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S  →  NP VP  "." 
NP  → PropN   |  N  |  N  RC
VP  →  V  ( NP )
RC  →  who  NP  VP  |  who  VP  ( NP )
N  →  boy  |  girl  |  cat  |  dog  |  boys  |  girls  |  cats  |  dogs
PropN    →  John  |  Mary
V  →  chase  |  feed  |  see  |  hear  |  walk  |  live  |  chases  |  

feeds |   sees  |  hears  |  walks  |   lives

Additional restrictions:
     • number agreement between N & V within   clause, and   
       (where appropriate) between head N & subordinate V

     • verb arguments:
            hit, feed  →  require a direct object
            see, hear   →  optionally allow a direct object
            walk, live  →  preclude a direct object

        (observed also for head/verb relations in relative 
clauses) 

                                        
                                             

Table 1
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(d)

(f)

(e)

boys who mary chases ...

boys who mary chases feed ...

boys who mary chases feed cats.

(c)

boys who mary ...
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(a)

(b)

boys ...

boys who ...
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boy sees ...

boy lives ...

boy chases ...
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FIGURE LEGENDS

1.  Network architecture.  Hidden unit activations are copied  along fixed weights (of 1.0) into
linear Context units on a one-to-one basis; on the next time step the Context units feed into Hidden
units on a distributed basis.  Additional hidden units between input and main hidden layer, and
between main hidden layer and output, provide compress basis vectors into more compact form.

0�132 "4657$%"�89�:��;#<! '=?>@��$BA78�$C #DFEHG�=?EI�'<���;B�'JHJI��>KEH<MLN89$C F�I �<!=C"�=?EI�'<O�';#=?�! 6>@�'$PD
boy .  Q $C FD#EHG�=?EI�'<��"�$C R�I���'>K<S"�T"�G�=?EHUV"�=?EI��<M�W;B��$X>@��$%D��TLY$P��Z�89 #DR�F�[G�"�=? #L\�'$C� 1

S
�I=C"�<MD��W;B��$� '<MD#]B�';?]B�I '<!=? �<!G� 

2_^`1a^ 4cb
W
�I=C"�<MD��&;B��$M>K�M��b

N
"�<MD

V
$B �89$B #�I '<d=!<M��Z�<M�W"�<MDeU� '$C�&�Ib

1
"�<MD

2
EH<MD#EHG�"�=? f�IEH<ML'Z�JI"�$X��$

89JHZ9$%"�JHbM"�<MDg=?�\89 g�';WU\ '$C�hEI�NEH<MD#EHG�"�=? FDg�F�
Ni Ri O

2 D#EH$B �Gj=k�'�'lm 'G�=3<M�n83�F�o�IEH�\JH i $C FpYZ9EH$B #D i �'$�'89=?EI��<M"�JI4 1 2 ��4P57$%"�89�q�';r<! �=?>@�'$CAs89$B #DFE�Gj=?EI��<M�F;B�'JHJI��>KEH<ML689$B #�I �<!=C"�=?EI�'<q�';r=?�! W>@��$%D
boys

1

t�1 5u$P"�89�:��;#<! �=?>@�'$CAu89$C FD#EHG�=?EI�'<���;B��JHJI�'>KEH<MLv=?�! s�I #pZ9 �<!Gj #�
boy lives ... 

b
 boy sees ... 

br"�<MD
boy chases ... 

2 =?�! w;_EH$P�I=M8�$C �GjJHZ3D# F�s"KD#EH$C 'G�=k���Ylm �G�= i =?�! [�I �Gx��<MDy��89=_EI��<M"�J&89 '$CzgEH=C�7"{D#EH$B �Gj=�'�'lm �Gj= i "�<MDe=?�! k=_�dEH$%De$C FpYZ9EH$B #�W"sD#EH$B �Gj=����Ylm �G�=B4 1

|�1 57$%"�89�O��;}<! �=?>~��$CA789$B #D#EHGj=?EI��<M��"�;_=? �$9 #"�G���>@�'$PDTEH<�=?�! T�I '<!=? �<!G� 
boys who mary chases

feed dogs .  
EI��EH<d89Z�= 1

��1 5u$P"�89�@��;! 'EILY �<!UV"�JHZ9 #�W�';!=?�! e��s�'$PD# '$C FDe 'EIL' '<!U\ 'G�=C�'$P�� '��=_$P"�G�=? FDeEH<K�rEHzgZ9JI"�=?EI�'< 0�1

�1�� $%"`lm �G�=B��$CEH F��=?�d$%��ZWL'���I=C"�=? ���8W"�G� O;B�'$K�I �<!=? '<dGj #� 2c� "4�"�<�D 2�� ��4 1�� "�G���83��EH<!=Nz�"�$CA���=?�! 
83�F�IE�=_E��'<@"�JI��<MLT=?�! e�I �Gx��<MDe89$BEH<dGjEH89JH kG��'zg83��<! '<!=���;!�!EID�D# '<KZ9<!EH=C�W�I83"�G� i "�;_=? '$�=?�! �E�<MDFEHG�"�=? #D>@�'$PD{��"���F � '<:EH<!89Z9= 1T� "L'<!EH=?ZWD# {��;�=_�d {�I 'G���<MD{89$CEH<!G�EH89JH 7G��'zg83��<! '<!=9EI�Vzg F"��Z�$C FDg"�JI�'<ML
=?�! ��'$PD#EH<M"�=? 'b'=_E�zg 2 E 1  1 i ��$%D# �$N�';d>@��$%D�EH<g�I '<d=? '<!G� F4EI�9zg #"�IZ9$B #DO"�JI�'<MLk=?�! �"��&�IGjEI�o�)" 13� <{=?�!EI�"�<MD:�IZ9���I #pYZ� �<!=�LY$P"�89�M��=?�! f�� '<!=? �<!G� ']_;_EH<M"�J#>@��$%DeEI��z�"�$CA\ #Df>KEH=?�h"

]S
1

� 16� $P"`lm 'G�=C��$BEH #��=?�!$P�'Z3LY�@�I=C"�=? f��8W"�G� eDFZ9$CEH<MLT89$P�'G� F�)��EH<MLw��; 2c� Gx4!"�<�D 2c� D�4 1

��1V� $P"`lm 'G�=C��$BEH #�!=?�!$P�'Z3LY�[�I=C"�=? ���8W"�G� N;B�'$6�I '<d=? '<!G� F� 2c� "4 i 2c� ��4 i "�<�D 2c� G�4 1 Q $BEH<!G�EH89JH NGx��zg83�'<! �<!=� EI��89JI��=?=_ #D:"�JI�'<ML�=_�d f"��&�IG�EI�)�)"�bs89$BE�<!GjEH83"�J#G���zg83�'<! �<!= t EI��89JI�'=?=? #DR"�JI��<MLT=?�! e�'$PD#EH<M"�=? 1

��1�� $P"`lm 'G�=C��$BEH #�{=?�!$P��ZWLY���I=C"�=? ��I83"�G� y;B�'$��I �<!=? �<!Gj #� 2_� �"�]BD&4 1 Q $BE�<!GjE�8�JH �Gx��zg83�'<! �<!= � EI�D#EI�I89JI"��\ #DR"�JI��<MLT=?�! e"��&�IGjEI�o�)"�bs89$BEH<!G�EH83"�J#G��'zg83��<! '<d= �� E���89JI�'=?=? FD:"�JI��<MLT=?�! e�'$PDFEH<�"�=? 1



��������� 	���
��.��

�B�}�h�\����¡ e�C¢C£�¤& �¢C¤�£�¥��W�¡¦h ��¦�¦&¥ �¢C���¦&�§�B¢��B�9�B¢¨¥���%©Wª�«�¬�c®B_¯�_°d±&²B³&¬�´�±_±_cµ�´�³�¯�´j¶
· ¢j©e¸F�¹&¦Wº�»¼©½º:¾ »� �¿À��¥�¡�¨ÁY¦WÂdº�¸�©ÄÃ�©eÅ_�¡¦ÇÆd£�¥��%�PÈ_©eÃ3¥�Á'£j¦��¡¦�ÉÇÁ'¦6ÂÊÁ'ÆdÆd�¡�}�¡¦�ÉË ��¦&¢¨¥Ì#¢¨¤6Á'�

 ��¦6�C¢C£�ÁY�¡¦�¢P�Í�¡¦ �C¥¦&¢¨¥¦& �¥  j��gÆd£�¥¹&¥¦W�B���¦6©ÏÎ3¥ �¹�¦&�� xÁ'�ÑÐX¥Æd�£j¢j©ÏÒ�¥ÆVÁY£�¢C�h¥¦�¢Ó�ÔÕ �B�} j¹���¡�É}��©F¿kÁY£�¦�¥É#��¥�Öc»�¥���¡�¦h×n¦��¡Ø}¥£x�C�¡¢C�9©
· ¢¨¥�h�\¥£�É}¥£xºx¸�© Õ ©xÅBÙ\ÚFÛ\Ü\È_©[Ý&Þ�´s±_´jß_¯�à³á_³á°gâgàã&´�±�à�®N±_°d³#µWä#°�µ�´6åV«jàãWä#¯j¬�_à³�¶gæn¥çéè��£�êÀëì Á'£j�§ÁY¦WÂ Õ ¤��\�¡�§�B¹��¡¦�É�©
· ¢¨�¡¦� j¹� ���h�\¥�ºí»�©½ºÀ¾ïîð¹&��¢C¥�ºíñ@©SÅBÙ\Ú\Û\ÚFÈ_©í×n¦��¡Ø}¥£x�PÁY�7ÁYÆdÆd£��Ì#����ÁY¢¨�¡�¦Ï¤W�B�¡¦�ÉáÔ_¥¥�Â�Ô_�£�çOÁ'£xÂ

¦&¥¢¨ç��£�êÀ�3ç���¢C¹g¦��¦6Ö_�C�¡É}�h��¨Â�¹&�¨Â�Â�¥¦g�¨ÁY�}¥£�ÁY �¢C�¡Ø9ÁY¢C���¦gÔ_¤&¦� �¢C�¡�¦W�%©kò3«�à¯j´�´�ã�_³Fµ9óXà�®W¬�Þ�´
²ô³�¬I´�«�³�°d¬I_à³�°d±�õ�à_³&¬vöÀà³#®B´�«j´�³�¯j´Xà³{÷g´�ä#«j°d±#÷g´�¬oøXà«�ù\ó§ú&îûÁF�B¹��¡¦�É#¢¨�¦6º'ÒO©½¿k©

· ¢¨��¨ü'º�îû©VÅBÙFÚ\ý\þ\È_© ÿ �B¢C¤WÂ����Ô7¢¨¹&¥ ÁY�F�¡�¡�¡¢¨��¢C� Â�¥ ���Â�¥áÉ#£�ÁY�h��ÁY¢C�� xÁ'�¡�¡��¦��Ø}¥�w�C¥¦�¢C¥¦� j¥��P©
õ&à�ä#«�³�°d±&à�® � ´j«��Y°d±��3´�°d«�³&_³#µg°d³�ã � ´�«��'°d±��X´jÞ�°
	j_à«§ú6ý\º\Û\ýFþ\Ö_Û\þ��\©

Î�ÁY¦�¥¦�¹6Á'¤6�PºÀ»�©�O©½º ì Á'£j¦W�B¥�}¹Wº · © »�©½ºk¾��k��¨Á'¦6ÂdºM¸�© Å_�¡¦ûÆd£�¥��%�PÈ_©Ó¿M��h�\��¦6Á'¢C�£�� �¡¥Ì}�¡ �ÁY�
�¡¦�Ô_�£j��ÁY¢C���¦@ÁY¦WÂk�¨ÁY¦�É}¤6Á'É#¥X ���hÆd£�¥¹�¥¦6�C�¡�¦W©�� ¦ ì ©)ÿk�¡¢¨��ÁY¦�¦KÅ���Âd©½È_º�öÀà�µ9³�_¬I�	j´���àã�´�±_ó
à�®��9å�´�´j¯�Þ ò3«�à¯j´�ó�ój_³#µ�� ò3ó���¯�Þ&à±?_³Fµ3äF?ój¬�_¯ °d³�ã öMàâ{å�ä#¬�°d¬I_à³�°d±Çò3´�«�ó¨åV´j¯�¬��	j´jó�¶
¿kÁY�g�\£��¨Â�É}¥�ºY»yÿeëu»�� Î Õ £�¥��P�%©

Î3�¤�£j¥¢jüoêí��º\Òq© · ©áÅBÙ\ÚFÛ\ý\È_©��k��¡¢jü'¿! �æ · ëáÐX¥ j�¦� ��¡�¡�¡¦�Éh ��¦�¦�¥ j¢¨�¡�¦&�§�B� ç��¡¢¨¹S¢C¹�¥O£�¥ �¤&£��B��Ø#¥
¦6Á'¢C¤�£j¥á�Ôn�B¢jÁY �ê3�gÁ'¦6Â�¢¨£j¥¥��P©&ò3«jà¯�´�´�ã&_³#µ9óRà�®n¬IÞ�´#"Xcµ�Þ�¬�ªu³�³6ä#°d±nöÀà³#®B´�«j´�³�¯j´:à�®{¬�Þ�´
öÀà�µ9³&_¬��	j´!�3¯�_´�³&¯�´��Wà¯�_´�¬$��¶KñK�¡�¡�¨�PÂdÁY�¡¥�ºYæ[© ¸&©�ëuÃ�ÁYç�£�¥¦& �¥%�k£��¡��Á'¤&��©

Î3�¤�£j¥¢jüoêí��º[Òq© · © ÅBÙ\ÚFÛ\Ú\È_©[Ðk¤��¡¥�� ÁY¦WÂÍ��ÁYÆ�� �¡¦  ��¦&¦�¥ �¢C�¡�¦��¨�C¢ �C�#�h�F�� Æd£�� �¥��%�C�¡¦&É9©
Î3¥ j¹�¦��¡ �ÁY�MÐk¥Æd�£�¢e¿M»�×[Ö_¿ · Ö_ÛFÚ\Ö_Ù\ÜFÛ\ºFÒ�¥Æ�ÁY£�¢C�g¥¦&¢k�Ô�¿À��gÆd¤�¢C¥£ ·  j��¥¦& �¥�º&¿XÁY£�¦�¥É#�¡¥�Ö
»y¥�¡�¡�¦h×n¦��¡Ø}¥£��B�¡¢¨��©

Î3�¤�£j¥¢jüoêí��º6Òq© · © ÅBÙFÚ\Û\ÚFÈ_© Î3�çOÁ'£xÂ��yÁ� ��¦&¦�¥ �¢C�¡�¦��¨�C¢RÆd¹��¦���¡�É}��ë Î3¹�¥'&¨��ÁY¦�����ÁYÆV��(
ÁYÆdÆd£���ÁY �¹á¢C�[�C¥*)\¤�¥¦& �¥w��ÁY¦��¡Æd¤��¨ÁY¢C���¦6©wò3«�à¯�´j´�ã�_³Fµ9ósà�®�¬�Þ&´,+�+Y¬�Þ:ªu³�³6ä#°d±�öMà³F®B´�«�´�³&¯�´
à�®6¬�Þ�´eöMà�µ�³�_¬��	P´��3¯j?´j³�¯�´!�3à¯�_´j¬$�úvÙFÛ\Û\Ö_ÙFÚ\Ü\©

Î3�¤�£j¥¢jüoêí��ºíÒO© · ©�ºÀ¾ïñK�¡¦�¢C�¦Wº ì ©-��©9ÅBÙFÚ\Û\Ü\È_© · �}�h�\��§�OÁY�g�¦&Éá¢C¹�¥h¦�¥¤�£��¦6�Pë Ò�¥¢PÁY�¡�§���Ô�Á
 ��¦&¦�¥ �¢C�¡�¦��¨�B¢���¦&Ô_¥£�¥¦� j¥fÁY£� �¹&��¢C¥ �¢C¤�£j¥�©)ò3«jà¯�´�´�ã&_³#µ9ó6à�®V¬IÞ�´&÷[_³&¬�ÞO²B³&¬�´�«j³�°d¬�_à³�°d±�õ&à_³�¬
öÀà³#®B´�«j´�³�¯j´Xà³{ªu«j¬�c®B_¯�_°d±�²ô³�¬I´�±_±_cµ9´�³&¯�´§ú.�3àóÀªu³Fµ9´�±_´jó�¶

Î3�¤�£j¥¢jüoêí��º�ÒO© · ©½º:¾ îð¹&¥¥��¥£xº�ÒO©Äîû© ÅBÙFÚ\Û\Ú\È?© ÿ  j�¦�¦�¥ �¢C�¡�¦��¨�B¢S���hÆd�¡¥�g¥¦&¢jÁY¢C�¡�¦Ç�Ô
 ��É#¦��¡¢C�¡Ø}¥hÆd¹��¦���¡�É#�9©ÏÎ3¥ �¹&¦��¡ �ÁY��ÐX¥Æd�£�¢O¿M»�×gÖ_¿ · Ö_ÛFÚ\Ö_Ù0/�/&© Õ �¡¢C¢P�C�\¤�£�É#¹Wë3¿kÁY£�¦�¥É#�¡¥
»y¥�¡�¡�¦h×n¦��¡Ø}¥£��B�¡¢¨��º ·  �¹&���í�ÔW¿À��hÆ�¤&¢¨¥£ ·  ��¡¥¦� �¥�©

1 Á'¦ ì ¥�¨Â�¥£�ºNÎT©Ä¸�©NÅ_�¡¦ÑÆd£�¥��%�PÈ_© ¿À��gÆd���B��¢C�¡�¦WÁY�¡�¡¢¨��ë 1 ÁY£��¨Á'¢C�¡�¦W�h�¦ÓÁ  ��¨Á\�P�B�¡ �ÁY�f¢C¹�¥�h¥�©
öÀà�µ9³&_¬��	j´!�3¯�_´�³&¯�´�¶



��������� 	���
��.��

×n¦��¡Ø#¥£��C�¡¢C�n�ÔW¿kÁ'�¡�¡Ô_�£�¦&�§Á\º · ÁY¦hÒ��¡¥É}��©
Ðk¥�� j¹Wº Õ © ÿ32�ºd¾ûÒ�¥�¡�¨º ì © · ©xÅBÙFÚ\þ\þFÈ_©�43��¦&�¡¢¨¥¦&¥��P�uÁ'¦6Âf¥�h�\¥�ÂdÂ���¦&É9©5� ¦6�e©ÄÃ�©��k�¨ÁY¦W�C�¡¢C¢Pº�¸\£�©½ºd¾Õ ©Y»�ÁY¹�¥£kÅ��eÂ��%©½È_ºFÝ&Þ�´eÝ&Þ�_«�ã7�9ªqö�89�;:3à«xä#â�©K¿À��¡¤��h�F�¨Á\º · ¿këuñK�£�¦��\¥�ÁY� Õ £�¥��%�P©
Ðk¤��h¥��¹6Á'£j¢jº�Òq©��e©½º�ñK�¡¦�¢C�¦Wº ì ©��e©½ºé¾ î �¡���¡�¨ÁY���%º¼Ðe©Ä¸�©¼ÅBÙ\Ú\ÛFý\È_©¼Ã3¥�ÁY£�¦&�¡¦�É �¡¦�¢C¥£�¦6Á'�

£�¥Æd£j¥��C¥¦&¢jÁY¢C���¦6�~�\�û¥£�£j�£�Æd£��Æ�ÁYÉ9ÁY¢¨�¡�¦6©<� ¦ Òq©-��©kÐk¤��h¥�¡¹WÁY£�¢ð¾ ¸�©ÄÃ�©�»y �¿À�¡¥���¨ÁY¦WÂ
Å��eÂd�P©�È_º7ò3°d«�°d±_±_´j±hã�_ój¬�«���\ä#¬�´jã�åV«jà¯�´�ójó�_³#µ=�>"kß�å�±_à«�°d¬�_à³&ó _³Í¬IÞ�´�âg_¯j«�àó�¬�«xä#¯�¬)ä#«�´�à�®
¯�à�µ�³�_¬�_à³@? � à±?¶.+BA%©\¿kÁ'�h�\£��¨Â�É}¥�ºY»yÿeëY»�� Î Õ £�¥��%�%©

Ðk¤��h¥��¹6Á'£j¢jº&Òq©��<2�ºW¾Ê»y �¿À�¡¥�¡�¨Á'¦6Â�º&¸&© Ã�©�ÅBÙ\Ú\ÛFý\Á\È_© Õ Ò Õ »���Â�¥�§�RÁY¦WÂ~É}¥¦&¥£�ÁY���¨�%�C¤&¥��e�¡¦
 ��É#¦��¡¢C�¡Ø}¥ �B ��¡¥¦� �¥�© � ¦ Òq©��e©hÐX¤&�g¥�¡¹WÁY£�¢ï¾ ¸�© Ã�©g»� �¿M�¡¥�¡�¨ÁY¦WÂÇÅ��eÂ��%©½È_ºRò3°d«�°d±_±_´�±
ã&?ój¬�«���\ä#¬I´�ã�å�«�à¯�´�ójó�_³#µ=��"Xß�å�±_à«j°�¬I_à³�óO_³¼¬�Þ�´Oâh_¯�«jàó�¬�«�äF¯�¬oä#«j´Oà�®f¯jà�µ9³�_¬I_à³C? � à±_¶9+BAP©
¿kÁY�g�\£��¨Â�É}¥�ºY»yÿeëY»�� Î Õ £j¥��P�%©

Ðk¤��h¥��¹6Á'£j¢jºjÒq©-�32�ºx¾ »y �¿À�¡¥�¡�§ÁY¦WÂdºj¸�©ÄÃ�©jÅBÙFÚ\Û\ýY�&È_©9 �¦O�¡¥�ÁY£�¦��¡¦�É�¢C¹�¥�Æ�Á\�C¢�¢C¥¦W�B¥��V�ÔD�k¦�É}�¡�¨�C¹
Ø#¥£����P© � ¦ ÒO©��e©RÐk¤��h¥�¡¹WÁY£�¢Ë¾ ¸�©ÄÃ�©[»y x¿M�¡¥�¡�¨Á'¦6ÂÓÅ���Âd�%©½È_ºOò3°d«�°d±_±_´�± ã�_ó�¬�«j��FäF¬�´�ã
å�«�à¯j´�ó�ó�_³Fµ��E"Xß�å�±_à«�°d¬�_à³&ón_³ ¬�Þ&´nâh_¯�«�àó�¬I«�ä#¯j¬oä#«�´{à�®�¯�à�µ9³&_¬�_à³F? � à±_¶!+GA%©M¿XÁY�h�\£��¨Â�É}¥�º
»yÿeëY»�� Î Õ £j¥��P�%©

· Á'�¨Á\�C���º#ÿe©½º�¾ Õ �¨�C�¦&�§º#ÒO©��e©#ÅBÙFÚ\Û\Ü\È_©��_¦&¢¨¥£xÁ' j¢¨�¡�¦y�Ô3êí¦��ç���¥�Â�É#¥h�B�¤�£j �¥��k�¡¦��CÆd�êí¥¦yç��£�Â
�¨Â�¥¦�¢C�¡Ô_�� xÁ'¢C�¡�¦W©�õ&à�ä#«�³&°d±�à�®=��´�âgà«H�q°d³�ã7�3°d³#µWä#°�µ9´¨ú�I�JYú�K�Ù�LFÖMK.�\Ù\©

· Á'¦&É}¥£�º}ÒO©rÅBÙ\Ú\ÛFÚ\È_©9¿À�¦�¢C£��¡�F¤&¢¨�¡�¦ ÁY¦WÁY�¡�9�B�§�%ëOÿ ¢C¥ �¹&¦��N)F¤&¥nÔ_�£KÁ\�P�B�¡É}¦��¡¦�É:£j¥��CÆd�¦W�B�¡�F�¡�¡�¡¢C��¥��
¢C� ¹��¨ÂdÂ�¥¦Ç¤�¦��¡¢P�S�¡¦Ç ��¦&¦�¥ �¢C�¡�¦��¨�C¢S¦�¥¢Cç��£�ê3�P©�Î3¥ j¹�¦��¡ �ÁY�hÐX¥Æd�£�¢ ¿M×gÖ_¿ · ÖM/.�\Ü\Ö?Û\Ú\º
Ò�¥ÆVÁY£�¢C�h¥¦�¢3�ÔW¿À��hÆd¤�¢C¥£ ·  ��¡¥¦� j¥�º'×n¦��¡Ø#¥£��B��¢C�n�ÔW¿À��¡�£�Á\Â��º0�k�¤��¨Â�¥£�©

·  �¹��¡¥��B��¦&É}¥£�º��B© »�©�ÅBÙ\Ú\þFÙ\È_©� �¦q�¡�¡¦�É#¤��¨�B¢¨�¡ W ���hÆd¥¢C¥¦� �¥�©O� ¦qèu©P��ÁY£�ÖcñK�¡�¡�¡¥�#Å��eÂd©½È_ºôò3«j°�µ9âh°d¬�_¯�ó
à�®&÷[°d¬oäF«�°d±��3°d³#µWä#°�µ�´�ó�¶qÒ��£�Â�£�¥ j¹�¢Pº'ñK��¡�¨ÁY¦WÂdëuÐk¥�§Â�¥�¨©

· ¥RQI¦��çO�Cê9�§º�Î�© ¸&©�º#¾�Ðk���C¥¦&�\¥£�É9º#¿k©ÄÐe©�ÅBÙ\ÚFÛ\þ\È_© Õ ÁY£�ÁY���¡¥�!¦�¥¢Cç��£�êÀ�3¢¨¹6Á'¢À��¥�ÁY£�¦[¢C�uÆd£��¦��¤&¦� �¥
�k¦�É#���¨�B¹g¢C¥Ì#¢j©FöMàâ{å�±_´�ß%�S��ój¬�´�âhó§úT+)úvÙU/�Ü\Ö_Ù\ýFÛ\©

· ¥£�Ø9ÁY¦WÖ ·  �¹&£�¥�¡�F¥£xº&Òq©�º6¿À�¡¥¥£�¥��Á'¦6�Pº�ÿe©½º6¾ »� �¿À��¥�¡�¨ÁY¦WÂdº&¸�©ÄÃT©&Å_�¡¦¼Æd£�¥��%�%È_© ì £xÁFÂ�¥�Â �B¢PÁ'¢C¥
��ÁY �¹��¡¦�¥��%ëÓÎ3¹&¥ð£�¥Æd£�¥��B¥¦�¢PÁY¢¨�¡�¦ �Ôw¢C¥�hÆd�£�ÁY�e ��¦�¢C�¡¦�É#¥¦� ��¡¥��[�¡¦ �C�¡�hÆd��¥ £�¥ �¤&£�£�¥¦&¢
¦&¥¢¨ç��£�êÀ�%©9��°�¯jÞ�_³�´!�3´�°d«�³&_³#µ��0�9å�´�¯j_°d±�²ôó�ó�äF´Xà³{÷g´�ä#«j°�±F÷g´�¬oø�à«jùFój¶

· ¹WÁ\�C¢C£��¨ºwÃT©½º[¾ ÿ�QVQ)ÁY¦WÁYÉ9Á\ÂdÂ�¥�º 1 © ÅBÙFÚ\Û\ÚFÈ_©nÿ  ��¦�¦&¥ �¢C���¦&�§�B¢ �C���C¢C¥� Ô_�£ £j¤��¡¥Ñ��ÁF�B¥�Â
£�¥�Á\�B�¦��¡¦�ÉKç���¢C¹~�h¤��¡¢C�§ÖcÆd�¨ÁY �¥fÆd£�¥�Â��¡ �ÁY¢¨¥��7ÁY¦WÂwØ9ÁY£��¨ÁY�\��¥��%©wÎ3¥ �¹�¦&�� xÁ'�&Ðk¥Æ��£j¢6» · Ö_¿!� · Ö
Û\Ú�LFÜ\º ¿À��gÆd¤&¢¨¥£ ÁY¦WÂ � ¦�Ô_�£���ÁY¢¨�¡�¦ ·  ��¡¥¦� �¥ Ò�¥Æ�ÁY£�¢C�h¥¦�¢Pº ×w¦&�¡Ø}¥£��B�¡¢¨� �ÔÕ ¥¦&¦W�C�#�¡Ø9ÁY¦��¨Á\©

· �g��¡¥¦W�Bêí��º Õ ©7ÅBÙ\Ú\ÛFþ\Á\È_©W �¦ Ø9ÁY£��¨ÁY�F�¡¥û�F�¡¦WÂ��¡¦�ÉÊÁY¦WÂ ¢¨¹&¥ £j¥Æ�£j¥��C¥¦&¢jÁY¢C���¦ �Ô��C�#�g�\��¡�¡ 
�B¢¨£j¤� �¢C¤�£j¥�� �¡¦  ��¦�¦&¥ �¢C���¦&�¨�C¢ �B�9�B¢¨¥���%© Î3¥ j¹�¦��¡ �ÁY� Ðk¥Æd�£�¢ ¿M×gÖ_¿ · Ö��\Ü\Ü\Ö?Û\þ\º
Ò�¥ÆVÁY£�¢C�h¥¦�¢3�ÔW¿À��hÆd¤�¢C¥£ ·  ��¡¥¦� j¥�º'×n¦��¡Ø#¥£��B��¢C�n�ÔW¿À��¡�£�Á\Â��º0�k�¤��¨Â�¥£�©

· �g��¡¥¦W�Bêí��º Õ ©rÅBÙ\ÚFÛ\þY�&È_©E X¦�¢C¹�¥nÆd£��Æd¥£7¢¨£j¥�Á'¢C�h¥¦�¢��Ô� j�¦�¦�¥ �¢C�¡�¦��¨�B��©rÎ3¥ j¹�¦��¡ �ÁY�VÐX¥Æd�£j¢
¿À×gÖ_¿ · Ö��\þFþ\Ö_Û\þFºSÒ�¥Æ�ÁY£�¢C�g¥¦&¢ï�ÔÊ¿À��gÆd¤&¢¨¥£ ·  ��¡¥¦& �¥�º�×n¦��¡Ø#¥£��C�¡¢C� �ÔÊ¿À��¡�£�Á\Â���º
�k�¤��¨Â�¥£�©

· �g��¡¥¦W�Bêí��º Õ ©%ÅBÙ\ÚFÛ\þY �È_© Õ ¤�¢C¢¨�¡¦�Ée¢C�É}¥¢C¹�¥£N ��¦�¦&¥ �¢C���¦&�¨�C� Ö!ÁYÉ9ÁY�¡¦W©%Î3¥ �¹&¦��¡ �ÁY��ÐX¥Æd�£�¢�¿À×gÖ
¿ · Ö��\þ\Û\Ö_ÛFþ\ºYÒ�¥Æ�ÁY£�¢C�g¥¦&¢3�ÔW¿À��gÆd¤�¢C¥£ ·  j��¥¦& �¥�ºY×n¦��¡Ø}¥£��B�¡¢¨�n�Ô6¿M��¡�£�Á\Â���º0�X�¤&�§Â�¥£x©

· �g��¡¥¦W�Bêí��º Õ ©jÅBÙ\Ú\Û\ÛFÈ_©X X¦O¢C¹�¥sÆd£��Æd¥£v¢C£�¥�ÁY¢¨�h¥¦�¢V�Ô! ��¦&¦�¥ �¢C�¡�¦��¨�C��©Ý&Þ�´T�k´�Þ�°
	j_à«j°d±d°d³�ã
�k«�°d_³7�3¯�_´�³&¯�´�ó§úT+�+Y¶

· �g��¡¥¦W�Bêí��º Õ ©Å_�¡¦~Æd£�¥��%�PÈ_©wÎ3¥¦W�B�£TÆ�£j��Â�¤� �¢6Ø�ÁY£��¨Á'�\�¡¥e�\�¡¦WÂ��¡¦�É@ÁY¦WÂw¢¨¹&¥e£j¥Æd£�¥��C¥¦&¢jÁY¢C�¡�¦@�Ô
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Ã�ÁYêí�Ô_ÔBº ì © ÅBÙ\Ú\ÛFþ\È_©TYRàâg´�³Fú%:3_«�´§ú�°�³&ã'Zq°d³#µ�´�«�à�äFóyÝ&Þ�_³Fµ9ó��[Y:Þ&°d¬OöM°d¬�´¨µ9à«�_´jó]\f´�	j´�°d±
°
�Yà�ä#¬V¬�Þ�´!�y_³�ã&¶�¿À¹��¡ �ÁYÉ}��ëu×n¦��¡Ø#¥£��B��¢C�n�ÔW¿À¹��¡ �ÁYÉ}� Õ £�¥��%�P©

Ã�ÁY¦�É�Á' jêí¥£�ºïÐe©Äîû©ïÅCÙ\Ú\Û\þFÈ_©^:3à�ä#³�ã&°�¬I_à³�ó à�® öÀà�µ9³&_¬��	j´ _�«j°dâgâh°d«�� Ý&Þ�´�à«j´�¬�_¯�°d±
ò3´j«�ó§å�´�¯j¬��	j´�ój¶ � à±Bä#âh´<+'¶ · ¢PÁ'¦&Ô_�£�Âdë · ¢jÁY¦�Ô_�£�Âe×n¦��¡Ø}¥£��B�¡¢¨� Õ £j¥��P�%©

Ã�ÁY¦�É�Á' jêí¥£�ºrÐe©Äîû©OÅBÙFÚ\Û\ÛFÈ_©}ÿ ¤6�PÁYÉ#¥�Ö���Á\�C¥�Â{�h��Â�¥�¨©döXäF«�«�´�³&¬3²ôó�óxä#´�ó7_³`�3_³#µWä#_ó�¬�_¯KÝ&Þ�´�à«H�úa.b úvÙ0K�þFÖ_Ù\ý\ÙF©
»�ÁY �î ¹��¡¦�¦&¥�9ºc��©�ºvÃ3¥�¡¦���ÁY �¹WºN¸&©�ºvÎ�ÁY£�ÁY��Á'¦6ºvÐe©½ºu¾ »� �Ò��¦6Á'�¨Âdºv¸�©ÇÅBÙFÚ\Û\ÚFÈ_©ÇÃ�ÁY¦�É}¤6Á'É#¥

�¡¥�ÁY£�¦��¡¦�É�ëK¿À¤�¥��W�£X£j¤��¡¥��edÏõ�à�ä#«j³�°d±�à�®=��´�âhà«��q°d³&ãf�3°d³#µWä#°�µ�´§ú.I�gYú�K�Ü\Ü\ÖMK&þ\þ\©
»�ÁY£��B�¡¥¦WÖcî ���¨�B�¦Wºjî ©�º�¾ ÎW�}�¡¥£�ºjÃ�©�q©jÅBÙ\ÚFÛ�L\È_©�ÎW¹�¥�¢C¥�gÆd�£xÁ'�&�B¢C£�¤� j¢¨¤&£�¥��ÔV�BÆd�êí¥¦q�¨ÁY¦�É#¤WÁYÉ}¥

¤&¦WÂ�¥£��B¢jÁY¦WÂ��¡¦�É�©nöÀà�µ9³&_¬�_à³#ú.gYúvÙ\Ö_þFÙ
»y x¿M�¡¥�¡�¨Á'¦6Âdº�¸�©ÄÃ�©nÅBÙ\ÚFÛ\þ\È_©wÎ3¹&¥f �Á\�C¥wÔ_�£T�¡¦�¢C¥£�ÁY �¢C�¡�¦��¨�C� �¡¦~�¨ÁY¦�É#¤WÁYÉ}¥fÆd£�� j¥��P�B�¡¦�É9©f� ¦~»¼©

¿À��¡¢¨¹&¥�Á'£j¢áÅ��eÂd©½È_º3ªu¬�¬�´j³�¬�_à³ °d³&ã åV´j«§®Bà«�âh°d³�¯�´6h�²ô²i� Ý&Þ�´~å�ó���¯jÞ�à±_à�µj�Ñà�®�«�´�°dã�_³Fµ9¶
Ã3�¦6Â�¦6ëU�k£��¡��ÁY¤���©

»y x¿M�¡¥�¡�¨Á'¦6Âdº#¸�©ÄÃ�©�º · ¢j©F¸\�¹�¦WºF»�©½º&¾éÎ�ÁY£�ÁY�&ÁY¦WºFÐe©[ÅBÙ\Ú\ÛFÚ\È_© · ¥¦&¢¨¥¦& �¥K ���hÆd£�¥¹�¥¦6�C�¡�¦Wëgÿ
Æ�ÁY£�ÁY�¡��¥� Â��§�B¢C£��¡�F¤&¢¨¥�Â Æd£�� �¥��%�C�¡¦&É Á'ÆdÆd£���ÁY �¹6© »�ÁY¦�¤6�C j£��¡Æd¢j© Ò�¥Æ�ÁY£�¢C�g¥¦&¢ �ÔÕ �B�} j¹���¡�É}��ºF¿kÁY£�¦�¥É#��¥�»y¥�¡�¡�¦g×n¦��¡Ø#¥£��B��¢C�9©�©

»y j»y�¡���¨ÁY¦Wº9¿k©½º9¾ · �g��¡¥¦6�Cêí��º Õ ©rÅBÙ\Ú\Û\ÛFÈ_©}ÿk¦WÁY�¡�9üo��¦&É�Áw ��¦�¦&¥ �¢C�¡�¦��¨�C¢��h��Â�¥�NÁ\��Á[�B�9�B¢¨¥�
�ÔN�C�Ô_¢v£�¤��¡¥��%©�Î3¥ �¹&¦��¡ �ÁY��Ðk¥Æd�£�¢7¿M×gÖ_¿ · Ö���L��FÖ_Û\Û\º�Ò�¥Æ�ÁY£�¢C�g¥¦&¢6�ÔN¿À��gÆd¤�¢C¥£ ·  ��¡¥¦� �¥�º
×n¦��¡Ø#¥£��C�¡¢C�n�ÔW¿À����£xÁFÂ���º0�k�¤��¨Â�¥£�©

»y�¡�¡êíêí¤&�§ÁY�¡¦�¥¦Wº�Ðe©½ºv¾ Ò��}¥£�º�»¼© ÅBÙ\ÚFÛ\Ú\ÁFÈ_©k�X¦& ���Â��¡¦�É��¡¦�Æd¤�¢el½�¤�¢CÆd¤�¢f£j¥Æd£�¥��C¥¦&¢jÁY¢C�¡�¦W�w�¡¦
 ��¦&¦�¥ �¢C�¡�¦��¨�B¢  j�É}¦��¡¢C�¡Ø}¥ �B�9�B¢C¥���%© � ¦ Òq© · ©hÎ3�¤�£�¥¢Püoêí�9º ì ©-��©hñK��¦&¢¨�¦6º�¾ Î�© ¸&©· ¥RQI¦&�çq�Bêí�&Å��eÂd�P©½È_º�ò3«�à¯�´j´�ã�_³Fµ9ósà�®N¬IÞ�´,+Um�g�g�öÀà³�³�´j¯�¬�_à³&_ó�¬��yàã�´�±_ó9��äFâgâh´�«9�3¯�Þ&àà±_¶
Ã3���Wÿk�¡¢¨���%º\¿Mÿeëu»y�£�É�ÁY¦fOÁ'¤&Ô_��ÁY¦�¦ Õ ¤��\�¡�¨�C¹&¥£��P©

»y�¡�¡êíêí¤&�§ÁY�¡¦�¥¦WºíÐ�©�ºM¾ Ò��#¥£�º!»¼©!ÅBÙ\ÚFÛ\ÚY�&È_©Sÿ �h��Â�¤��¨ÁY£n¦�¥¤&£�ÁY�6¦&¥¢¨ç��£�ê ÁY£� �¹&��¢C¥ �¢C¤�£j¥[Ô_�£
�B¥*)F¤&¥¦�¢C�¨Á'� Æ�Á'£xÁ'Æd¹&£�Á\�C�¡¦�É �ÔÊ�B �£��¡Æd¢PÖc�&Á\�B¥�Â �B¢C�£��¡¥��P© � ¦ ò3«�à¯�´�´jã�_³#µ�ó à�® ¬�Þ�´
²ô³�¬I´�«�³�°d¬I_à³�°d±�õ�à_³&¬vöÀà³#®B´�«j´�³�¯j´Xà³{÷g´�ä#«j°d±#÷g´�¬oøXà«�ù\ó§ún�o���!�e©

»y��üo¥£�ºf»�© ÅBÙ\Ú\Û\ÛFÈ_©fÿ Ô_� j¤W�C¥�Â ��ÁY �êÀÖcÆd£��Æ�ÁYÉ9ÁY¢C�¡�¦ ÁY�¡É}�£��¡¢C¹�� Ô_�£�¢C¥�gÆd�£xÁ'�@Æ�ÁY¢C¢¨¥£�¦
£�¥ j�É}¦&��¢C�¡�¦W©sÎ3¥ j¹�¦��¡ �ÁY�:Ðk¥Æ��£j¢Ï¿ÀÐ ì ÖcÎ3ÐeÖ_ÛFÛ\Ö��\ºsÒ�¥Æ�ÁY£�¢C�h¥¦�¢P���Ô Õ �B�} �¹&��¡�É}� ÁY¦WÂ
¿À��hÆ�¤&¢¨¥£ ·  ��¡¥¦� �¥�ºY×n¦��¡Ø}¥£x�C�¡¢C�n�Ô�Î3�£��¦�¢C��©

»y��üo¥£�º'»�©�¿X©�º#¾ · �g��¡¥¦6�Cêí��º Õ ©'ÅBÙ\ÚFÛ\Ú\È_© · êí¥�¡¥¢C�¦��¨ü'Á'¢C�¡�¦WësÿÏ¢C¥ �¹�¦��N)\¤�¥�Ô_�£�¢C£��¡�g�h�¡¦�Éw¢C¹�¥
ÔBÁY¢�Ô?£j�� ÁK¦�¥¢Cç��£jê�Ø}�¨ÁK£�¥�¡¥Ø9ÁY¦� j¥~ÁF�%�C¥��%�B�g¥¦&¢j©hÎW¥ �¹�¦��¡ xÁ'�ÀÐk¥Æd�£�¢e¿À×gÖ_¿ · ÖM/�K&Ù\Ö_Û\Ú\º
Ò�¥ÆVÁY£�¢C�h¥¦�¢3�ÔW¿À��hÆd¤�¢C¥£ ·  ��¡¥¦� j¥�º'×n¦��¡Ø#¥£��B��¢C�n�ÔW¿À��¡�£�Á\Â��º0�k�¤��¨Â�¥£�©

 �Â�¥¦6º ì ©KÅBÙ\ÚFþ\Û\È_© · ¥��ÁY¦�¢C�¡ 7 ��¦W�B¢¨£xÁ'�¡¦&¢j��ÁY¦WÂpQI¤6ÂÉ#¥�ÂnÆd£�¥Ô_¥£j¥¦� �¥nÔ_�£s�¡¦�¢C¥£�Æd£j¥¢jÁY¢C���¦6���Ô
ÁY�h�F�¡É#¤��¤W�T�B¥¦�¢C¥¦� �¥��%©9�y´jâgà«H�q°d³�ã�öÀà�µ9³�_¬I_à³#úTqoú.K�ý\Ö��Fþ\©

Õ �¡¦�êí¥£xº · © ÅBÙFÚ\Û\Ú\È?© �3´�°d«�³�°
�Y_±__¬$��°d³&ã öÀà�µ9³&_¬�__à³=� Ý&Þ�´�ªu¯Pr&äF_ó�_¬�_à³ à�®[ªu«¨µ3äFâg´�³&¬
�3¬�«xä#¯�¬)ä#«�´�¶~¿kÁY�g�\£��¨Â�É}¥�ºY»yÿeëY»�� Î Õ £j¥��P�%©

Õ ��¡�¨Á' jêÀº�¸�©��e©XÅBÙFÚ\Û\Û\È_©�Ðk¥ �¤�£x�C�¡Ø}¥ Á'¤&¢¨��Ö_Á\�%�C� j�§ÁY¢C�¡Ø}¥ �h¥�h�£��9ë Ò�¥ ��¨�C�¡¦�É  ���hÆd���C�¡¢C�¡�¦WÁY�
Â��¨�C¢C£��¡�\¤�¢C¥�Âq£j¥Æd£�¥��C¥¦&¢jÁY¢C�¡�¦W�%©Rò3«jà¯�´�´jã�_³#µ�ó�à�®T¬�Þ&´OÝ&´�³�¬IÞgªu³�³6ä#°d±TöMà³F®C´j«�´�³&¯�´�à�®�¬IÞ�´
öÀà�µ9³&_¬��	j´!�3¯�_´�³&¯�´��Wà¯�_´�¬$��¶qñK���¡�¨�PÂdÁY�¡¥�ºYæ[© ¸&©�ëuÃ�ÁYç�£�¥¦& �¥%�k£��¡��Á'¤&�

Õ ��¡�¨Á' jêÀº�¸�©��e©�Å_�¡¦KÆd£�¥��%�PÈ_©3ÐX¥ j£�¤W�B�¡Ø}¥eÂ��¨�C¢C£��¡�\¤�¢C¥�Â�£�¥Æd£�¥��B¥¦�¢PÁ'¢C�¡�¦W�%©�ª�«�¬�c®B_¯�_°d±\²ô³�¬�´j±_±_cµ9´�³&¯�´�¶
ÐeÁ'���B¥�9ºVî ©VÅBÙ\ÚFÛ\Ú\È_©6Ý&Þ�´få�Þ�_±_àó�à�å�Þ�_¯j°�±7_ânå�±__¯�°d¬I?à³&ó:à�®{¯�à³�³�´j¯�¬�_à³&_ó�âg¶ Õ ¹W©ÄÒO©�¢C¹�¥��B�¨�Pº
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ì ��¨Âdº��e©Ä»¼©hÅBÙFÚ\ý\þFÈ_©hÃTÁ'¦&É}¤WÁYÉ}¥q�¨Â�¥¦�¢C�¡Ô_�¡ �ÁY¢¨�¡�¦��¡¦�¢C¹�¥q�¡�¡�g�¡¢P©R²ô³#®Bà«jâg°d¬�_à³�°�³&ã¼öÀà³�¬�«�à±cú
+�q)ú./�/�þFÖM/�þ0/�©

