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�����6<:7-=,<276
:LWK�WKH�ZRUOG�EHFRPLQJ�PRUH�DQG�PRUH�GLJLWL]HG��WKH�¿HOG�RI�HGXFDWLRQ�KDV�
@9<�FG�;@GA;=�:ML�LG�C==H�MH�9F<�K=L�GML�GF�9�IM=KL�LG�<A?AL9DAR=�D=9JFAF?���A?AL9D�
OHDUQLQJ�GH¿QHG�DV�³OHDUQLQJ�IDFLOLWDWHG�E\�WHFKQRORJ\�WKDW�JLYHV�VWXGHQWV�VRPH�
=D=E=FL� G>� ;GFLJGD� GN=J� LAE=	� HD9;=	� H9L@� 9F<�GJ� H9;=e� �"=GJ?A9�"GN�	� F�<���
KDV� FRPH� WR� FKDQJH� WKH� HGXFDWLRQDO� ODQGVFDSH� DQG� R൵HU� QRYHO� HGXFDWLRQDO�
=PH=JA=F;=K�� $F� L@=K=� <A?AL9D� D=9JFAF?� =PH=JA=F;=K	� AF� GJ<=J� LG� ;GFKLJM;L�
CFGOD=<?=	�L@=�D=9JF=J�AK�LG�AFL=J9;L�OAL@�L@=�D=9JFAF?�;GFL=FL	�L@=�AFKLJM;LGJ	�
9F<� OAL@� GL@=J� D=9JF=JK� L@JGM?@� L=;@FGDG?Q�� /@=K=� L=;@FGDG?Q
E=<A9L=<�
LQWHUDFWLRQV��GH¿QHG�DV�³D�GLDORJXH�RU�GLVFRXUVH�RU�HYHQW�EHWZHHQ�WZR�RU�PRUH�
H9JLA;AH9FLK�9F<�G:B=;LK�O@A;@�G;;MJK�KQF;@JGFGMKDQ�9F<�GJ�9KQF;@JGFGMKDQe�
�0XLUKHDG�	�-XZDK��������S�������VXEVWDQWLDOO\�GL൵HU�IURP�LQWHUDFWLRQV�ZLWKLQ�
LJ9<ALAGF9D	�H@QKA;9DDQ�KALM9L=<�D=9JFAF?�=PH=JA=F;=K�9K�L@=Q�AFNGDN=�K=H9J9LAGF�
:Q� KH9;=� 9F<�GJ� LAE=��/@=K=� AFL=J9;LAGFK� N9JQ� AF� L@=AJ� >GJE� 9F<� KAR=�02A>BB�
<A?AL9D� D=9JFAF?� =FNAJGFE=FLK	� <=H=F<AF?� GF� O@=L@=J� L@=Q� G;;MJ� AF� >MDDQ�
GFDAF=�GJ�:D=F<=<�@Q:JA<�D=9JFAF?�=FNAJGFE=FLK	�9F<�F8C78=�9�<A?AL9D�D=9JFAF?�
=FNAJGFE=FL	�<=H=F<AF?�GF�O@=L@=J�L@=Q�G;;MJ	�>GJ�=P9EHD=	�AF�9�E9KKAN=�GH=F�
GFDAF=�;GMJK=�GJ�9�KE9DD�GFDAF=�;GMJK=�

#=F;=	�OAL@AF�9�KAF?D=�;GMJK=	�L@=�D=9JF=JcAFKLJM;LGJ	�D=9JF=Jc;GFL=FL	�9F<�
D=9JF=JcD=9JF=J�AFL=J9;LAGFK�OADD�:=�<=L=JEAF=<�:Q�9�FME:=J�G>�N9JA9:D=K	�KM;@�
9K�L@=�;GMJK=�KLJM;LMJ=	�L@=�;GEEMFA;9LAGF�E=<AME�9	�L@=�FME:=J�G>�D=9JF=JK	�
HWFHWHUD� �0RRUH�� ������� 7KH� LQWHUDFWLRQV�� WKH� XOWLPDWH� JRDO� RI� ZKLFK� LV� ³WR�
AF>GJE	� LG� ;GFKGDA<9L=� 9F<� LG� =F@9F;=� E=9FAF?� E9CAF?	� 9K� O=DD� 9K� <==H=F�
KLM<=FLKg�MF<=JKL9F<AF?�9F<�E9KL=JQ�G>�L@=�KM:B=;L�E9LL=Je��%MO9@	��

�	�H���	�
LQ�WKHLU�WXUQ��ZLOO�D൵HFW�HDFK�RWKHU��DV�WKH�OLPLWHG�UDWH�RI�RQH�W\SH�RI�LQWHUDFWLRQ�
OADD�F=;=KKAL9L=�9F�AF;J=9K=<�J9L=�G>�GF=�G>�L@=�GL@=J�LOG��/���F<=JKGF	��

����
/@MK	� DAEAL=<� D=9JF=JcAFKLJM;LGJ� AFL=J9;LAGF� OAL@AF� 9� ;GMJK=� OADD� AF=NAL9:DQ�
LQFUHDVH� WKH� GLVWDQFH� EHWZHHQ� ³ZKDW� D� VWXGHQW� XQGHUVWDQGV� DERXW� D� UHDOLW\��
9F<� L@=�MF<=JKL9F<AF?�G>� L@9L�K9E=�J=9DALQ�:Q� L@=�H=JKGF�GJ�H=JKGFK�;@9J?=<�
OAL@�@=DHAF?�L@9L�KLM<=FL�AF�L@=�<=N=DGHE=FL�G>�@AK�GJ�@=J�CFGOD=<?=e��(GGJ=	�
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��	�H�������-=<M;AF?� L@AK�<AKL9F;=�OGMD<�=FL9AD�E9CAF?�MH� >GJ� L@=� DAEAL=<�
D=9JF=JcAFKLJM;LGJ� AFL=J9;LAGF� :Q� ;GMFL=J:9D9F;AF?� AL�OAL@� AF;J=9K=<� D=9JF=Jc
D=9JF=J�AFL=J9;LAGF�L@9L�AK�=PH=;L=<�LG�=F9:D=�D=9JF=JK�LG�F=?GLA9L=�E=9FAF?�9F<�
LG�;GFKLJM;L�CFGOD=<?=� �"MF9O9J<=F9	�������.L9@D�=L�9D�	��

���.L9@D�=L�9D�	�
�������$W� WKH� VDPH� WLPH�� WKH� IRUPXOD� ³WKH�PRUH� OHDUQHU±OHDUQHU� LQWHUDFWLRQ�
L@=J=� AK� �GJ� AK� J=IMAJ=<�� AF� 9� <A?AL9D� D=9JFAF?� =FNAJGFE=FL	� L@=� :=LL=J� >GJ� L@=�
OHDUQHUV�DQG�OHDUQLQJ´�GRHV�QRW�ZRUN�HLWKHU��H�J���%DWWDOLR���������7KXV��LI�³WKH�
EGJ=	�L@=�E=JJA=Je�<G=K�FGL�OGJC	�GF=�F==<K�LG�;9D;MD9L=�L@=�GHLAE9D�9EGMFL�G>�
D=9JF=JcD=9JF=J�AFL=J9;LAGF�L@9L�OGMD<�D=9<�LG�E=9FAF?�E9CAF?�9F<�CFGOD=<?=�
;GFKLJM;LAGF�OAL@AF�0�FRXUVH�JLYHQ�WKH�FRXUVH�VSHFL¿F�YDULDEOHV��7KH�FDOFXODWLRQ�
G>� L@=� GHLAE9D� 9EGMFL� G>� D=9JF=JcD=9JF=J� AFL=J9;LAGF� AK� FGL� HGKKA:D=�OAL@GML�
9F�AFALA9D�MF<=JKL9F<AF?�G>�F70C�D=9JF=JcD=9JF=J�AFL=J9;LAGF�AK�9F<�7>F�AL�AK�GJ�
K@GMD<�:=�E=9KMJ=<��

4=L	� =N=F� L@GM?@� D=9JF=JcD=9JF=J� AFL=J9;LAGF� MF<=JHAFK� L@=� H=<9?G?Q� G>�
GFDAF=�=<M;9LAGF��%MO9@	��

���.L9@D�=L�9D�	��

��	�ALK�=N9DM9LAGF�KLADD�;GFKLALML=K�
9�;JALA;9D�;@9DD=F?=�AF�=<M;9LAGF9D�J=K=9J;@��/���F<=JKGF	��

���"MF9O9J<=F9	�
������*XQDZDUGHQD�HW�DO���������'H�:HYHU�HW�DO����������7KH�UHVHDUFK�¿QGLQJV�
GF�D=9JF=JcD=9JF=J�AFL=J9;LAGF�9J=�@A?@DQ�;GFLJ9<A;LGJQ	�OAL@�L@=�JGD=�G>�D=9JF=Jc
D=9JF=J�AFL=J9;LAGF�J9F?AF?�>JGE�:=AF?�FGF=PAKL=FL�GJ�F=?DA?A:D=��=�?�	��9LL9DAG	�
�

���"J=?GJA� =L� 9D�	� �
���� %A9F?� =L� 9D	� �
����2AK=����MA	� �
��;�� LG� :=AF?�
VLJQL¿FDQW��H�J���-RNVLPRYLü��*DãHYLü��/RXJKLQ�HW�DO���������.XUXFD\�	�,QDQ��
�
����'GM�=L�9D	��

���.;@JAJ=	��

���5@9F?�=L�9D�	��
����AF�E9PAEARAF?�D=9JF=J�
DFKLHYHPHQW�LQ�GLJLWDO�OHDUQLQJ�HQYLURQPHQWV��7KH�FRQWUDGLFWRU\�¿QGLQJV�WKDW�
FDQ�EH�IRXQG�QRW�RQO\�DFURVV�GL൵HUHQW�VWXGLHV�EXW�DOVR�ZLWKLQ�WKH�VDPH�VWXG\�
�=�?�	�%A9F?�=L�9D	��
����?AN=�JAK=�LG�E9FQ�IM=KLAGFK��!GJ�AFKL9F;=	�O@=F�AF�9�KLM<Q�
�.O9F	� �


�� L@=� ;GJJ=D9LAGFK� :=LO==F� H=J;=AN=<� D=9JF=JcD=9JF=J� AFL=J9;LAGF�
9F<� L@=�N9DM=�HML�GF�<AK;MKKAGFK�GF� L@=�GF=�@9F<�9F<�H=J;=AN=<�D=9JFAF?�GF�
L@=�GL@=J�@9F<�9J=� J=HGJL=<�9K�HGKALAN=�O@AD=� L@=�;GJJ=D9LAGFK�:=LO==F�N9DM=�
HML�GF�;GGH=J9LAN=� D=9JFAF?�9F<�H=J;=AN=<� D=9JFAF?�9J=� J=HGJL=<�9K�F=?9LAN=	�
AL�E9C=K�GF=�OGF<=J�O@=L@=J� L@=�KLM<=FLK�<A<�FGL�H=J;=AN=� LG�:=� AFL=J9;LAF?�
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<MJAF?�;GGH=J9LAN=�D=9JFAF?��*J�O@=F�D=9JF=JKg�H=J;=HLAGF�G>�AFL=J9;LAGF�K=JN=K�
9K�9�:=LL=J�HJ=<A;LGJ�G>�;GMJK=�K9LAK>9;LAGF�L@9F�L@=AJ�9;LM9D�E=9KMJ=<�AFL=J9;LAGF�
�!MD>GJ<���5@9F?	�����	�9K�;AL=<�AF��=JF9J<�=L�9D�	��

��	�AL�J9AK=K�L@=�IM=KLAGF�G>�
KRZ�GLVWLQFW�WKH�GLVWLQFWLRQ�EHWZHHQ�RQH¶V�DFWLRQV�DQG�³WKH�PHDQLQJ�SDUWLFXODU�
KG;A9D�9;LAGFK�@9N=�>GJ�L@=�9;LGJK�O@GK=�9;LAGFK�L@=Q�9J=e�AK��"==JLR	�����	�H��
�����

/@MK	�AF�L@=�DA?@L�G>�9DD�L@AK	�L@=�F=PL�IM=KLAGF�L@9L�9JAK=K�AK�FGL�GFDQ�O@=L@=J�
D=9JF=JcD=9JF=J� AFL=J9;LAGF� :Q� 9FQ� GL@=J� F9E=�OGMD<� KLADD� :=� D=9JF=JcD=9JF=J�
LQWHUDFWLRQ�EXW�ZKHWKHU�E\� WKH� VDPH�QDPH� LW�PLJKW�QRW�EH�GL൵HUHQW� ³WKLQJV´�
LQ�GL൵HUHQW�VWXGLHV��,I�WKLV�LV�WKH�FDVH��WKHQ�FDQ�LW�H[SODLQ�ZK\�OHDUQHU±OHDUQHU�
AFL=J9;LAGF�9HH=9JK�;JM;A9D�@=J=�9F<�LJANA9D� L@=J=��-G?=JK�=L�9D�	��
�����2@9L�
PLJKW� LW�PHDQ� IRU� WKH� LQWHUSUHWDWLRQ� DQG� FRPSDULVRQ�RI� UHVHDUFK�¿QGLQJV�RQ�
D=9JF=JcD=9JF=J�AFL=J9;LAGF�9F<�L@=�AEHDA;9LAGFK�>GJ�L@=�JGD=�G>�D=9JF=JcD=9JF=J�
LQWHUDFWLRQ"�:LOO�LW�RQO\�OLPLW�³RXU�DELOLW\�WR�GHYHORS�VWURQJ�WKHRULHV�WKDW�FDQ�
HJGH=D� >MJL@=J� <=N=DGHE=FLe� ��=JF9J<� =L� 9D�	� �

�	� H�� ������ GJ�OADD� AL� J=KMDL�
AF� AF;G@=J=FL� =PHD9F9LAGFK� GJ� AFL=JHJ=L9LAGFK� G>� L@=� JGD=� G>� D=9JF=JcD=9JF=J�
AFL=J9;LAGF� AF� D=9JFAF?� AF�(**��=FNAJGFE=FLK�O@A;@� AF� L@=AJ� LMJF�E9Q�D=9<�
LG�AF;GFKAKL=FL�GJ�>9MDLQ�HJ=K;JAHLAGFK�>GJ�HJ9;LA;=��/@MK	�L@=�;=FLJ9D�IM=KLAGF�
?MA<AF?� L@AK� <AKK=JL9LAGF� AK�� "40A=4AL;40A=4A� 8=C4A02C8>=� 8=� 3868C0;� ;40A=8=6�
4=E8A>=<4=CB��F70C�0=3�7>F�0A4�F4�<40BDA8=6�

�����202<*4��.*:6260��6>2:765.6<;
/@=�L=JE�3868C0;�;40A=8=6�ZDV�FKRVHQ�LQ�WKLV�GLVVHUWDWLRQ�WR�UHIHU�WR�³OHDUQLQJ�
PHGLDWHG� E\� GL൵HUHQW� WHFKQRORJLFDO� PHWKRGV� RI� WUDQVFHQGLQJ� SK\VLFDO� DQG�
NAJLM9D� KH9;=e� �.CJQHFQC�=L� 9D�	� �
��	�H�����	� L9CAF?� AFLG� 9;;GMFL� L@9L� AL� ;9F�
K=JN=�9K�9F�ME:J=DD9�L=JE��.A=E=FK�=L�9D�	��
����>GJ�GFDAF=�O=:
:9K=<�D=9JFAF?�
�=�?�	�(9KKAN=�*FDAF=�*H=F��GMJK=K��9F<�:D=F<=<� D=9JFAF?	� L@=� LOG�D=9JFAF?�
=FNAJGFE=FLK�AF�O@A;@�L@=�KLM<A=K�J=HGJL=<�AF�L@AK�<AKK=JL9LAGF�O=J=�;9JJA=<�GML��

(9KKAN=�*FDAF=�*H=F��GMJK=K��(**�K�	�9K�AEHDA=<�:Q�L@=AJ�F9E=	�@9N=�
NAJLM9DDQ�MFDAEAL=<�FME:=J�G>�D=9JF=JK�L@9L�;9F�:=�=FJGDD=<�AF�9�KAF?D=�;GMJK=�
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GF�L@=�GF=�@9F<�9F<�DAEAL=<�AFKLJM;LAGF9D�?MA<9F;=�9N9AD9:D=�GF�L@=�GL@=J��2AL@�
L@=K=�LOG�LG?=L@=J	�L@=�<=?J==�LG�O@A;@�9F�AF<ANA<M9D�D=9JF=J�AK�9:D=�LG�AFL=J9;L�
OAL@�L@=�;GMJK=�AFKLJM;LGJ�AK�9HHJG9;@AF?�R=JG��$F�;GFLJ9KL�LG�(**�K	�O@A;@�9J=�
³SODQQHG�OHDUQLQJ�H[SHULHQFHV�ZLWKLQ�QRQIRUPDO��GLJLWDO�HGXFDWLRQDO�VHWWLQJV��
XVHG� WR� IDFLOLWDWH� OHDUQLQJ�DW� VFDOH´� �-RNVLPRYLü��3RTXHW� HW� DO��� ������S�� �����
:D=F<=<�;GMJK=K�;GFKLALML=�9�;GE:AF9LAGF�G>�>9;=
LG
>9;=�AFKLJM;LAGF�9F<�O=:

:9K=<	�L=;@FGDG?Q
E=<A9L=<�AFKLJM;LAGF��+A;A9FG�=L�9D�	��
����.CJQHFQC�=L�9D�	�
�
�����/@MK	�L@=�9EGMFL�G>�9N9AD9:D=�AFKLJM;LAGF9D�?MA<9F;=�AF�L@=�O=:
:9K=<	�
L=;@FGDG?Q
E=<A9L=<�HGJLAGF�G>�9�:D=F<=<�;GMJK=�;9F�NAJLM9DDQ�=IM9D�L@=�9EGMFL�
9N9AD9:D=�AF�L@=�LJ9<ALAGF9D�>9;=
LG
>9;=�HGJLAGF��/@AK�KM??=KLK�L@9L�9DL@GM?@�AF�
L@=K=�LOG�<A?AL9D�D=9JFAF?�=FNAJGFE=FLK	�D=9JFAF?�AFNGDN=K�D=9JF=J�AFL=J9;LAGFK�
ZLWK� RWKHU� OHDUQHUV�� LQVWUXFWRUV�� DQG� FRQWHQW�� WKH� GL൵HUHQW� SURSRUWLRQV� RI�
9;;=KKA:D=�D=9JF=JcAFKLJM;LGJ�AFL=J9;LAGF�AF�L@=�LOG�=FNAJGFE=FLK�OGMD<�9LL9;@�
GL൵HUHQW�ZHLJKWV� WR� OHDUQHU±OHDUQHU� LQWHUDFWLRQ� LQ�RUGHU� WR�HQDEOH� OHDUQHUV� WR�
F=?GLA9L=�E=9FAF?�9F<�LG�;GFKLJM;L�CFGOD=<?=��

��
��.*:6.:�D�.*:6.:��6<.:*,<276��&1.� =4<2-25.6;276*42<A�7/�
<1.��*<*��
�GL@� AF�(**��9F<�:D=F<=<� D=9JFAF?�=FNAJGFE=FLK�9K�O=DD�9K� AF�9FQ�<A?AL9D�
D=9JFAF?�=FNAJGFE=FL	�D=9JF=JcD=9JF=J�AFL=J9;LAGF�AK�L@=�;GEEMFA;9LAGF�:=LO==F�
D=9JF=JK�OAL@AF�9�;GMJK=��(GGJ=	��������$L�;9F�G;;MJ�:=LO==F�LOG�D=9JF=JK�GJ�
:=LO==F�K=N=J9D�D=9JF=JK�GJ�:=LO==F�K=N=J9D�L@GMK9F<�D=9JF=JK�9K	�>GJ�=P9EHD=	�AF�
E9KKAN=�D=9JFAF?�=FNAJGFE=FLK��'=9JF=JcD=9JF=J�AFL=J9;LAGF�AF�<A?AL9D�D=9JFAF?�
HQYLURQPHQWV��LUUHVSHFWLYH�RI�ZKHWKHU�LW�LV�GH¿QHG�DV�FRPPXQLFDWLRQ�RU�GLDORJXH�
GJ�<AK;GMJK=�GJ�=N=FL	�;9F�:=�KQF;@JGFGMK��=�?�	�;@9LLAF?��GJ�9KQF;@JGFGMK��=�?�	�
<AK;MKKAGF�:G9J<K	�H==J�J=NA=OK�>==<:9;C��� 9;@�9F<�=N=JQ�AFKL9F;=�G>�D=9JF=J�
AFL=J9;LAGF�OAL@AF� 9� ;GMJK=	� L@9L� AK	�O@G	� @GO	� 9F<�O@=F� 9� D=9JF=J� AFL=J9;LK�
ZLWK�DQG�WKH�³DUWHIDFWV´�RI�WKHVH�LQWHUDFWLRQV��DUH�FDSWXUHG�E\�WKH�V\VWHP�RU�WKH�
HD9L>GJE�L@JGM?@�O@A;@�L@=�;GMJK=�AK�<=DAN=J=<���K�9�J=KMDL	�9>L=J�=9;@�;GMJK=	�
L@=�;GMJK=�HJGNA<=JK�9J=�D=>L�OAL@�?A?9FLA;�KMAL;9K=K�>MDD�G>�D=9JF=J�AFL=J9;LAGF�
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<9L9	�L@=�@M?=�KAR=�G>�O@A;@�AK�<=L=JEAF=<�:Q�L@=�K=;GF<
:Q
K=;GF<�;9HLMJ=�G>�
=9;@�9F<�=N=JQ�AFL=J9;LAGF�G>�9�D=9JF=J�OAL@AF�L@=�=FNAJGFE=FL�9F<�GJ�:Q�L@=�
FME:=J�G>� D=9JF=JK�=FJGDD=<� AF�9� D=9JFAF?�=FNAJGFE=FL	�KM;@�9K�L@GMK9F<K�G>�
OHDUQHUV�LQ�D�022&��:LVH�	�6KD൵HU���������

�K�OAL@�=N=JQ�F=O�H@=FGE=FGF	�L@=K=�AFL=J9;LAGF9D�LJ9;=K�9J=�:=AF?�HJ=

=EHLAN=DQ� =E:J9;=<� 9F<� 9F9DQR=<� AF� MFHJ=;=<=FL=<� NGDME=K�� /@AK� J=KMDLK�
AF� 9� N9KL� 9EGMFL� G>� J=K=9J;@� ;GEHJAK=<� G>� =AL@=J� KLM<A=K� L@9L� MLADAR=� LJ9;=�
GDWD� WR� HYDOXDWH� D� VLQJOH�R൵HULQJ�RU�PXOWLSOH�R൵HULQJV�RI� D� VLQJOH� FRXUVH�RU�
VWXGLHV�WKDW�XWLOL]H�WUDFH�GDWD�IURP�GL൵HUHQW�FRXUVHV�WR��IRU�H[DPSOH��GHYHORS�
SUHGLFWLYH�PRGHOV��6XFK�³ELJ�GDWD´�DQDO\VLV�KDV�EHHQ�HQYLVDJHG� WR�EULQJ� WKH�
QHZHVW�UHYROXWLRQ�LQ�WKH�¿HOG�RI�UHVHDUFK�RQ�OHDUQLQJ�E\�DOORZLQJ�WKH�GDWD�WR�
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�1*8<.:�
�<=K;JA:=K�9�KLM<Q�AFN=KLA?9LAF?�L@=�;GEHD=P�J=D9LAGFK@AH�:=LO==F�
WKH�FRJQLWLYH�DQG�VRFLDO�DVSHFWV�RI�OHDUQHU±OHDUQHU�LQWHUDFWLRQ�DQG�WKHLU�LQÀXHQFH�
GF�D=9JF=J�9;9<=EA;�H=J>GJE9F;=�AF�:D=F<=<�D=9JFAF?�=FNAJGFE=FLK��!AJKL	�L@=�
;GFL=FL�G>�D=9JF=JcD=9JF=J�AFL=J9;LAGF�OADD�:=�9F9DQR=<�L@JGM?@�L@=�9F9DQKAK�G>�
L@=�L=PL�;GFLJA:ML=<�:Q�D=9JF=JK�AF�L@=�;GMJK=�<AK;MKKAGF�>GJME��$F�L@=�9F9DQKAK	�
O=�OADD�L9C=�9�L@A;C�<=K;JAHLAGF�9HHJG9;@�9F<�OADD�A<=FLA>Q�L@=�D=N=DK�G>�D=9JF=JKg�
FRJQLWLYH� SUHVHQFH�� UHÀHFWHG� LQ� WKH� FRQWHQW� RI� OHDUQHU±OHDUQHU� LQWHUDFWLRQ��
AF� GJ<=J� LG� =P9EAF=� @GO� L@=� D=N=DK� G>� D=9JF=J� ;G?FALAN=� HJ=K=F;=� 9KKG;A9L=�
OAL@� D=9JF=JKg� 9;9<=EA;� H=J>GJE9F;=�� )=PL	� L9CAF?� 9� KLJM;LMJ9D� <=K;JAHLAGF�
9HHJG9;@	�O=�OADD�9F9DQR=�L@=�KLJM;LMJ=�G>�D=9JF=JcD=9JF=J�AFL=J9;LAGF�L@JGM?@�
KG;A9D� F=LOGJC� 9F9DQKAK� LG� <=L=JEAF=� D=9JF=J� HJGEAF=F;=dL@=� GML?GAF?� 9F<�
AF;GEAF?�;GFF=;LAGFK�G>�9�D=9JF=JdOAL@AF�L@=AJ�D=9JFAF?�F=LOGJC��!AF9DDQ	�L@=�
EG<=J9LAF?� JGD=�G>� D=9JF=J�HJGEAF=F;=�E=9KMJ=K� AF� L@=� J=D9LAGFK@AH�:=LO==F�
L@=�D=9JF=J�;G?FALAN=�HJ=K=F;=�9F<�9;9<=EA;�H=J>GJE9F;=�OADD�:=�=P9EAF=<�
�1*8<.:��� J=9<<J=KK=K� L@=� J=D9LAGFK@AH�:=LO==F� L@=�;G?FALAN=�9F<�KG;A9D�

DVSHFWV�RI�OHDUQHU±OHDUQHU�LQWHUDFWLRQ�LQ�WKHLU�LQÀXHQFH�RQ�OHDUQHU�SHUIRUPDQFH��
:ML�L@AK�LAE=�AF�9�E9KKAN=�D=9JFAF?�=FNAJGFE=FL	�AF�GJ<=J�LG�K@=<�DA?@L�GF�L@=�
<QF9EA;K�L@JGM?@�O@A;@�(**�K�;9F�KMHHGJL�AF<ANA<M9D�D=9JFAF?��/@=�KLM<Q�OADD�
¿UVW�WDNH�D�WKLFN�GHVFULSWLRQ�DSSURDFK�WR�WKH�DQDO\VLV�RI�WKH�FRQWHQW�RI�OHDUQHU±
D=9JF=J� AFL=J9;LAGF� 9F<� =P9EAF=� L@=� ;G?FALAN=� D=N=DK� G>� D=9JF=J� ;GFLJA:MLAGFK�
LG�L@=�(**��<AK;MKKAGF�>GJME��/@AK�OADD�:=�>GDDGO=<�:Q�L@=�9F9DQKAK�G>�@GO�
L@=� ;G?FALAN=� 9KH=;L� 9F<� L@=� KG;A9D� 9KH=;L	�E=9KMJ=<�:Q� L@=� LGL9D� FME:=J� G>�
GL൵HUHQW�WKUHDGV�D�OHDUQHU�FRQWULEXWHG�WR��D൵HFW�HDFK�RWKHU�LQ�SUHGLFWLQJ�OHDUQHU�
(**��H=J>GJE9F;=��

!AF9DDQ	� �1*8<.:� �� ;GF;DM<=K� L@AK� <AKK=JL9LAGF� :Q� <AK;MKKAF?� L@=� E9AF�
UHVHDUFK�¿QGLQJV�RI�WKH�WKUHH�VWXGLHV��7KH�UHVHDUFK�¿QGLQJV�DUH�GLVFXVVHG�IURP�
9� L@=GJ=LA;9D� 9F<�E=L@G<GDG?A;9D� HGAFL� G>� NA=O��/@=� ;@9HL=J� ;GF;DM<=K�OAL@�
AEHDA;9LAGFK�>GJ�=<M;9LAGF9D�J=K=9J;@�9F<�HJ9;LA;=�9F<�KM??=KLAGFK�>GJ�>MLMJ=�
J=K=9J;@�




