"+E)-%/9"%$+6'-./$)"$,".5("80$9(**/)1"*8-)"DE",$?(-'"7$0+"-9./?-./$)>"

/C(C>"7("5-+"80(+/9.(+".5-."-"'-01(0"!2"8-0-%(.(0"0(+69(*"$0"0(?(0*(*".5("/),'6()9("$,"7$0+"

,0(Y6()9E"$)",/0*.&8-**",/F-./$)"+60-./$)*C"4$".(*.".5/*"80(+/9./$)"/)".5(":;<=4"3"%$+('>"7("

%-)6-''E"+(90(-*(+".5("+E)-%/9"%$+6'-./$)"$,".5("80$9(**/)1"*8-)I"45("!2-++/./?("8-0-%(.(0"

,$0" *56,,'(+&:;<=4" A(*./%-.(+" -*" G\CSQB" 7-*" *(." .$" .5(" ?-'6(" (*./%-.(+" ,$0" .5(" )$0%-'&

:;<=4" %$+('" AGCG`B" -)+" 3HH" %$+('" */%6'-./$)*" 7/.5" .5/*" 0(+69(+" %$+6'-./$)" $," .5("

80$9(**/)1" *8-)" 7(0(" 8(0,$0%(+C" ;(" .56*" +/*()-D'(+" .5(" *.0$)1(0" *8-)&%$+6'-./$)" /)"

*56,,'(+&:;<=4C"

45("0(*6'.*",0$%".5(*("%$+('"*/%6'-./$)*"-0("+/*8'-E(+"/)"=/160("`C"!*"(F8(9.(+>".5("

0(?(0*(+"(,,(9.*"$,"9600().&7$0+",0(Y6()9E"$)"*/)1'(",/F-./$)"+60-./$)*"7(0("-D*()."/)".5("

*/%6'-./$)*C" Z$0($?(0>" .5(" 0(?(0*(+" (,,(9.*" $," 9600().&7$0+" '()1.5" -'*$" +/*-88(-0(+>"

*611(*./)1" .5-."-" *.0$)1"#$$%&'()*" 0(*8$)*(" 9-)"-'*$"(F8'-/)" 0(?(0*(+"(,,(9.*"$," 9600().&



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

" GQ"

7$0+"'()1.5C";("9$)9'6+(".5-.".5("#$$%"'()*"%$+('"$,"-..()./$)>"/%8'(%().(+"-*"-"+E)-%/9"

80$9(**/)1" *8-)" /)" .5(" :;<=4"%$+('>" 9-)" (F8'-/)" A2B" ?-0/-./$)*" /)" .5(" (,,(9.*" $," 9600().&

7$0+",0(Y6()9E"-)+"'()1.5"$)",/F-./$)"+60-./$)*"-)+"AGB"+/**$9/-./$)*"D(.7(()"/%%(+/-9E"

(,,(9.*"-)+"(,,(9.*"$,"+/*.0/D6.(+"80$9(**/)1C"

"
!"#$%&'1'

[,,(9.*"$," .5("+E)-%/9-'"80$9(**/)1" *8-)"$)" *8-./-''E"+/*.0/D6.(+"7$0+"80$9(**/)1C" :5$7)"-0(" .5("

*-%("0(*6'.*"-*"/)"=/160("S"A10(EB>"/)9'6+/)1"%$+('"*/%6'-./$)*"$,"*56,,'(+"A.0/-)1'(*"K"*$'/+"'/)(*B"

-)+" $," )$0%-'" A*Y6-0(*"K" +$..(+" '/)(*B" .(F." -)+" (F8(0/%().-'" +-.-" $)" *56,,'(+" A8$/).*"K" +-*5(+"

'/)(*B" -)+" )$0%-'" A+/-%$)+*" K" +$.&+-*5(+" '/)(*B" .(F." 0(-+/)1C" <)" -++/./$)>" */%6'-./$)*" $," .5("

*56,,'(+&:;<=4"%$+('"-0("80(*().(+>"75(0(".5("*.0$)1"+E)-%/9"%$+6'-./$)"$,".5("80$9(**/)1"*8-)"

7-*" +/*-D'(+" AD'-9@" *.-0*" K" *$'/+" '/)(*>" ll*56,,'(+" c" +('.-2mmBC" 4$8" 0$7I" !?(0-1(" */)1'(" ,/F-./$)"

+60-./$)*"-*"-",6)9./$)"$,"7$0+",0(Y6()9E"$,".5("80(?/$6*"7$0+"A7$0+"9c2>"'(,."9$'6%)B>".5("9600()."
7$0+" A7$0+"9>" %/++'(" 9$'6%)B>" -)+" .5(" )(F." 7$0+" A7$0+"9+2>" 0/15." 9$'6%)BC" T0(+/9./$)*" ,0$%"

*(8-0-.("0(10(**/$)"-)-'E*(*"/)?$'?/)1"96D/9"(,,(9.*"$)"-?(0-1(+"+-.-",$0"(-95"9$)+/./$)"-0("*5$7)C"

]$..$%"0$7I"U$00(*8$)+/)1"8'$.*"-*"-",6)9./$)"$,"7$0+"'()1.5C"

g(F.>"7("/)?(*./1-.(+".5("9$)*(Y6()9(*"$,".5("#$$%"'()*"+E)-%/9",$0"*@/88/)1"9$*.*"

-)+" D()(,/.*C" ;(" -)-'E*(+" ,/F-./$)" +60-./$)*" D(,$0(" *@/88/)1" 75()" .5(" *.0$)1" +E)-%/9"

The results from these model simulations are displayed in Figure 7. As
expected, the reversed effects of current-word frequency on single fixation
durations were absent in the simulations. Moreover, the reversed effects of
current-word length also disappeared, suggesting that a strong zoom-lens
response can also explain reversed effects of current-word length. We conclude
that the zoom lens model of attention, implemented as a dynamic processing
span in the SWIFT model, can explain (1) variations in the effects of current-
word frequency and length on fixation durations and (2) dissociations between
immediacy effects and effects of distributed processing.

Next, we investigated the consequences of the zoom lens dynamic for
skipping costs and benefits. We analysed fixation durations before skipping
when the strong dynamic modulation of the processing span was disabled in
shuffled-SWIFT. As a result, the model did not show the observed skipping
benefits any more. Instead, it produced skipping costs across nearly all word
lengths (see Figure 8). This result suggests that the dynamic modulation of
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Figure 7. Effects of the dynamical processing span on spatially distributed word processing. Shown

are the same results as in Figure 4 (grey), including model simulations of shuffled (triangles & solid

lines) and of normal (squares & dotted lines) text and experimental data on shuffled (points & dashed

lines) and normal (diamonds & dot-dashed lines) text reading. In addition, simulations of the shuffled-

SWIFT model are presented, where the strong dynamic modulation of the processing span was

disabled (black stars & solid lines, ‘‘shuffled ! delta1’’). Top row: Average single fixation durations as a

function of word frequency of the previous word (word N!1, left column), the current word (word N,

middle column), and the next word (word N"1, right column). Predictions from separate regression

analyses involving cubic effects on averaged data for each condition are shown. Bottom row:

Corresponding plots as a function of word length.
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