ì �¦6ü�ÁY�¡¥�ü'ºuÐe©½¿k©½ºK¾ î �¡¦�¢Pü'©½º Õ ©�ÅBÙFÚ\þ\þ\È_©sZqcµ�_¬�°d±h²ôâg°�µ�´ ò3«�à¯j´�ó�ó�_³Fµ9¶ Ðk¥�ÁFÂ��¡¦�É�ºu»yÿeë
ÿeÂdÂ��§�B�¦WÖcî ¥��B��¥��©

ì £j���tQ`¥�Á'¦6º
4�©MÅBÙ\ÚFÛ�L\È_© · Æd�êí¥¦ûç��£�Ây£j¥ ��É}¦&�¡¢¨�¡�¦ûÆd£�� �¥��%�C¥��@ÁY¦WÂy¢C¹�¥�É�ÁY¢¨�¡¦�ÉðÆ�ÁY£�Á\Â���É#��©
ò3´j«�¯�´§å�¬�_à³7uïò3ó���¯�Þ&à�å�Þv��ó�_¯�ó¨ú�I�gYúwK&ý\þ\ÖMK&Û��\©

ñ@ÁY¦W�B�¦Wº · ©Ä¸�©�º�¾ �k¤�£�£xº:ÒO©Ä¸�©:ÅBÙ\Ú\Û\þFÈ_©#�¦&�ç��¡¥�Â�É}¥Ê£j¥Æ�£j¥��C¥¦&¢jÁY¢C���¦ �¡¦  j�¦�¦�¥ j¢¨�¡�¦��¨�B¢
¦&¥¢¨ç��£�êÀ�%©>�X¥�¡�À¿À��h�g¤&¦��¡ �ÁY¢¨�¡�¦W�WÐk¥��B¥�Á'£j �¹WºY»y�£�£j�¨�C¢C�ç�¦WºYæn¥ç ¸F¥£x�C¥��©
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This example was suggested to me by DonNorman. 
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;B��$Bzg �$ i >K�! '$C #"��=?�! ��@"�$B {��<!JH� ���µ�����$���$� EH<:<! �=_>@��$BA&� 1T� �dEI��EI�N"��IJHEH8989 '$C�KEI�)�IZ9 i "�<MD{=?�! �$C 7EI�
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� =�>~��Z9JIDK�F 7ZW�I �;_Z9Jd;B�'$W=?�! 7<! '=?>@��$BAK=C�u�M"�U� {�)��zg u>@"��K=C�u$C '89$C F�I �<!=�=?�! 7Gx��<M�I=?EH=?Z9 '<!=W�I=?$CZ9Gj]
=?Z9$B e�';M�I �<!=? '<dGj #� 1

� �d �=?$P"�EH<! FDe<! �=?>@�'$CAw>@"�WLYEHU� �<K=?�! k;B�'JHJI��>KEH<MLw�I �<!=? �<!Gj #� 1
2_� �"4¼�&�'�wG��M"�I #���&�'� 1
2_� ���&4u�����wG��M"�I #�������w>K�M�kGj��"�I F���&�'� 1
2_� ��G�4u�����w>K�M�kGj��"�I F���&���wG��M"�I F���&��� 1
2_� �D�4u�����wG��M"�I #�������w>K�M�kGj��"�I F���&���w>K�M��G��M"�I #���&�'� 1

� �d u;_EH$P�I=W�I �<!=? '<!G� 7EI���IEHzg89JH �b}=?�! {�'=?�! �$6=?�!$C ' {"�$C uEH<��I=C"�<!Gj #����;& 'zg�F FD�D# FDh�I �<!=? '<!G� #� 1
�r �<!=? '<!G� � �"�>@"�ÀGx��<!=C"�EH<! #DOEH<g=?�! �=?$%"�E�<!EH<ML:D�"�=B"�b&�I �<!=? '<!G� #� � ��G i � �D i "�<MD � �� �>K �$C �<M�'U� �J"�<MDe�M"De<M�'=d�F ' �<K89$C F�I �<!=? FDe=C��=?�! k<! �=_>@��$BARDFZ9$CEH<MLT=?�! kJH F"�$C<!EH<ML�8���"�I 1

� �d 6=?$P"`l� �G�=C�'$CEH F�\=?�!$P�'Z3LY�O�I=C"�=? T�I83"�Gj W;B�'$í=?�! F�I W;B�'Z9$À�I '<!=? �<!G� F� 2 89$CEH<!G�EH83"�JYGx��zg83�'<! �<!=C�
� "�<MD �� 4\"�$C ��I�M��>q<wEH< § EILYZ9$B ��1 Q "�<! �J 2�� "4��I���'>@�!=?�! ��&"�IEHGW83"�=?=? '$C<["�)�)��GjEI"�=? #D�>KEH=?�w>K�M"�=EI�FEH<�;B"�G�=x=?�! 3z�"�=?$BEH���I �<!=? �<!Gj #�F;B��$À"�JHJ';B��Z�$M�I �<!=? '<!G� #� 1 ���'zg83"�$CEI�)�'<K�';r=?�!EI�F;_EIL'Z�$C W>KEH=?�u8W"�<d 'JI�
2c� �&4d"�<MD 2c� G�4d�I�M�'>@�í=_��"�=�=_�d k=?$P"`lm 'G�=C�'$C�f;B��$�=?�! Xz�"�=?$CEH�{�I �<!=? '<!G� �"�8�89 #"�$%�í=C�k;B��JHJI�'> =?�! ��)"�zg 
;B��$Bbr=?�! sz�"�=?$BEH�:�IZ9�'lm 'G�=9<M�'Z9<:EI�VE�<:=?�! 7JI��>K '$3JH ';_=9$C FL'EI�'<���;W�I=C"�=? {��8W"�G� i =?�! 7z�"�=?$CEH�eU� �$B�h"�89]89 F"�$P�M"��&�'U� NEH=&"�<MD�=C�N=?�! �JH �;_= i "�<MD�=?�! Nz�"�=?$BEH�w���Ylm �G�=\<��'Z9<wEI�!<! F"�$&=?�! �Z98989 '$&zgEID�DFJH N$B #LYEI��< 12M�  'G�"�JHJ�=?�M"�=À>K ["�$C nJI�#�'A\E�<MLh"�=k��<!JH� 0 ��;3=?�! [��KDFEHzg �<M�IEI��<M�IbM"�JI��<MLh��=?�! '$eD#EHzg '<��IEI�'<M�6=_�d 
<M��Z�<   U� '$C�RDFE��I=?EH<!G�=_EI��<KEI�98�$C #�I '$CU� FDeG�"�=? FLF�'$CEHG�"�JHJH� 1 4 � �! k$B �JI"�=?EHU� kGjJI"�Z3�I e"�898� #"�$P��EH<!UV��JHU� e"
$C '89JHEHG�"�=?EI�'<@�';í=?�!E��&��"��EHGN8W"�=?=? �$B< i �\Z9=MD#EI�I89JI"�G� FDf=C�'>@"�$PDf=?�! �JH ';_=M"�<MDfz���U� #D[��JHEILY�!=?JH�[D&��>K<!]>@"�$PD i $C 'JI"�=?EHU\ :=C�:=?�! Oz�"�=?$CEH�hGx��<M�I=?EH=?Z9 '<!=C� 1�� �'$C F��U� �$ i =?�! O '�!"�G�=N83�F�IE�=_EI��<���;�=?�! :$C 'JI"�=?EHU\ 
G�JI"�ZW�� [ 'JH �zg '<d=B�sEH<MD#EHG�"�=? F�s>K�!EHG�� �';k=?�! [z�"�=?$BEH�~<M��Z�<��{"�$C [z��#DFEH;_EH #D � �!Z3� i =?�! [$C 'JI"�=?EHU� G�JI"�ZW�� Nz��#DFE�;_�\EH<MLN=_�d u�IZ9�'lm 'G�=#<M��Z�<eEI�dG�JI�F�I �$�=C�NEH= i "�<�D7=_�d N$C 'JI"�=?EHU\ NG�JI"�Z3�I vz��FD#EH;_�\EH<MLN=?�! 7�'�F]lm 'G�=}<��'Z9<:"�$C 6GjJI�#�I '$9=C�6EH= 1í� �!EI�\=?$%"`lm �Gj=C��$B�783"�=?=_ �$C<e>@"��;B��Z9<MDs;B�'$3"�JHJ\�I '<!=? �<!G� F�\>KEH=_��=?�! s�)"�zg 
LY$P"�zgz�"�=?EHG�"�J#;B�'$Czgbs=?�! �83"�=?=? �$B<KEI�9=_�dZW�W�I�&�I=? 'z�"�=?EHG 1

— Insert Figure 9 about here —

§ EIL'Z�$C 2c� D�4v�I�M��>~�X>K�M"�=6�M"�8989 �<M�X>K�! '<y=?�! �$B @"�$B KzgZ�JH=?EH89JH KJH 'U� �JI���';v �zg�\ #D�DFEH<�L 1�rZ9GjG� #�)�IEHU� T �zg�\ #D�DFEH<�L\�6"�$B T$C '89$C F�� '<!=? #DwEH<~"Nz�"�<d<! '$À>K�!E�Gj�qEI�6�IEHzgEHJI"�$À=C�T=?�! �>~"��n=?�M"�=!=?�! 
;_EH$P�I=� 'zg�F #D&D# #D�G�JI"�Z3�I :EI�wD#EI�I=?EH<MLYZ9EI�I�! #D�;_$%��z =?�! :z�"�EH<SG�JI"�Z3�I 'b�=?�! :��"�IEHG{83"�=?=? �$�;B��$�=?�! 
G�JI"�ZW�� uEI��$C '89JHEHG�"�=? FD{EH<R$C FLYE��'<���;6�I=C"�=_ {�I83"�G� u>K�!EHG��REI��D#EI�I89JI"�G� FD{;_$%��zÓ=?�! uz�"�=?$CEH�fz�"�=? '$CEI"�J 1
� �dEI�ÀDFEI�I89JI"�G� �zg '<!=\89$P�'U�EID# #�3"��I�&�I=? 'z�"�=?EHGW>@"��e;B�'$�=_�d X<! �=?>~��$CAe=B�� '<!G��#DF �=?�! �D# '89=?�g�';� �zg]
�F FD�D#EH<MLwEH<@=?�! fG�Z9$B$C '<!=��I=C"�=? 1 £@��>K 'U� �$ i =?�! e$B �JHEI"��FEHJHEH=?�y�';M=?�! e '<!G��FD#EH<MLwEI�WJHE�zgEH=? FD:�\�[=?�! 89$B �G�EI�IEI�'<f>KEH=?�f>K�!EHG��[�I=C"�=? #�M"�$C N$B �89$B #�I �<!=? FD i >K�!E�Gj�fEH<f=?Z�$C<[D# �89 '<MD��M��<f;B"�Gj=C��$%���IZ9Gj�R"�d=?�! <!Z9zg�\ �$v��;��!EID�D# '<wZ9<!EH=C�À"�<MDu=?�! �89$B �GjEI��EI�'<[�';\=?�! �<!Z9zg '$CEHG�"�JrUV"�J�Z� #� 1�� <w=?�! �G�Z�$C$C '<!=&�IEHzgZ9JI"�]
=?EI�'< i =?�! 3$B �89$B #�I �<!=C"�=_E��'<qD# FLY$P"D# FDf"�;_=? '$M"�����Z�=x=?�!$C ' WJ� 'U� �JI�&�';r �zg�\ #D�DFEH<ML 1d� �! WG��'<��I FpYZ9 '<!G�] #�k��;V=?�!EI�XD# FLY$P"D�"�=?EI�'<y�'<[89 '$C;B�'$Cz�"�<!G� 2 EH<[=?�! �89$B #DFE�Gj=?EI��<g=C"�IA&4V"�$C qD#EH;_;_ '$C '<!=&;B�'$7D#EH;_;_ �$B �<!=
=?�\89 #�W�';M�I �<!=? '<dGj #� 1 �r '<d=_ �<!G� F�9EH<!UV�'J�U�EH<MLTG� '<d=? '$� 'zg�F FD�D#EH<ML 2  1 L 1 i � G7"�<MD � D&4 i EH<{>K�!EHGj�{=?�! JH �U� 'JM�';� 'zg�F #D&D#EH<ML�EI�MGj$CZ9GjEI"�J!;B��$vz�"�EH<!=C"�EH<!EH<ML�G��'$C$C 'G�=v"LY$C � 'zg �<!= i "�$C �z��'$C q"D#U� '$P�I �JH��"�;_];_ �Gj=? #D7=?�M"�<R�I �<!=? '<dGj #�dEH<!U��'JHU�EH<�L��)��]_G�"�JHJH FD7=C"�EHJH]_$C 'G�Z9$%��EI�'< 2  1 L 1 i � �D&4 1�� <f=?�! #�I vJI"�=_=? �$W�I '<d=_ �<!G�]
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"�<MDKD#EHU� �$%L' ���<!JH�qDFZ9$CEH<MLX=?�! N;_EH$P�I=F>@��$%D i EH<MD#EHG�"�=?EH<ML�=?�! uDFEH;_;_ �$B �<!G� NEH<w=?�! N<!Z9zg�F '$6�';F=?�! NEH<!EH]=?EI"�J&<��'Z9< 1K� �! RDFE�;_;_ '$C '<!G� fEI�s��JHEILY�!=X"�<�DREI�6 �JHEHzgEH<M"�=? FD�"�;_=? �$X=?�! fz�"�EH< 2 E 1  1 i �I �Gx��<MD chase
4

U� �$B�h��"�N�F ' �<�EH<d8�Z9= 1:� �!EI�vEI�7"�8�83"�$C '<d=_J�� �\ �Gx"�Z3�I i ;B��$�=?�! F�I n=?>@�g�I �<!=? '<!G� #� 2 "�<MDg;B��$�=?�! LY$P"�zgz�"�$P4 i <!Z9zg�\ �$�EH<d;B�'$Cz�"�=?EI�'<hD��' #�9<M�'=��M"�U� e"�<!�f$C �JH 'UV"�<dGj k;C�'$�=?�!EI�9=C"�IA��'<dGj k=?�d kz�"�EH<
U� �$B�f�M"���F ' �<K$C 'G� 'E�U� FD 1

— Insert Figure 6 about here —� =&E���<M�'=WD#EH;_;_EHG�Z�J�=&=C�7EHz�"LYEH<! {�I �<!=? '<!G� #��EH<R>K�!EHG��R<!Z9zg�\ �$WEH<!;B�'$Cz�"�=?EI�'<:z�"��q�M"�U� 7=C�
�F f$C '=C"�EH<! #D��'U� �$�"�<hEH<!=? '$CU� �<!EH<MLwG��'<��I=?EH=?Z� �<!=?bV�I '<d=_ �<!G� F� 2c� G�4M"�<MD 2c� D�4M"�$B :�IZ9Gj�h '�!"�zg89JH #� 1
� <w����=?�w=?�! F�� ��I �<!=? '<!G� #�!=?�! '$C �E��M"�<wEID# '<!=?EHG�"�Jx$C 'JI"�=?EHU� NG�JI"�ZW�I N>K�!EHG��w;B��JHJI�'>@�!=?�! �EH<!EH=?EI"�Jx<M��Z�<
2 >K�!EHG��SDFE�;_;_ '$P�W>qE�=_�@$C FLF"�$%D:=C�f<!Z9zg�\ �$XEH<@=?�! f=?>@�R�I �<!=? '<dGj #�)4 1 � �!EI�Wz�"�=? '$CEI"�J i who boys
chase i EI�3EH$C$C 'JH �UV"�<!=N"�3;B"�$u"�3=?�! O"LY$C ' �zg '<d=V$B #pYZ�EH$C 'zg �<!=C�3;B��$�=?�! �z�"�EH<hG�JI"�Z3�I �U� '$C� 1Y� �! =?$%"`lm �G�=C�'$CEH F�\=?�!$%��ZWL'�:�I=C"�=? s�I83"�G� 6;B�'$9=?�! #�I 6=?>@�s�I '<!=? �<!G� F�\�M"�U� 6�F ' �<:��U� '$CJI"�EIDn"�<MDn"�$C s�I�M��>K<
EH< § E�LYZ�$C e��b\"�9G�"�<{�F e�I � '< i =?�! �D#EH;_;_ '$C '<dGj #�9EH<{=?�! k=?>@�X=_$P"`lm 'G�=C��$BEH #�3"�$B Xz�"�EH<!=C"�EH<! #DeZ9<!=?EHJ}=?�! z�"�EH<KG�JI"�Z3�I �U\ '$C�wEI�9$B #"�Gj�d FD i "�=d>K�!EHGj�{83�'EH<!=d=?�! e�I=C"�=? F��G��'<dU� '$PLY 1

— Insert Figure 7 about here —

Verb argument structure� �d 6$C �8�$C #�I '<!=C"�=?EI��<O��;}U� �$B�n"�$PLYZ9zg '<!=!�I=?$BZ9G�=_Z9$C W>~"�F '�!"�z[EH<! FDT�F�789$P�'�FEH<ML6>KEH=?�O�I �<!]
=? '<dGj #�MG��'<!=C"�EH<dEH<ML�EH<M�I=C"�<dGj #�X�';&=_�d �=?�!$C ' KD#EH;_;_ '$C �<!=&GjJI"�o�I F�X��;�U� �$B�&� 1 �í"�zg89JH K�I �<!=? '<!G� #�X"�$B 
�I�M��>K<KEH< 2c� 4 1
2c� "4u�&�'�w>@"�JHA&� 1
2c� �&4u�����[�I � F���&��� 1
2c� G�4u�����wG��M"�I #������� 1

� �d w;_EH$P�I=X�';À=?�! #�I wG��'<d=B"�EH<��s"7U� '$C�g>K�dEHGj�~z�"��[<M�'=M=C"�A\ R"KD#EH$C 'G�=X�'�'lm 'G�=?bd=?�! [�� 'G��'<MD
=C"�A\ #�q"�< ��89=_EI��< DFEH$C �Gj=f�'�'lm 'G�=?b "�<MD�=_�d h=?�!EH$%D�$B #pYZ�EH$C #�q"~D#EH$B �Gj=f�'�'lm 'G�= 1�� �! hz���U� 'zg �<!=
=?�!$P�'Z3LY�@�I=C"�=? e�I83"�Gj e"��=?�! #�I �=?�!$C ' e�I '<d=? '<!G� F�3"�$B k89$%��Gj #�)�I #DR"�$C f���M�'>K<KEH< § EILYZ9$B ��1

— Insert Figure 8 about here —� �dEI�k;_EILYZ9$B OEHJ�JHZW�I=?$P"�=? F�k�M��> =?�! q<! '=?>@��$BA� �<!G��FD# F�e�I �U� '$P"�Jk"�I89 'G�=C�e�';uLY$P"�zgz�"�=?EHG�"�J
�I=?$CZ�G�=?Z�$C 1 ¡ ��Z�<M�v"�$B nDFE��I=?EH<MLYZ9EI�I�! #D{�F�K$P�'J� 'bí�IZ9�'lm 'G�=9<M�'Z9<M�V;B��$�"�JHJ�=?�!$C ' n�I '<!=? �<!G� F�N"�8989 #"�$EH<R=?�! uZ�8989 �$6$BEILY�d=&83�'$C=?EI�'<��';&=?�! K�I83"�Gj i "�<�D@�'�'lm 'G�=&<M��Z�<��X"�8989 F"�$6�F �JI�'> =?�d 'z 1#2 Q $CEH<!G�EH83"�JG��'zg83��<! '<!= | i <M��=��I���'>K<w�! '$C i  �<!Gx�#D# F�!=?�! �DFE��I=?EH<!Gj=?EI��<w�\ �=?>K ' �<nU� �$C���M"�<MD�<M��Z�<�� i G��'JHJ�"�8W��]EH<ML�"�G�$P�F�)�!G�"�I 1 4 «  �$B�&�M"�$B uDFEH;_;_ �$B �<!=?EI"�=? #D�>KEH=?�w$B #L\"�$PD�=C��=?�! �EH$v"�$PLYZ9zg '<!=&�I=?$BZ9G�=?Z�$C 1

Chas-
es 

$C FpYZ9EH$B #�6"uD#EH$C 'G�=M�'�'lm 'G�= i sees
=C"�A\ #�6"�<~�'89=?EI��<M"�J&DFEH$C �Gj=M�'�'lm �Gj= i "�<MD walks

89$B �G�JHZWD# #�v"�<
�'�'lm �Gj= 1X� �d nD#EH;_;_ '$C '<dGj TEI��$B �;_JH �Gj=? #DnEH<á"u�I�&�I=? 'z�"�=?EHG�D#EI�I89JI"�Gj �zg �<!=9E�<O=?�! ¼89JI"�<! w�';989$BE�<!GjEH83"�J
G��'zg83��<! '<!=C� � "�<�D t�1
Relative clauses� �d {89$B #�I �<!Gj g�';W$C 'JI"�=?EHU� nGjJ�"�ZW�I #�NEH<!=?$%�#D#Z�G� #��"�G��'zg89JHE�Gx"�=?EI��<�EH<!=C�{=?�! hL'$%"�zgz�"�$ i EH<=?�M"�=!=?�! �$C �8�$C #�I '<!=C"�=?EI��<M�W�';!<!Z�zg�F �$X"�<MDfU� �$B�["�$PLYZ9zg �<!=M�I=?$CZ�G�=?Z9$B �zgZ3�I=!�F �G�JI"�ZW�� ']B�I89 �GjEH;_E�G 1
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G�Z�$P�H¸ 1R2c� =�z�"���"D&D#EH=?EI�'<�"�JHJH�R$C FD#Z�G� �=_�d e<!Z9zg�F '$u�';�UV"�$CEI"��\J� F�3�F�R ';_;? 'G�=?EHU� 'J��R$B �z��'U\EH<MLf=?�! 
JHEH<! #"�$BJ��hDF �89 '<MD# '<d=3�I �=3��;3"��x F�)4 1X� �! #�I s<! �>Ó"��x F��89 '$CzgEH=íZW��=C�sU�EI��ZW"�JHE�� T=?�! n�I=C"�=? n�I83"�G� sEH<
"�>@"��u>K�!E�Gj���M�'89 �;_Z�JHJH�{"�JHJI�'>@�\ZW��=C�s�I � v�M��> =?�! v<d '=?>@�'$CAK�o�'JHU� #��=?�! 6=C"�IA 1[2 � �I�M��$B=?G���zgEH<ML
�'; Q � � EI��=_��"�=&EH=�EI�MJ�EH<! F"�$Cb}�M�'>K �U� '$ i =_�d uGx��zg�FEH<M"�=?EI�'<��';&=?�! Q � � ;B"�G�=C�'$P�X"�=�=?�! u<! ��x=&JH �U� �J
z�"����\ N<��'<!]_JHEH<d F"�$ i "�<MD{�)�N=?�!EI�!$C �8�$C #�I '<!=C"�=?EI��<[��;\EH<d;B�'$Cz�"�=?EI�'<fz�"��qLYEHU� u"�<fEH<!G��'zg89JH �=? N89EHGj]=?Z9$B q�';�=?�! q"�Gj=?Z3"�JíG��'zg89Z9=C"�=?EI�'< 1 4 � "�G���D#EHzg '<M��EI�'< 2  'EIL' '<!U� �G�=C�'$P4��M"�X"�<�"�)�)��GjE�"�=_ #Dq 'EIL' '<!]
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(c)  Interactions with relative clauses� �d T ��!"�zg89JH F�6�)��;B"�$M�M"�U� w"�J�JFEH<!UV��JHU� FDR�IEHzg89JH f�I '<d=_ �<!G� F� 1N� �! f"LY$B � �zg '<!=M"�<MDfU� �$B�
"�$PLYZ9zg '<!=�;B"�Gj=C�3"�$C kz��'$C kG��'zg89JHEHG�"�=? FD�EH<{Gx��zg89JH '�{�I �<!=? '<!G� #� 1 § EIL'Z�$C | ���M�'>@�9=?�! k<! �=?>@�'$CA89$B #D#EHGj=?EI��<M�!;B�'$� F"�G��w>@�'$PD�EH<n=?�! ��I �<!=? '<!G� 

boys who mary chases feed cats. 
� ;�=?�! �<! �=?]

>@�'$CA�>K '$C yLY '<d '$P"�JHE��EH<MLg=?�! [83"�=?=_ �$C< ;B��$:"LY$B � �zg '<!=X;B�'Z9<MDyEH<ð=_�d y�IEHzg89JH y�I '<!=? �<!G� F� i >K zgEILY�d=F ��x89 'G�=F=?�! N<d '=?>@�'$CA�=C�N89$B #DFE�Gj=�"k�IE�<MLYZ9JI"�$&U� �$B��;C�'JHJI��>KEH<ML
...mary chases...  

2 EH<��)�';B"�$
"�9EH=�89$B #DFEHG�=C�3"WU� '$C�eEH<{=_�dEI�98W�#�IEH=?EI��<h"�=�"�JHJHbYG��'<dU� '$P�I �JH� i EH=dzgE�LY�!=��\ XGx��<!;_Z3�I FD��\�e=_�d k83"�=?=? '$C<ëq/në�.,ìk/ 4 1 ��Z�=�EH<K;B"�G�= i =?�! k89$B #D#EHGj=?EI��< 2c| D�4xE���G��'$C$B �G�=_J��w=?�M"�=d=?�! k<! ��x=dU� �$B�R���M�'Z9JIDe�\ kEH<{=?�! �IEH<ML'Z�JI"�$VEH<h�'$PD# '$V=C�e"LY$C ' X>KEH=?�{=?�! k;_EH$P�I=�<M��Z�< 13� <h�)�eD��'EH<�L i EH=��M"�9;B�'Z9<MDO�)�'zg Xzg 'G��M"�<!E��Iz;B��$W$C '89$C F�� '<!=?EH<ML7=?�! sJI�'<ML']BDFEI��=B"�<dGj nD# '89 �<MDF �<!G��K�F '=?>K � '<O=?�! 7z�"�E�<:G�JI"�ZW�I s<M��Z�<á"�<MDnz�"�EH<
G�JI"�ZW�� XU� '$C� i D# F�I89EH=? X=?�! X89$C F�I �<!G� ��';V"�<nEH<!=? '$CU� '<dEH<MLk<M�'Z9<g"�<MD�U� �$B� 2 >KEH=?�n=?�! �EH$N�'>K<g"LY$C ' �]zg �<!=d$B �JI"�=?EI�'<M�o4xEH<K=?�! �$C 'J�"�=_E�U� �G�JI"�Z3�I 1

— Insert Figure 4 about here —

¡ ��=? :=_��"�=�=?�!EI�f�I '<!=? �<!G� �"�JI�)�:EHJHJHZW��=_$P"�=? F��=?�! ��I �<M�IEH=?EHU�EH=?��=C��"�<SEH<!=? �$%"�G�=?EI�'<��F '=?>K � '<U� �$B�g"�$PLYZ9zg '<!=À��=_$CZ9Gj=?Z9$C n"�<MDw$C 'J�"�=_EHU\ sG�JI"�Z3�I w�I=?$BZ9G�=?Z�$C 1�� �! TU� �$B�
chases

=B"�AF F�6"�<á�'�FJHEIL']
"�=C�'$C��D#EH$C 'G�=X�'�'lm 'G�= 1K� <ð�IEHzg89JH R�I �<!=? '<!G� #�6=?�! [D#EH$C 'G�=X�'�'lm �Gj=M;B��JHJI�'>@�W=_�d wU� �$C�gEHzgzg #D#EI"�=? 'JH�\b
=?�!EI�&E��6"�JI�)��=?$BZ9 �EH<qz�"�<!�wGx��zg89JH '� �I �<!=? '<!G� F� 2  1 L 1 i boys who chase mary feed cats

4 1N� <
=?�! 7�I �<!=? '<!G� 7D#EI�I89JI"��\ #D i �M��>K 'U� �$ i =?�! 7D#EH$B �G�=��'�'lm 'G�= 2 boys

4�EI��=_�d v�! F"D{��;F=?�d v$B �JI"�=?EHU� vG�JI"�ZW�I 
"�<MDO"�8989 F"�$P�9�F ';B��$B X=?�! XU� '$C� 13� �!EI�í$B #pYZ�EH$C F�í=?�M"�=�=?�! k<! �=?>@�'$CAfJH #"�$B< 2 "4�=?�M"�=�=?�! '$C �"�$B XEH=? 'z��
>K�!EHG��{;_Z�<dGj=?EI��<h"��<��'Z9<M� i U� '$C�&� i  �=?G 1 b 2 �&4�>K�!EHG��KE�=_ �z��9;B"�JHJ}EH<!=C�k>K�!EHG��{GjJ�"�)�I F�Ib 2 G�4�=_��"�=d=?�! �$B "�$C R�IZ��FG�JI"�)�I #�s��;ÀU� �$C���W>K�!EHG��~��"�U� RDFEH;?;_ '$C '<!=�Gx�#�'G�G�Z9$B$C '<!G� f$C 'JI"�=?EI��<M� >KEH=?�@<M�'Z9<M� i Gx��$B$C �]�I83�'<�DFEH<�LN=C�vU� �$B�F]BDFE�$B �Gj=9���Ylm �Gj=}$C F�I=?$CEHG�=_E��'<M�Ib 2 D�4�>K�!EHG��fU\ '$C����;B"�JHJEH<d=B�6>K�!EHG��eGjJI"�o�I F�Ib�"�<MD 2  F4
>K�! �<[=B�u '�x89 �Gj=&=?�M"�=&=?�! qD#EH$C 'G�=v���'lm 'G�=�>KEHJ�Jí;B��JHJI��>ï=?�! uU� '$C� i "�<�Dq>K�! �<[=B�uA\<M��>ï=?�M"�=&EH=&�M"�
"�JH$C F"D#�O"�8989 F"�$C FD 1V� �! N<! '=?>@��$BAO"�8989 F"�$P�!=C���M"�U\ �JH F"�$C<! #D�=?�!EI� i �F 'G�"�Z3�I �EH<w83"�<! �J 2 D&4Y>K ��� ' =?�M"�=!EH=! ��x89 'G�=C�&=?�M"�=

chases
>KEHJHJF�F �;B�'JHJI��>K FDf�F�g"vU� �$B� 2 =?�! �z�"�EH<qG�JI"�Z3�I TU\ '$C� i EH<q=?�!EI�&G�"�I #4$P"�=_�d '$�=?�M"�<@"6<M��Z�< 1

ÿk¦�¥Ø}¥¦¼�B¤��\¢C��¥£�Æd��¡¦�¢ �§�wÂ�¥�g�¦6�C¢C£�ÁY¢¨¥�ÂO�¡¦�Å�/\ �È_©hÎ3¹�¥~ÁYÆdÆ�¥�ÁY£�ÁY¦� j¥K�Ô   boys Ô_��¨Ö
�¡�ç�¥�Â7�F�OÁT£�¥�¨Á'¢C�¡Ø}¥s ��¨ÁY¤W�B¥T ��¦&¢jÁY�¡¦��¡¦�ÉOÁwÂ���Ô_Ô_¥£j¥¦�¢N�B¤��0QI¥ �¢�Å who Mary ©½©½©�È�Æd£��¡�h¥���¢C¹�¥s¦�¥¢PÖç��£jêR¢C��¥Ì#Æd¥ �¢3¢C¹WÁY¢3¢¨¹&¥�Ø}¥£j�Kç�¹��¡ j¹gÔ_��¡�¡�çq�W�h¤W�B¢3�F¥��Ô�¢C¹�¥� j�§Á\�%�W¢¨¹6Á'¢3£j¥*)F¤&�¡£�¥��TÁKÂ��¡£�¥ �¢
��0QI¥ j¢jºrÆd£�¥ ��¨�B¥���O�\¥ �ÁY¤W�B¥[ÁRÂ��¡£�¥ �¢N��0QI¥ j¢NÔ_���¡�¡¥£s¹6Á\�uÁY�¡£�¥�Á\Â��~ÁYÆdÆd¥�ÁY£�¥�Âd©�� ¦á�¢C¹�¥£7ç��£�Âd�%º
¢C¹�¥�¦&¥¢¨ç��£�êg ��£�£j¥ �¢C���{£�¥��BÆd�¦WÂd�6¢C��¢C¹�¥eÆd£�¥��C¥¦& �¥e�Ô6Á�Ô_�¡�¡��¥£�Å boys ÈF¦��¢W�¦&�¡�n�\�{êí¦&�ç��¡¦�Éç�¹&¥£�¥:¢C�:¥Ì#Æd¥ �¢nÁOÉ�Á'Æ�Å_Ô_��¡�¡�ç��¡¦�É chases È�í��¡¢nÁY�¨�C�R�¡¥�Á'£j¦W�7¢¨¹6ÁY¢sç�¹�¥¦ð¢C¹��¨�7Ô_���¡�¡¥£w ��£�£�¥�Ö�BÆ��¦6Âd�v¢¨�f¢C¹�¥f��UQ`¥ �¢6Æd���B�¡¢¨�¡�¦~�¡¦~¢¨¹&¥e£�¥�¨ÁY¢C��Ø#¥e j�¨Á'¤6�C¥�º[Á�Ø}¥£j�O�¨�v£�¥*)\¤��¡£�¥�Âwç�¹��¡ �¹~¹6ÁF�v¢C¹�¥
ÁYÆdÆ�£j�Æd£��¨Á'¢C¥qÁY£�É#¤��h¥¦�¢��B¢C£�¤� �¢C¤�£j¥�©

Network analysis� �d X<M"�=?Z9$%"�JípYZ� #�I=?EI�'<n=C��"�IA:"�=\=?�!EI�í83�'EH<d=�EI�í�M��> =?�! �<! '=?>@��$BAe�M"�íJH #"�$B<! #D�=C��"�G�G��'zg]
89JHEI�I�[=?�! �=C"�IA 1 �rZ�G�G� F�)�X�'<[=?�!EI�M=C"�IAá�I ' �z��À=C��G���<M�I=?EH=?Z�=? � ª �½��� � ���²�Ä�  �U�EIDF �<!G� �;B�'$6=_�d � '�xEI�I=?]
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=?�!EI��G�"�I v>KEHJHJ�F v=C�7"�G�=_EHU�"�=? v=?�! 7��Z�=?89Z9=#Z9<!EH=C� 2 E 1  1 i 89$C FD#EHG�=#83�'=? �<!=?EI"�J<! '��=#>@��$%D��)4�=C�7�)�'zg 6 '�x]=? '<d=�89$P�'83��$B=?EI��<M"�J9=C�e=?�! �EH$u�I=C"�=?EI�I=?EHGx"�J9J�EHA\ 'J�EH�M�F�#D���;��'G�G�Z�$C$C '<!G� 1f� �! �$B �;B�'$C i $P"�=?�! �$�=?�M"�<�"��]�I #�)�IEH<MLg=?�! [<! �=?>~��$CA.¨��nLYJI���&"�Jv89 �$B;B��$Bz�"�<!G� [�F��JI�F��A\EH<ML�"�=k$P�F��=kzg #"�<û�opZ3"�$C FDy �$B$P��$ i >K �I�M��Z�JID{"�IA����'>ûG�JI�F�I �JH��=?�! N<d '=?>@�'$CAq"�8989$P�'�xEHz�"�=? #Du=?�! #�I N89$P�'�&"��FEHJHEH=?EH F� 1&� �! N=? �Gj�d<!EIpYZ� 7DF �]
�IG�$BE��\ #DREH< � JHz�"�< 2 EH<~89$C F�)�)4!>@"�6Z3�I FDR=C�R"�G�Gx��zg89JHEI�I�~=?�dEI� 1 ���'<d=_ ��x=?]BD# '89 �<MDF �<!=MJHEHAF 'JHEH���F�#D
U� �Gj=C��$%�&>K �$B wL' '<! �$%"�=? #Dw;B��$À F"�G��q>@�'$PDwEH<q 'U\ '$C�g�I '<!=? �<!G� F�Ibu=_�d F�I TU\ 'G�=C�'$P�g$C '89$C F�I �<!=? FDf=?�! 
 �zg8�E�$BEHG�"�JHJH�qDF �$BEHU\ FDu89$P�'�&"��\EHJHE�=_EH #�M��;���GjG�Z9$B$C '<!G� N;B�'$6"�JHJ�8W�#�)�IEH�FJH N89$B #DFEHG�=?EI��<M� i LYEHU\ '<f=_�d ��I �<!]=? '<dGj 6G��'<!=? ��x=}Z�8w=C�6=?�M"�=}83�'EH<!= 1f� �! 6<! �=_>@��$BA�¨���"�Gj=?Z3"�J��'Z9=?89Z�=C�\>q �$C v=?�! �<eG��'zg83"�$C FDn"L\"�EH<��I=
=?�! #�I XJHEHAF 'JHEH���F�#D�U\ 'G�=C�'$P� i "�<MD�=?�!EI�í �$B$P�'$�>@"�íZ3�I #D�=C��zg F"�IZ9$C X89 �$B;B��$Bz�"�<dGj 1M� �! X �$B$P��$V>@"�pYZ�E�=_ �JI�'>�¯O� 1a� �� 2 EH<!EH=?EI"�Jí �$B$P��$|¯ ��0�1 |� bFzgEH<!EHz�"�Jí �$B$P�'$v=?�!$P�'Z3LY�g #pZ3"�JÀ"�G�=?EHUV"�=?EI�'<���;N"�JHJíZ9<!EH=C�
>@�'Z9JID{�F �1 �0 4 1T� �!EI�V '$C$P�'$WG�"�<�"�JI�)�7�F 7<M�'$Cz�"�JHE�� #D{�F�qG���zg89Z�=?EH<MLu=?�! 7zg #"�<:Gx�#�IEH<! {��;�=_�d 
"�<MLYJ� ��\ �=?>K ' �<g=?�! uU� 'G�=C�'$P� i >K�!EHG��gEI�X� 1 ��0 2 �)D�¯#� 1 0�� 4 1 �6��=?�gzg #"�IZ9$B #��EH<MD#EHG�"�=? �=?�M"�=�=?�! 
<! �=?>~��$CA["�G��!EH 'U\ FD:"6�!EILY�KJH �U� �J��';!89 �$B;B��$Bz�"�<dGj kEH<K89$C FD#EHG�=_E��'< 1

� �d F�I OLY$%�#�)�3zg #"�IZ�$C F����;�89 '$C;B�'$Cz�"�<!G� i �M��>K 'U� �$ i D��e<M��=�=? �JHJ9ZW�3���'> >K 'JHJ9=?�! �<! '=?]
>@�'$CA7�M"��D��'<! WEH<e #"�G��O�';}=?�! s�I89 �GjEH;_EHG�89$%���\J� 'zÊ"�$B #"�\83�F�I #Ds�F�7=?�! 6=C"�IA 1 ¢  �=}Z3�\JI�#�'A{"�=� #"�Gj�"�$C F"6EH<K=?Z9$B< 1

2 "4 î 
 ª �C�j�X�P���ï�������½�����Ä�
�¨�P���c�j��� �e�
� LY$C ' �zg '<!=dEH<@��EHzg89JH f�I �<!=? '<!G� #��EI�W�I�M��>K<KEH< § EIL'Z�$C #� 0 "s"�<MD 0 � 1

— Insert FIgure 2 about here —� �d 7<! �=?>@�'$CA.¨½�V89$B #D#EHGj=?EI��<M�V;B��JHJI�'>KEH<�Lu=?�! s>@�'$PD
boy 

"�$C 7=?�M"�=9 �EH=?�! '$�"��IEH<ML'Z�JI"�$3U� �$B�
>KEHJHJ#;C�'JHJI��> 2 >@�'$PD���EH<h"�JHJ#=?�!$C ' e�IEH<ML'Z�JI"�$�U� �$C�wG�"�=? #L\�'$CEH #�W"�$C f"�G�=?EHUV"�=? #D i �IEH<!G� kEH=d�M"��<����&"�IEI�;B��$689$C FD#EHG�=?EH<ML�=?�! 7=?�\89 {�';&U� �$B�&4 i ��$6 �JI�I 7=?�M"�=�=?�! u<d '�x=�>@��$%D{z�"��q�F =?�! u$C �JI"�=_E�U� u89$P�'<��'Z9<
who

1 ���'<!U\ '$P�I 'J�� i >K�! �<O=?�! TEH<d8�Z9=íEI�&=?�! T>@�'$PD boys i =_�d T '�x89 �Gj=C"�=?EI��<OEI�&=?�M"�=À"NU\ '$C�nEH<O=?�d 89JHZ9$%"�J!>KEHJHJd;B�'JHJI��> i �'$6 �JI�I �=?�! u$C 'JI"�=?EHU� u89$%��<M��Z�< 1{2 �rEHzgEHJI"�$6 '�x89 �Gj=C"�=?EI��<M�M�M��JIDK;B�'$6=?�! q��=?�! '$<M��Z�<M�dEH<f=?�! NJ� '�xEHG��'< 1�� <w=?�!E��M"�<�Du=?�! N$C F�IZ9JH=C�d=?�M"�=F;B��JHJI��> i =?�! N89 �$B;B��$Bz�"�<!G� u��;F=?�! u�I �<!=? '<!G� #�>K�!EHG��@"�$C f�I�M��>K<KEI��$C '89$C F�I �<!=C"�=?EHU� e�'U� �$X��=?�! �$X�I �<!=? '<!G� #��>KEH=?�@�IEHzgEHJI"�$��I=?$BZ9G�=?Z�$C 1 4

(b) Verb argument structure in simple sentences

§ EIL'Z�$C t �I�M��>~�F<! '=?>@��$BAs89$B #D#EHGj=?EI��<M�\;B��JHJI�'>KEH<�L7"�<�EH<dEH=?EI"�JY<M��Z�<q"�<MDT=?�! '<q"VU� '$C�s;_$P�'z #"�Gj�@��;!=?�! �=?�d$B � fD#EH;_;_ �$B �<!=dU� '$C�f=?�\89 F� 1
— Insert Figure 3 about here —� �! �<w=?�! NU\ '$C��EI�

lives i =?�! N<! �=?>@�'$CA.¨½�! ��x89 'G�=C"�=?EI�'<fEI�d=_��"�=F=?�! N;B��JHJI�'>KEH<ML�EH=? �z�>KEHJHJ��\ 
^�ð ^�2 >K�!EHG���EI�FEH<�;B"�G�=x=?�! T��<!JH�n�IZ9GjG� #�)�)�'$!89 '$CzgEH=?=? FD��F�s=?�! TLY$P"�zgz�"�$!EH<�=?�!EI�FG��'<!=? ��x=C4 1�� �! 3U� '$C�
sees, 

�'<O=?�! n�'=?�d '$3�M"�<MD i z�"��K �EH=?�! �$3�\ s;B��JHJI��>q #Dn�F�h" ^×ð ^ i �'$���89=?EI�'<M"�JHJH�{�F�h"�D#EH$B �G�=3���Ylm �Gj=2 >K�!EHG��Rz�"��K�\ {"��IE�<MLYZ9JI"�$T�'$W89JHZ�$P"�Jd<M��Z9< i �'$W89$P�'89 �$6<��'Z9<M4 1 § EH<M"�JHJH� i =?�! 7U� �$B� chases
$B �]

pYZ�E�$B #�k"eDFEH$C 'G�=
 
�'�'lm �Gj= i "�<MDq=?�! �<! '=?>@��$BAOJH #"�$B<M�M=C�� '�x89 �Gj=6"�<M��Z�<[;B�'JHJ��'>KEH<ML�=?�!EI�X"�<MD~�'=?�! �$U� �$B�&��EH<K=?�! e�)"�zg kGjJI"�)� 1
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Î3¹�¥wÂdÁY¢jÁk�¡¦OÅ�/�Ö_þ\È�ÁY£�¥T¥Ì9ÁY�gÆd�¡¥��V�Ôd¢¨¹&¥f�B�£�¢P�V�Ô�Æd¹&¥¦���h¥¦WÁkç�¹��¡ �¹O�¡�¡¦�É}¤&�§�B¢P�NÁ'£jÉ}¤&¥

 �ÁY¦�¦&�¢&�\¥eÁY � j�¤�¦�¢C¥�Â�Ô_�£Wç��¡¢¨¹&�¤�¢6ÁY���C¢C£�ÁY �¢�£�¥Æd£�¥��B¥¦�¢PÁ'¢C�¡�¦W�%©3»��£�¥kÆd£j¥ ��¨�C¥�¡��º���¢�¹WÁ\���\¥¥¦
 ��¨ÁY�¡�g¥�Â ¢¨¹6Á'¢��B¤� j¹ ÁY���C¢C£�ÁY �¢R£�¥Æd£�¥��B¥¦�¢PÁ'¢C�¡�¦W�R�Ô_Ô_¥£ Á��h�£�¥SÆd¥£��BÆd�¡ �ÁY ��¡�¤W��ÁY � ��¤&¦�¢:�Ô
É}£xÁ'�h�h¢¨�¡ xÁ'�íÆd¹�¥¦���h¥¦WÁ7¢C¹WÁY¦g�¦�¥�ç�¹&�� j¹Wº'Ô_�£X¥Ì9ÁY�hÆ��¡¥�ºF�B�¡�gÆd�¡�w�¡�§�B¢P�3¢C¹�¥K�B¤�£jÔBÁ' j¥K�B¢¨£j��¦&É9�
ÅB¿À¹�����Cêí��ºFÙ\Ú\Ü\þFÈ_©
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�r �Gx��<MD i "�JH=?�M�'Z3LY�:J�"�<MLYZ3"LY s8�$P�'G� #�)�IEH<ML{�'�FU�EI�'Z3�IJH�{EH<!UV��JHU� F�v"�LY$C F"�=3D# F"�J�zy�'$C 7=?�M"�<89$B #D#EHGj=?EI��< i 89$C FD#EHG�=_E��'<qD��' #�&�I � 'z =C�38�JI"��w"�$%��JH WE�<�89$%��Gj #�)�IEH<ML 1 ¢ EI��=_ �<! �$%�FG�"�<�EH<MD# � FD�89$B #D#EHGj=2 5u$P�#�Hlm F"�< i ���� �4 i "�<MD:�I #pYZ� �<!G� F�3��;!>@��$%D��9>K�!EHG��{U�EI�'JI"�=? k ��x89 'G�=C"�=?EI��<M�±° E 1  1 i >K�!EHG��h"�$B XZ�<!]89$B #D#EHGj=C"��FJH i° $B #�IZ�J�=}E�<ODFEI��=_E�<!Gj=?EHU\ 6 �JH 'G�=?$BEHG�"�J\"�G�=?EHU�EH=?�7EH<�=?�! 6�F$%"�E�< 2 ¤ Z�=C"� i ����� b ¤ Z9=C"�.�û£{EHJHJH]��"�$PD i ���� ��b � "�<! �<!�M"�Z3�� '=�"�J i EH<K89$C F�o�)4 1� �dEH$%D i EH;}>K T"�G�G� '89=r=?�M"�=r89$C FD#EHG�=?EI�'<O��$À"�<!=?EHG�EH83"�=_EI��<�89JI"��&��"V$P�'JH WEH<�JI"�<�LYZ3"LY WJH F"�$C<!EH<ML i=?�! �<e=?�!EI��89$P�'U\EIDF #�V"�83"�$C=?EI"�J��)��JHZ�=?EI��<e=C�6>K�M"�=}�M"���F � '<eG�"�JHJH #D9�6"�AF '$�¨��\83"�$%"D��'� 2 �6"�AF '$ i ��� � � b
Q EH<!A\ �$ i ����� 4 1r� �! n83"�$%"D��'�OEI�v=?�M"�=3G��!EHJID#$B �< "�898W"�$C �<!=?JH�SD��n<M��=3$C 'G� 'E�U� 2 �'$�EIL'<M�'$C i >K�! �<=?�! ��:D��#4<! #L\"�=?EHU� � �U�EID# '<!G� �EH<w=?�! �89$%��G� F�)�M�';\JI"�<MLYZ3"LY �JH #"�$C<!EH<ML 1 57EHU� '<w=?�! �EH$�;_$B #pYZ� �<!=\=? �<!]
D# '<!G��wEH<!EH=?EI"�JHJH�n=C�f��U� '$C]BLY �<! '$P"�JHE�� �;_$%��z 83�#�IEH=?EHU� fD&"�=C" i EH=dEI�&<M��=!GjJH #"�$M�M�'>éGj�!E�JIDF$C '<@"�$B f"��FJH 
=C�k$C '=?$P"�Gj=�=?�! k;B"�Z9JH=?�[��U� �$B]BL' '<! �$%"�JHE$��"�=_EI��<M� 2 5K��JID i ����� �4 1 £h�'>K 'U\ '$ i EH;d>K e�IZ98983�F�I k=?�M"�=�G��!EHJH]D#$B �<�z�"�A\ 6G���U� '$C=r8�$C #DFEHG�=?EI��<M��"�����Z�=r=?�! s��8� � 'G���=?�! ��7>KEHJHJY�! F"�$í;_$%��zÊ�'=?�! �$%� i =?�! �<�;B"�EHJH #Ds89$C ']D#EHGj=?EI��<M�&G��'<M��=_E�=_Z9=? w"�<qE�<MDFEH$C �Gj=M�)��Z�$CG� w��;9<d FL\"�=?EHU\ T �U�EIDF �<!G� T>K�!EHG��qG��'Z9JIDf�\ �ZW�� FDf=C�T$C ';_EH<! 
"�<MDe$B �=?$%"�G�=d=?�! e�IGx��89 f��;MLY �<! '$P"�JHE���"�=?EI��< 1

§ ��Z�$C=?� i =?�! N=C"�IA�$C FpYZ9EH$B #�!=?�M"�=F=?�! N<! �=_>@��$BAqDFE��IGx��U� �$�=?�! N$C FLYZ9JI"�$CEH=?EH F�!>K�dEHGj�fZ�<MD# �$BJHEH =?�! n=? 'zg83�'$P"�JN��$%D# �$w��;W=?�! n>~��$PD&�NEH<á=?�! h�� '<!=? �<!Gj #� 1r� <�=?�! g�IEHzgZ9JI"�=?EI�'<�$C '83��$B=? #DgEH< � JHz�"�<
2_���� �4�=?�! #�I v$C #LYZ9JI"�$BEH=?EH #��$C F�IZ9JH=? FDsEH<e=?�d v<! �=?>@�'$CA.¨½��G��'<M�I=?$CZ�G�=?EH<MLvEH<!=? '$C<M"�J$C '89$C F�I �<!=C"�=?EI�'<��V�';
EH<!89Z9=C�V>K�!EHG��:z�"�$BAF FDn>@�'$PD&�V;B��$W;B��$Bz G�JI"�)� 2 <��'Z9<   U� �$B�&4�"�V>K 'J�JV"�VJH '�xEHG���]B�I 'z�"�<!=?EHGXG��M"�$B]"�G�=? '$CEI�I=?EHG�� 2 "�<!EHz�"�=?   EH<M"�<!EHz�"�=? i �!Z�z�"�<   "�<!EHz�"�J i JI"�$PLY   �Iz�"�JHJ i  �=?G 1 4� �d X$C F�IZ9JH=C�À��;�=?�M"�=��IEHzgZ9JI"�=?EI�'< i �M�'>K �U� '$ i �&�'$C Xz���$C ���<n=?�! �$B �89$B #�I '<!=C"�=?EI��<g��;�JH '�xEHG�"�JG�"�=? FL\��$B�y�I=?$CZ�G�=?Z�$C i "�<MDR=?�! f$B �JH 'UV"�<dGj f=C�RLY$P"�zgz�"�=_E�Gx"�JW�I=?$BZ9G�=_Z9$C wEI�WZ�<dGjJH #"�$ 1 ¥�<!JH�gz���<M�']G�JI"�ZW�o"�Jí�I '<!=? �<!G� F�í>K �$B �ZW�I #D i "�J�Jí"�JHJí�I�M"�$B #D�=_�d ��)"�zg ���"�IEHGT�I=?$CZ�G�=?Z9$B 1o� �!Z3�í=?�! �pYZ9 F�I=?EI��<n$B �]z�"�EH<M�6��89 '<q>K�d '=?�! �$À=?�! �EH<!=? '$C<M"�JF$C '89$C F�I �<!=C"�=?EI�'<��&=?�M"�=!Gx"�<K�\ �JH F"�$C<! #DwEH<@�IZ�G��~"�<~"�$CG��!EH=? 'G�]
=?Z9$B 7"�$B 7"��\JH v=C�N '<dGx�#D# N=?�! N�dEH '$P"�$BG��!EHG�"�J�$C 'JI"�=?EI��<M�I�!EH83�d>K�!EHG��R"�$C N<! �Gj #�)�)"�$C��=C�Nz�"�$CA�G��'<M��=_E�=_]
Z9 '<!=��I=?$CZ�G�=?Z9$B 1

Stimuli. 
� �! Ï�I=?EHzgZ9JHETEH< =?�!EI�[�IE�zgZ�JI"�=?EI��< >K '$C �� FpYZ9 '<!G� F�R�';�>@�'$PD��w>K�!EHG�� >K '$C 

;B��$Bzg #DfEH<!=C�e�I '<!=? �<!G� F� 16� <@"D�D#EH=?EI�'<K=C��z���<M��GjJI"�Z3�)"�J��I �<!=? '<!G� #� i =_�d '$C �>K '$C f"6JI"�$PLY �<dZ�zg�F '$�';dGx��zg89JH '�uzgZ9JH=?EH]_G�JI"�Z3�)"�J��I '<d=_ �<!G� F� 1
�r �<!=? '<!G� F�6>K '$C w;B�'$Czg #D[;_$%��z "7JH '�xEHG���< ��; 0t EH=? 'z�� 1O� �! F�� wEH<!GjJ�ZWD# FD � <M��Z�<M� i ��0U� �$B�&� i =_�d �$B �JI"�=?EHU� �89$P�'<M��Z�< who i "�<MD:"�<q �<MD#]B�';_]B�I �<!=? '<dGj �EH<�DFEHG�"�=C�'$ 2 "689 '$CEI�#D&4 1v� "�G��qEH=? �z>@"�!$C '89$C F�I �<!=? FDu�F�O"À$P"�<MD&��zgJH�O"�)��EILY<! #D 0�� ]_�FEH=FU� �Gj=C��$�EH<f>q�dEHGj�R"k�IEH<MLYJH N�\E�=\>@"�M�� '=F=C� �k2ct

�FEH=C�9>K '$C X$B #�I '$CU� #D�;B�'$N"�<M��=_�d '$V89Z�$C83�F�� F4 1 � 89�!$P"�I ��I=?$BZ9G�=?Z�$C �LY$P"�zgz�"�$ i ���M�'>K<{E�< � "��FJH � i>@"�sZ3�I #Dy=C��LY �<! '$P"�=? ��I '<!=? �<!G� F� 1�� �! R$C F�IZ9JH=?EH<MLy�I '<!=? �<!G� F�T8W�#�)�I #�)�I FD�G� �$B=C"�EH<ðE�zg8W��$C=B"�<d=
89$%��89 '$C=?EH F� 1�� �! #�I �EH<dGjJHZ3D# �=?�! k;B�'JHJI��>KEH<ML 1

— Insert Table 1 about here —
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�IEHzg89JH 7D#�\<�"�zgEHGx"�J��I�&�I=? 'z EH<e>K�!EHG��e8�$C �U�EI�'Z3�V�I=C"�=? F�V"�$C vz�"DF s"�UV"�EHJI"��FJH 7"�V"�<:"D&D#EH=?EI��<M"�JEH<!]
89Z9= 2M� �'$PD&"�< i ������ 4 16� < � ��$PD&"�<y¨½��>@��$BA i =_�d �<! �=?>@�'$CA[�I=C"�=? e"�=�"�<!�\�K83��EH<!=dEH<K=?EHzg k>@"�W"6;_Z9<!G�]=?EI�'<q�';r=?�! WEH<!89Z9=í�'<�=?�! WG�Z�$C$B �<!=r=?EHzg T�I=? �8 i 89JHZ3�\=?�! T�I=C"�=? T��;}=?�! T�'Z9=?89Z�=xZ�<dEH=B�&�'<�=?�! W89$B �U�EI��ZW�=?EHzg K�I=? �8 17� <R=?�! u>@��$BAq�! �$C i =?�! u<! �=?>@�'$CA.¨½���I=C"�=? KD# '89 '<�D&����<RGjZ9$C$B �<!=�EH<!89Z�= i 89JHZ3��EH=B����>K<EH<!=? �$B<M"�JF�I=C"�=? 2 $B �89$B #�I '<!=? #DT�\�s=?�! W�!EID�D# '<�Z9<!EH=C�)4r�'<�=?�! W8�$C �U�EI�'Z3�\G��\G�JH 1 �� 'G�"�Z3�I W=?�! W�!EID�DF �<
Z9<!EH=C��"�$B v<M��=#=B"�Z3LY�!=#=C�7"�)�IZ9zg u�I89 �GjEH;?EHG3U�"�JHZ� #� i =?�!EI�dzg #"�<M�d=?�M"�=#=?�! '�uGx"�<:DF �U� �JI�'8n$C '89$C F�I �<!]=C"�=?EI�'<M� i EH<q=?�! �Gx��Z�$P�I w��;íJH F"�$C<!EH<MLn"v=C"�IA i >K�!EHG��q '<!G��FD# T=?�! �=_ �zg83�'$P"�J&�I=?$BZ9G�=?Z�$C w��;9=?�! �=B"��A 1� <��'=?�! �$W>@�'$PD�� i =_�d 7�!EID�D# '<:Z9<!EH=C�áJ� F"�$C<:=C�7�\ �G��'zg n"XAFEH<MDh��;�zg 'z���$B�K>K�!E�Gj�:EI�VU� �$C�K=C"�IA\]�I89 �GjEH;_EHG 1

— Insert Figure 1 about here —� �d �=?�\89 f��;q<! �=?>~��$CAwZW�I #DfEH<K=?�! �G�Z9$B$C '<d=!>@��$BAwEI�W�I�M��>K<KEH< § EILYZ9$B �1�� �!EI��<! �=_>@��$BA�M"��=_�d �=?�F8�E�Gx"�JdGx��<!<! �Gj=?EI��<M�M;_$P��z�ü�ý�þ�ÿ��.ÿ�ý�ü����À=C����ü������Rý�ÿ�ý�ü���� i "�<MDK;_$%��zÍ�!EID�D# '<RZ�<dEH=C�M=C�
	 ÿ���þ�ÿ
�yÿ�ý�ü���� 1d2 � D�DFE�=_EI��<M"�J��!EID�D# '<@JI"��\ �$%�W�F '=?>K � '<@EH<!89Z9=X"�<�DRz�"�EH<@�!EID�D# '< i "�<MDR�F �=_>K � '<z�"�EH<K�!EID�D# '<@"�<MD:�'Z9=?8�Z9= i z�"��w�\ �Z3�I #Df=C�f�I �$BU\ f"��=?$%"�<M�)D#Z9Gj �$P�&>K�dEHGj�KG��'zg89$C F�o�&=?�! kEH<!89Z�="�<MDO��Z�=?89Z9=�U� �Gj=C��$%� 1 4 � �d '$C �"�$B �"�<g"D&D#EH=?EI��<M"�J9�I �=V��;dZ9<!EH=C� i G�"�JHJH #D� 	 ý��������Üÿ�ý�ü���� i >K�!EHG��n89$%��]U�EID# [;B��$ JHEHzgEH=? #Dy$C 'G�Z�$C$C '<!G� 2 "�<MD��o�[=_�dEI�7z�"����F [Gx"�J�JH FD�"���ü��7þ����������Pÿ������Rý
�!ý������ 	 ���À4 1
� �d F�I kG��'<!=? ��x=dZ9<!EH=C�W"�$C e"�Gj=?EHU�"�=_ #D:�'<h"s��<! ']_;B��$C]B�'<! k�&"�IEI���F�w=?�d ��dEID&D# '<{Z9<!EH=C� i >KEH=?�@"W;_EH�x FD>K 'E�LY�!=��'; �1 � i "�<�Df�M"�U\ �JHEH<! #"�$�"�Gj=?EHUV"�=?EI��<K;_Z9<!G�=_E��'<M� 1� �d �$C F�IZ9JH=dEI��=?��"�=M"�=d #"�G��K=?EHzg kGj�FGjJH k=?�! k�!EID�DF �<KZ9<!EH=�"�G�=?EHUV"�=?EI�'<M�3"�$B kG��'89EH #DfEH<d=B�k=?�! 
G��'<!=? ��x=�Z�<!E�=B��b���<{=?�! k<d '�x=�=?EHzg kG��\G�JH i =_�d kG��'<!=? ��x=�Gx��zg�FEH<! F�9>KEH=?�{=?�! X<! '> EH<!89Z9=�=C�e"�G�=?EHUV"�=? 
=?�! k�!EID�D# '<{Z9<!EH=C� 1W� �! k�!EID�DF �<{Z�<dEH=B�9=?�! �$B �;B�'$C k=C"�A\ e��<{=?�! Àl`�'�R��;dz�"�8�89EH<�LT<d '> EH<!89Z�=C�3"�<MD
89$BE��'$T�I=C"�=? F�V=B�7=?�! {�'Z9=?89Z�= 1 �& �G�"�ZW�I 7=?�! ��q=?�! �z��I 'JHU\ F��G���<M�I=?EH=?Z�=? 7=?�! 789$BEI��$T�I=C"�=? i =?�! ��qzgZ3�I=D# 'U� �JI�'8h$C '89$C F�� '<!=C"�=?EI��<M�M>K�!EHG��[;B"�G�EHJHEH=C"�=? �=?�!EI�ME�<!89Z�=   ��Z�=?89Z9=&z�"�8989EH<ML 1u� �! q�IEHzg89JH u$C 'G�Z�$C]$C '<!=À<d '=?>@�'$CAg�M"�v�F ' �< �I=?Z3D#EH FD[EH<ð"u<!Z9zg�F '$e�';Ï=C"�IA�� 2c� JHz�"�< i ���� ��b!5{"�)�I �$ i ����� bÜ£@"�$C i���'$CEH<M" i �@���'=?=?$C 'JHJ i ����� bs�r �$BU�"�<!]_�rG��!$B �EH�F '$ i ��JH ' �$B �z�"�<M� i � � G���JH �JHJI"�<MD i EH<K89$B #�)�)4 1

Task and Stimuli 

The prediction task. 
� < � JHz�"�< 2_���� �4v"e<! �=?>@�'$CA �IEHzgE�JI"�$7=C�K=?�M"�=6EH< § EIL'Z�$C � >@"�=?$%"�E�<! FDf=C�T89$C FD#EHG�=!=?�! w��$%D# '$X��;í>@�'$PD&�&EH<@�IEHzg89JH 2c0 ]À"�<�D t ]_>@��$%D�4í�I �<!=? '<!G� #� 1 � =! #"�G��q83�'EH<!=

EH<:=?EHzg i "X>@��$%D{>@"�V89$B #�I �<!=? FD{=C�7=?�! 7<! �=?>@�'$CA 1T� �! 7<! '=?>@��$BA�¨��V=C"�$%L' '=3�'Z9=?8�Z9=�>@"�N�IEHzg89JH�=?�! �<! '�x=!>@��$%DfEH<@�I FpYZ9 '<!G� 1N� �! �JH ��xEHGx"�J#EH=? 'z�� 2 EH<d89Z�=C�6"�<MDR��Z�=?89Z9=C�)4r>K '$C �$B �89$B #�I '<!=? #DfEH<~"
JI��Gx"�JHEI��=#;B��$Cz ZW�IEH<�LN�&"�IEI��U� �Gj=C��$%�IbPE 1  1 i  F"�G��e>@��$%Ds>@"��$P"�<MD��'zgJH�K"�o�IEILY<! #D{"�U\ 'G�=C�'$9EH<e>K�!EHG��"f�IEH<MLYJH ��FEH=�>@"�3=?Z9$B<d FDá��< 1 ¢  '�xE�Gx"�JíEH=? 'z��À>K �$B �=?�!Z3�k�'$C=?�M�FLF�'<M"�Jí=C�O�'<d O"�<M�'=?�! �$ i "�<MDq=_�d ;B��$Bz �';# F"�G��eEH=? 'z DFEIDs<M�'=} '<!G��FD# 7"�<!�uEH<!;B��$Bz�"�=?EI��<:"�����Z�=}=?�! vEH=? 'zò¨½��Gx"�=? #L\�'$C�uzg 'zg�F �$%�I�!E�8 1
� �d s89$C FD#EHG�=?EI�'<q>@"��z�"D# n��<O=?�! T�&"�IEI�v��;9=?�! TGjZ9$B$C �<!=íEH<!89Z9=í>@�'$PD i =B�#LY �=?�! '$À>KEH=?�O=?�! T89$CEI�'$�!EID�D# '<KZ9<!EH=��I=C"�=? 2 �o"�U� FDeEH<K=?�! kG��'<!=? ��x=dZ�<!EH=C�)4 1

� �dEI�\=C"�IAs>@"�FG��M�F�I �<�;B�'$À�� 'U� �$%"�J'$C F"�)��<M� 1 § EH$%�I= i =?�! W=C"�IAszg ' �=C�F=_�d TDF #�IEID# '$P"�=?Z�z =?�M"�==?�! OEH<!89Z9=C�f"�<MDá=C"�$PLY �=u�'Z9=?89Z�=C�k�\ OJHE�zgEH=? FDá=C�á�'�&�I �$BUV"��FJH #��EH<�=?�! O '<dU�EH$%��<!zg �<!= 1�� �! O<! �=?]
>@�'$CA.¨½��EH<!89Z9=C�v"�<MD[�'Z9=?89Z�=C�v"�$C sEHzgzg #D#EI"�=? 'JH�h"�U�"�EHJI"��\J� n"�<MDw$C FpYZ�E�$B TzgEH<!EHz�"�J�"N89$CEI�'$CE\=?�! F��]
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5u$P"�zgz�"�$P4MD# F�IEIL'<M"�=? f=?�! eG��'<d=_ ��x=�EH<�"�<@ '�x89JHE�GjEH=�z�"�<d<! '$�=?�!$P�'Z3LY�S�o�']_G�"�JHJH #D`���JI"�I�!]_G�"�=? FL\��]
$CEH F�B� 1 ¥�=?�! �$u"�898�$P�#"�Gj�! #�ÀZW�I O"D�D#EH=?EI�'<M"�JíG�"�=? FL\��$B�:JI"��F 'J�� 2  1 L 1 i ���#LY<!EH=?EHU\ �5u$P"�zgz�"�$ i �  'JI"�]=?EI�'<�"�J�5u$P"�zgz�"�$ i 5K��U� �$B<!zg �<!=�� ��EH<MD#EH<ML\4}=C�{D# #�IEILY<M"�=? s 'J� 'zg �<!=C�N"�N��Z��'lm 'G�= i =?�! �zg i "�$%L'Z�]zg �<!= i =?$P"`lm 'G�=C�'$C� i 83"�=?� i  '=?G 1M� <g"D�DFEH=?EI��< i =?�! F��$CEH F�íz�"��ez�"�A\ �ZW�� ��';�=?$C ' #� i �\$P"�G�A\ '=?EH<�L i Gx��]_EH<!]D# '�xEH<�L i �I83"�=_E�"�JW��$%L\"�<dE���"�=?EI�'< i =?EH '$P� i "�$CG�� i G�EH$BG�JH #� i "�<MDáDFEI"�G�$CEH=?EHGx� EH<��'$PD# '$�=C�eG��'<!U\ '�Rz��'$C G��'zg89JH ��:$C 'JI"�=?EI��<M�I�!EH83�7"�<MDgz�"�8989EH<ML\� 1 Q $%��G� F�)�IEH<�L@��$�EHzg89JH 'zg �<!=C"�=?EI�'<áU� �$%�IEI��<M�v '�xEI�I=À;B�'$�)��zg ��';\=?�! #�I �=?�! #�'$CEH #�Ib'<d F"�$CJH�O"�JHJx$B #pYZ�EH$C �"À>@��$BA\E�<MLX�\Z9;_;_ �$v��$v�I=C"�G�A�EH<[�'$PD# '$�=C�u"�GjG���Z�<!=F;B��$
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INTRODUCTION

i�jlk�m*n�m*jYoapAmrq�k@sSo�tYm*k�mut�q�sSvdmPm*jln#wPj�syxyzrm*k@q�vd{|mu}akLwd~Pk�mrs�s�x|j`zrmP�Hm*{ywP}ax|j�~unEw*jYjYm*n�o�xyw*jYxysyo
� wrzdm*{ys!w*�){yq�j�~P��q�~Pmd���
t>xysb��w*k���t�q�sBzdm � wPj�sUo�kLq�o�mdzlo�t>m�q�vdx|{|x|o�p�wP��jYm*o���w*k�� � wrzdm*{ysbo�w�q�n��
n#wP�ajYoI��w*k�q]�Sq�k�x|m*o�p�wP�I}�t>mPj�w � mPj�q�x|j�}at�wPj�w*{ywd~Pp��Cmd�(~A� �
��q�s�sUmPk�����m*mP�b�����H���/��q�k�mP�b�����H���
�bw*�ak�m*o����ApA�/���� ����A�bw*��k�m*o����dp¡�£¢¤t>mPm*{|mPk��/���� ��H¥C� � wPk�}at�wP{ywr~¦p¡�Cmr�(~A� �A��q�k�mP�A§�w*k�x|j�q��H§�w*o�o�k�m*{|{|�
���� �����¨©q�n�¢¤tYx1jYjYmPp�mPo!q�{|������ ����aª�{|�ajY�Am*o�o!�«¨©q�k�n�t � q�j>������ �����¬� � m*{|t�q�k�o!�«¨�n�§&{1mP{|{yq�j�zr�
���� H®�vd�P¬p
zdm*k��r���� ��H¥C�rsy}wP�dmPj���w*k@z¯k�m*n#wd~¦jYx1o�xUwPj��C¨�n�§W{|m*{|{yq�j�z���°�{ � q�jY�r���� H®�¥C�*�±k�x|o�o�mPj���w*k@z
k�mPn#wd~PjYx|o�xywPj±�C¬� � m*{|t�q�k�oY��¨�n�§W{|m*{|{yq�j�zr�#���� H®���²[mPxyzrmPj>vAm*k@~B��¨�n�§W{|m*{|{yq�j�zr�#���� ��H¥C�#sy}am*mPn�t�}ak@w*�
zr��n�o�xywPj³�C´�m*{|{|������ H®��>²[o�m � vAm*k@~PmPk������� �µH¥C��q�j�z�kLwP{|m�q�s�syxy~Pj � mPj>o&�C¶Zq���q � w*o�w��·¨�n�§W{|m*{|{yq�j�zr�
���� H®��_¨�x|x|�d�A�a{yq�x|jYmPj¡��´�pAm*k��a���� ��Hq��_²[o��@¸�w*tYj¡�¤¨�n�§W{|m*{|{yq�j�zr������ ��H¥��!i¹o�xys�n�{|mdq�kbo�t�q�o
n#wPjYj>mPn��
o�xywPj>xysyorjYm*o���wPk��/s>t�q��Hm � q�jYp¯}�kLw*}�m*k�o�x1mdsH�±t>x|n�t � q��AmGo�tYm � q�o�o�kLq�n�o�x|�HmG��w*k�{yq�j�~¦�q�~¦mG}akLwPn�mds�sy�
x|j�~d�

º o
o�tYm�s�q � m¯o�x � m*�ro�t>mPk�m¯k�m � q�x|j¡syxy~PjYx|��x|n#q�jYo�syt�wPk�o�n#w � x|j�~ds�o�wun��ak�k�m*jYo���w*k��/�u��tYxys�xys
t�q�kLzd{1p»sy�ak�}ak�xysyx|j�~d¼½j�q�o��ak@q�{#{yq�j�~¦�q�~¦mIxys�q��HmPk�p±zdx|����x1n��a{|o
z�w � q�x|j��Si�od}wdsymrs�zrx|����x|n��a{|odn�t�q�{|{|mPj�~¦�
mrsA��wPk)q�j>pu}q�kLq�zdxy~ � �Y��tYmdsUmbn�t�q�{|{|m*j�~¦mrs/syt�wP�a{yz�vdm!sUmPm*j»qS}wrsyx|o�x|�Hm�{|xy~¦t>o��>�
t>mPp!o�mdsyo[o�tYm�}w*���
m*k�w*�Io�tYm»��kLq � mP��w*k��3q�j�z�nEq�j·q�{ys�w � w*o�x1�Sq�o�m»o�tYm�zdm*�Hm*{ywP} � m*jYouwP�IjYm*�¾n#wPjYjYm*n�o�xUwPjYxysyouq�}a�
}ak@wrq�n�tYmds��

i�j]o�tYxys>}q�}amPk�iA��w*��{Uz¯{|x|�dmIo�wG��wPn���sSwPj]��t�q�ori
symPmuq�s>o�tYk�mPmuwP�do�tYmG}ak�x|jYn�x|}q�{#n�t�q�{|{|m*j�~¦mrs
o�w]q!sy�an�n�mds�sy���a{rn#wPjYj>mPn�o�xywPjYxUsyo�q�n�n#wP�ajYo�w*�Y{yq�j�~¦�q�~¦mr�b�
tYm*p�q�k�md¼

¿�À�ÁÃÂÅÄ�Æ>Ç/È�É^ÇUÄ
Ê&Ë
ÆHÇ�ÌrÍ�Ê^Î�Ï�ÇUÄ
Ê&Ð�È�ËdÑÌrÈ�É�ÇUÈ�Ò¤Í�Ê9Ó�Í�Ê�É�Ê�Ë
ÇUÆ>ÇUÈ�Î�Ë�ÉYÔ
¿CÕ¦Á�Ö×ÎHØÅÒ�Æ>Ë©Ò�Î�Ù�Ó�Ð�Ê�Ú�É�ÇUÍ#ÌdÒ�Ç�ÌdÍ�Æ>ÐÛÍ�Ê�Ð�Æ>ÇUÈ�Î�Ë
É�Ä�ÈCÓ�É±É#ÌdÒ�Ä©Æ>É±Ò�Î�Ë
É�ÇUÈ�Ç�ÌrÊ�Ë�Ò6Ü·Ý¦Ê

Í�Ê6Ó�Í�Ê�É�Ê�Ë�ÇUÊ�ÞBÔ
¿Cß¦ÁNÖ×ÎHØ³Ò�Æ>Ë�ÇyÄ�ÊIÆ#Ó>Ó�ÆHÍ�Ê�Ë�ÇyÐCÜàÎ�Ó�Ê�ËbáCÊ�Ë�Þ
Ê�Þ�Ë�Æ>Ç�ÌdÍ�ÊIÎ�Ï)Ð�Æ>ËrÑÌdÆ#ÑaÊ¯Ý¦ÊIÆ>Ò�Ò�Î�ÙâÙâÎHá

Þ
ÆHÇyÊ�ÞXÝ�Ü»ÆÏ�È�Ú�Ê�Þ�áCÍ�Ê�É�ÎHÌdÍ�Ò�Ê^É9ÜHÉ�ÇyÊ�Ù£Ô
ã¹ä ¢�å£�åHæB¢6ç ä�èré4êaë ¢�ì�åHæ�å�íd£�î�ï é å�ðXæ�ñY£�åàò é îHæ�å é4ê ç ä ¢�å£�¢�ó�ç ä åHô ë ñ ä ôâñ éRé ì�ñ¦õ_ån¢�î�ô#îàó�ç¡¢�ì�£�å�íd£�åHö
æ�å ä ¢Lñ'¢�ç4î ä�÷

ø ã¹ä íd£�åHæLæ4ù/ú Æ>Ò�Ä�È�Ë�Ê^ûÊ�Æ>Í�Ë
È�ËrÑ_Á


