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All models are wrong, but some are useful.��
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�
:HOFRPH� WR� WKLV� VSHFLDO� LVVXH� RI� 6WDWLVWLFV� (GXFDWLRQ� 5HVHDUFK� -RXUQDO� �6(5-�� RQ�

5HDVRQLQJ�DERXW�0RGHOV�DQG�0RGHOOLQJ�LQ�WKH�&RQWH[W�RI�,QIRUPDO�6WDWLVWLFDO�,QIHUHQFH��
7KH�SDSHUV� LQFOXGHG� LQ� WKLV� VSHFLDO� LVVXH�DUH�HODERUDWHG� IURP�SUHVHQWDWLRQV�DW� WKH�1LQWK�
,QWHUQDWLRQDO�5HVHDUFK�)RUXP�RQ�6WDWLVWLFDO�5HDVRQLQJ��7KLQNLQJ�DQG�/LWHUDF\��657/��KHOG�
LQ�3DGHUERUQ��*HUPDQ\��DW�IURP����-XO\�±���$XJXVW������DQG�RUJDQL]HG�E\�WKH�JXHVW�HGLWRUV�
RI�WKLV�VSHFLDO�LVVXH�LQ�FROODERUDWLRQ�ZLWK�'DQL�%HQ�=YL�DQG�.DWLH�0DNDU�DV�WKH�FKDLUV�RI�
WKH�LQWHUQDWLRQDO�657/�±���FRPPLWWHH��7KH�657/���)RUXP�H[SDQGHG�WKH�ZRUN�GLVFXVVHG�
DW� SUHYLRXV� 657/� IRUXPV� �ZZZ�VUWO�LQIR��� ZKLFK� KDYH� IRFXVHG� RQ� UHDVRQLQJ� DERXW�
IXQGDPHQWDO� VWDWLVWLFDO� LGHDV� VXFK� DV� GDWD�� YDULDELOLW\�� GLVWULEXWLRQ�� LQIRUPDO� LQIHUHQWLDO�
UHDVRQLQJ��HWF��%XLOGLQJ�RQ�WKH�657/���IRUXP��1HZ�$SSURDFKHV�WR�'HYHORSLQJ�5HDVRQLQJ�
DERXW� 6DPSOHV� DQG� 6DPSOLQJ� LQ� ,QIRUPDO� 6WDWLVWLFDO� ,QIHUHQFH�� DQG� WKH� 657/��� IRUXP�
�5HDVRQLQJ�DERXW�8QFHUWDLQW\�LQ�WKH�&RQWH[W�RI�0DNLQJ�,QIRUPDO�6WDWLVWLFDO�,QIHUHQFHV���
WKH�657/���IRUXP�ZLWK�LWV�WKHPH�RI�UHDVRQLQJ�DERXW�PRGHOV�DQG�PRGHOOLQJ�KDG�WKH�DLP�RI�
GLVFXVVLQJ� SHGDJRJLFDO� DSSURDFKHV� WR� EXLOGLQJ� EULGJHV� EHWZHHQ� WKH� GDWD� DQG� WKH�
SUREDELOLVWLF� SHUVSHFWLYH� LQ� WKH� FRQWH[W� RI� LQIRUPDO� VWDWLVWLFDO� LQIHUHQFHV� �,6,��� 5HFHQW�
GLJLWDO�WRROV�OLNH�7LQNHU3ORWV������.RQROG�	�0LOOHU��������SURYLGH�SRZHUIXO�IHDWXUHV�VXFK�
DV�WKH�VDPSOHU�WR�KHOS�OHDUQHUV�EXLOG�WKHLU�RZQ�PRGHOV�WR�SURGXFH�DQG�JHQHUDWH�GDWD�DQG�
WKHUHIRUH� KHOS� WR� EXLOG� D� EULGJH� EHWZHHQ� WKH� GDWD� DQG� WKH� SUREDELOLVWLF� SHUVSHFWLYH� RQ�
PRGHOOLQJ�� ,GHDV�� UHVHDUFK�� PHDQLQJIXO� WDVNV� DQG� OHDUQLQJ� HQYLURQPHQWV� DUH� QHHGHG� WR�
HIIHFWLYHO\� HQKDQFH� UHDVRQLQJ� DERXW� PRGHOV� DQG� PRGHOOLQJ�� 0RGHOOLQJ� LV� QRW� RQO\�
IXQGDPHQWDO� LQ� VWDWLVWLFV� HGXFDWLRQ� EXW� DOVR� LQ� PDWKHPDWLFV� HGXFDWLRQ� LQ� JHQHUDO��
)XUWKHUPRUH�PRGHOOLQJ�LV�UHOHYDQW�DFURVV�DOO�DJH�DQG�HGXFDWLRQ�OHYHOV��IURP�HDUO\�UHDVRQLQJ�
LQ� SULPDU\� VFKRRO� WR� WHUWLDU\� HGXFDWLRQ� DQG� DGXOW� HGXFDWLRQ���+RZHYHU�� RQH� DOVR� KDV� WR�
PHQWLRQ�WKDW�³RQH�RI�WKH�PRVW�RYHUZRUNHG�ZRUGV�LQ�VWDWLVWLFV�HGXFDWLRQ�DQG�PDWKHPDWLFV�
HGXFDWLRQ� LV� µPRGHO¶��$SSHDULQJ� LQ� D� YDULHW\� RI� GLVVLPLODU� FRQWH[WV�� LWV� XVDJH� LV� DW� EHVW�
XQFOHDU��DQG�DW�ZRUVW��LQDSSURSULDWH´��*UDKDP��������S��������7KLV�VSHFLDO�LVVXH�LV�VXSSRVHG�
WR�SURYLGH�D�YDULHW\�RI�LQWHUSUHWDWLRQV�DQG�DSSOLFDWLRQV�RI�PRGHOOLQJ�LQ�VWDWLVWLFV�HGXFDWLRQ���
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,Q� WKH� 657/��� IRUXP� ZH� H[FOXGHG� FRJQLWLYH� LVVXHV� VXFK� DV� ³PHQWDO� PRGHOV´� DQG�
IRFXVHG�RQ�FRQWULEXWLRQV�DOLJQHG�ZLWK�RQH�RU�PRUH�RI�WKH�IROORZLQJ�WKHPHV�LQ�UHODWLRQ�WR�
VWDWLVWLFV�HGXFDWLRQ��ZKLFK�ZH�KDYH�WDNHQ�IURP�WKH�657/���SUHOLPLQDU\�DQQRXQFHPHQW��

x� :K\�EULQJ�PRGHOV�DQG�PRGHOOLQJ�LQWR�WKH�UHVHDUFK�DQG�SUDFWLFDO�DUHQDV�DW�DOO"�
�H�J��� ZKDW� DUH� SKLORVRSKLFDO�� KLVWRULFDO�� HSLVWHPRORJLFDO� DQG�RU� SUDFWLFDO�
UHDVRQV�IRU�LQWURGXFLQJ�PRGHOV�DQG�PRGHOOLQJ�LQ�VWDWLVWLFV�HGXFDWLRQ�UHVHDUFK"�
KRZ� LV� PDWKHPDWLFDO� PRGHOOLQJ� WKH� VDPH� DQG�RU� GLIIHUHQW� WKDQ� VWDWLVWLFDO�
PRGHOOLQJ"��

x� $FFRUGLQJ� WR� *�� %R[� VRPH� PRGHOV� DUH� XVHIXO�� :KDW� DUH� WKH� XWLOLWLHV� DQG�
SXUSRVHV�RI�PRGHOV�DQG�PRGHOOLQJ"�:KDW�LV�D�PRGHO�PRGHOOLQJ�IRU"�

x� +RZ�GRHV� UHDVRQLQJ� DERXW�PRGHOV� DQG�PRGHOOLQJ�GHYHORS� LQ� WKH�FRQWH[W�RI�
OHDUQLQJ�WR�PDNH�,6,V�IURP�GDWD"�

x� :KDW� DUH� UXGLPHQWDU\� LGHDV� RI� PRGHOV� DQG� PRGHOOLQJ� DQG� KRZ� DUH� WKH\�
H[SUHVVHG�DPRQJ�\RXQJ�VWXGHQWV"��H�J���ZKDW�LV�D�PRGHO"�ZKDW�GRHV�LW�PHDQ�WR�
PRGHO"��

x� +RZ� DUH� LGHDV� UHODWHG� WR� PRGHOV� DQG� PRGHOOLQJ� XQGHUVWRRG� DQG� XVHG� E\�
VWXGHQWV� LQ�PDNLQJ�,6,V"��H�J���ZKDW� LGHDV�DUH�QHHGHG�WR�XQGHUVWDQG�DQG�XVH�
PRGHOV"�ZKDW�GRHV�LW�PHDQ�³WR�XQGHUVWDQG�D�PRGHO"´��

x� :KDW�DUH� LQQRYDWLYH�WDVNV�� WRROV��RU�VHTXHQFHV�RI�LQVWUXFWLRQDO�DFWLYLWLHV�WKDW�
PD\�EH�XVHG�WR�KHOS�WKHVH�LGHDV�HPHUJH"�

x� +RZ�FDQ� WHFKQRORJ\�KHOS� WR� GHYHORS� VWXGHQWV¶� UHDVRQLQJ� DERXW�PRGHOV� DQG�
PRGHOOLQJ�LQ�WKH�FRQWH[W�RI�PDNLQJ�,6,"�

x� :KDW�DUH�ZD\V�WR�DVVHVV�UHDVRQLQJ�DERXW�PRGHOV�DQG�PRGHOOLQJ"�
x� :KDW�QHZ�DSSURDFKHV�FDQ�EH�XVHG�WR�KHOS�WHDFKHUV�GHYHORS�VWXGHQWV¶�UHDVRQLQJ�

DERXW�PRGHOV�DQG�PRGHOOLQJ"�
x� :KDW�QHZ�LGHDV�DQG�FRQVLGHUDWLRQV�UHJDUGLQJ�PRGHOV�DQG�PRGHOOLQJ�KDYH�RU�

ZLOO�HPHUJH�DV�D�UHVXOW�RI�SUHYDLOLQJ�WUHQGV�LQ�WKH�GLVFLSOLQH�RI�VWDWLVWLFV��H�J���
FRPSXWDWLRQ��H[FHHGLQJO\�ODUJH�GDWD�VHWV��%D\HVLDQ�DQDO\VLV��HWF��"�

,Q� WKLV� VSHFLDO� LVVXH�� ZH� ILQG� D� EURDG� YDULHW\� RI� UHVHDUFK� VWXGLHV� DERXW� OHDUQHUV¶�
UHDVRQLQJ�DERXW�PRGHOOLQJ�DFURVV�DOO�DJHV��:H�VWUXFWXUH�WKH�LVVXH�DFFRUGLQJ�WR�WKH�OHYHOV�RI�
VWXGHQWV�WKH�SDSHUV�UHIHU�WR��SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�OHYHO���

7KLV�VSHFLDO�LVVXH�VWDUWV�ZLWK�ILYH�SDSHUV��$LQOH\�	�3UDWW��$ULGRU�	�%HQ�=YL��/HKUHU��
'RHUU�� GHO0DV� 	� 0DNDU�� 0DQRU�%UDKDP� 	� %HQ�=YL�� RQ� SULPDU\� VFKRRO� VWXGHQWV��
UHDVRQLQJ�DERXW�PRGHOOLQJ��

$LQOH\�DQG�3UDWW�LQYHVWLJDWHG�FKLOGUHQ�V�H[SUHVVLRQV�RI�VLJQDO�DQG�QRLVH�ZKHQ�FUHDWLQJ�
FRPSXWDWLRQDO�PRGHOV�ZLWK�WKH�G\QDPLF�VRIWZDUH�WRRO�7LQNHU3ORWV��)RU�WKHLU�LQYHVWLJDWLRQ��
WKH\�FRQGXFWHG�FOLQLFDO�LQWHUYLHZV�ZLWK����\HDU�ROG�VWXGHQWV�ZRUNLQJ�RQ�WKH�$QJU\�(PXV�
WDVN�DQG�WKH�����'DOPDWLDQV�WDVN��7KH�$QJU\�(PXV�WDVN�LV�DERXW�SURGXFLQJ�DQG�H[SORULQJ�
UHSHDWHG�PHDVXUHV��VLWXDWHG�LQ�D�ILFWLYH�FRQWH[W�RI�GHYHORSLQJ�D�FRPSXWHU�JDPH�DQG�VWULNHV�
WKH�TXHVWLRQ�ZKHWKHU�FKLOGUHQ�XVH�H[SODQDWLRQV�RI�FDXVDO�IDFWRUV�RU�RI�UDQGRP�HIIHFWV��7KH�
���� 'DOPDWLDQV� WDVN� LV� DERXW� DQDO\VLQJ� D� VPDOO� 'DOPDWLDQV� GDWDVHW� IRU� FUHDWLQJ� QHZ��
UHDOLVWLF�ORRNLQJ� 'DOPDWLDQV� EDVHG� RQ� WKH� JLYHQ� GDWD� ZLWK� D� GDWD� IDFWRU\� ZLWK� WKH�
7LQNHU3ORWV�VDPSOHU��,Q�WKHLU�SDSHU�$LQOH\�DQG�3UDWW�H[SODLQ�WKH�GHVLJQ�RI�WKHLU�WDVNV�DQG�
SRLQW� RXW� KRZ� VWXGHQWV� HQJDJH� ZLWK� D� WRRO� OLNH� 7LQNHU3ORWV� ZLWKLQ� WKH� FRQWH[W� RI� ULFK�
PRGHOOLQJ� WDVNV� WR� FRQVLGHU� RSSRUWXQLWLHV� DQG� FRQVWUDLQWV� RI�ZKDW� WKH\� FDOO� ³SXUSRVHIXO�
FRPSXWDWLRQDO�PRGHOOLQJ�´�

$ULGRU� DQG� %HQ�=YL� DGG� WR� WKH� ZRUN� RI� $LQOH\� DQG� 3UDWW� DQG� LQYHVWLJDWH� WKH� FR�
HPHUJHQFH�RI�DJJUHJDWH�DQG�PRGHOOLQJ�UHDVRQLQJ�RI�SULPDU\�VFKRRO�VWXGHQWV�YLD�WKH�����
'DOPDWLDQV� WDVN�� 7KH\� UHSRUW� RQ� D� FDVH� VWXG\� ZLWK� WZR� ILIWK� JUDGH� VWXGHQWV� DQDO\]LQJ�
VWDWLVWLFDO�GDWD��GRLQJ�LQIRUPDO�LQIHUHQFH�DQG�PRGHOOLQJ�DFWLYLWLHV�ZLWK�7LQNHU3ORWV��,Q�WKHLU�
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DQDO\VLV�RI�WKH�FDVH�VWXG\��$ULGRU�DQG�%HQ�=YL�GLVWLQJXLVK�WZR�SURFHVVHV��UHDVRQLQJ�ZLWK�
VWDWLVWLFDO� PRGHOOLQJ� RI� D� UHDO� SKHQRPHQRQ� YV�� DJJUHJDWH� UHDVRQLQJ�� ,Q� DGGLWLRQ�� WKH\�
LGHQWLI\� QLQH� SKDVHV� RI� VWXGHQWV�� DUWLFXODWLRQV� RI� DJJUHJDWH� DQG� PRGHOOLQJ� UHDVRQLQJ�
WRZDUGV�GDWD��YDULDELOLW\�DQG�PRGHOV��

7KH�PHWDSKRU�RI�VLJQDO�DQG�QRLVH� LV�IXQGDPHQWDO� WR�/HKUHU¶V�SDSHU�DERXW�PRGHOOLQJ�
YDULDELOLW\��/HKUHU�GLVFXVVHV�WKH�LQYHQWLRQ�DQG�XVH�RI�PRGHOV�E\�VL[WK�JUDGHUV�WR�JUDVS�WKH�
FRQFHSW�RI�YDULDELOLW\��0RVW�VWXGHQWV�LQ�KLV�VWXG\�PRGHOOHG�YDULDELOLW\�ZLWK�DQ�DSSURDFK�RI�
VLJQDO�DQG�QRLVH�FRQVWLWXWHG�WKURXJK�WKHLU�XQGHUVWDQGLQJ�RI�YDULDELOLW\��0RGHOOLQJ�LV�VHHQ�
KHUH�DV�WKH�JHQHUDWLRQ�RI�VDPSOLQJ�GLVWULEXWLRQV�WR�VXSSRUW�WKH�LQIHUHQFHV�RI�\RXQJ�VWXGHQWV��
6LPSOH�UDQGRP�GHYLFHV�ZHUH�XVHG�E\�VWXGHQWV�WR�LQYHQW�DQG�UHYLVH�PRGHOV�RI�PHDVXUHPHQW�
DQG� SURGXFWLRQ� SURFHVVHV�� :RUNLQJ� ZLWK� WKHVH� PRGHOV� HQDEOHG� VWXGHQWV� WR� XQGHUVWDQG�
VDPSOLQJ�YDULDELOLW\���

'RHUU��GHO0DV��DQG�0DNDU�GHYHORSHG�D�VHTXHQFH�IRU�WHDFKLQJ�PRGHOOLQJ�IRU�SULPDU\�
VFKRRO� LQ� $XVWUDOLD� LQ� WKHLU� SDSHU� RQ� WKH� EDVLV� RI� LQIRUPDO� LQIHUHQWLDO� UHDVRQLQJ�� 7KH\�
GHYHORSHG�D�VHTXHQFH�RI�DFWLYLWLHV�EDVHG�RQ�PRGHO�HOLFLWLQJ�DFWLYLWLHV��0($V��HQULFKHG�E\�
PRGHO�H[SORUDWLRQ�DFWLYLWLHV��0;$V��DQG�PRGHO�DSSOLFDWLRQ�DFWLYLWLHV��0$$V���7KH�ILQDO�
DLP� ZDV� WR� DQDO\]H� KRZ� JUDGH� �� VWXGHQWV� JHQHUDOL]HG� PRGHOV� IRU� GUDZLQJ� LQIRUPDO�
LQIHUHQFHV�ZKHQ�FRPSDULQJ�WZR�GLVWULEXWLRQV��7KH�DXWKRUV�UHSRUW�RQ�ILYH�PLOHVWRQHV�WKDW�
RFFXUUHG�GXULQJ�WKH�WKUHH�GD\�WHDFKLQJ�VHTXHQFH��7KLV�SDSHU�LV�DQ�LPSRUWDQW�FRQWULEXWLRQ�
RQ�LQWURGXFLQJ�VWDWLVWLFDO�PRGHOV�DQG�D�PRGHOOLQJ�SHUVSHFWLYH�WR�\RXQJ�VWXGHQWV�LQ�IRUP�RI�
D�WHDFKLQJ�VHTXHQFH�DERXW�PRGHOOLQJ��

7KH�SDSHU�RI�%UDKDP�0DQRU�DQG�%HQ�=YL�LQYHVWLJDWHV�VWXGHQWV��HPHUJHQW�DUWLFXODWLRQV�
RI� VWDWLVWLFDO� PRGHO� DQG� PRGHOOLQJ� LQ� PDNLQJ� LQIRUPDO� VWDWLVWLFDO� LQIHUHQFHV�� 7KHLU 
Integrated Modeling Approach� �,0$�� ZDV� XVHG� WR� KHOS� VWXGHQWV� XQGHUVWDQG� WKH�
UHODWLRQVKLS�EHWZHHQ�VDPSOH�DQG�SRSXODWLRQ�DQG�WR�VXSSRUW�VWXGHQWV�UHDVRQLQJ�ZLWK�PRGHOV�
DQG� PRGHOOLQJ�� ,Q� WKHLU� TXDOLWDWLYH� VWXG\�� %UDKDP�0DQRU� DQG� %HQ�=YL� IRFXV� RQ� WKH�
UHDVRQLQJ�RI�D�SDLU�RI�SULPDU\�VFKRRO�VWXGHQWV�DQG�LQYHVWLJDWH�KRZ�SULPDU\�VFKRRO�VWXGHQWV�
DUWLFXODWH�LGHDV�RI�VWDWLVWLFDO�PRGHOV�DQG�PRGHOOLQJ�XVLQJ�7LQNHU3ORWV��2Q�WKLV�EDVLV�� WKH�
DXWKRUV�VXJJHVW�DQ�HPHUJHQW�FRQFHSWXDO�IUDPHZRUN�IRU�UHDVRQLQJ�ZLWK�VWDWLVWLFDO�PRGHOV�
DQG�PRGHOOLQJ��

7KH�QH[W�WKUHH�SDSHUV�IURP�%�VFKHU�DQG�6FKQHOO��*LO�DQG�*LEEV��DQG�.RQROG��)LQ]HU�
DQG�.UHHWRQJ�GHDO�ZLWK�PLGGOH�DQG�KLJK�VFKRRO�VWXGHQWV¶�UHDVRQLQJ�DERXW�PRGHOOLQJ��

7KH�IRFXV�RI�%�VFKHU�DQG�6FKQHOO�V�ZRUN�LV�RQ�KRZ�*HUPDQ�PLGGOH�VFKRRO�VWXGHQWV�
LQWHUSUHW��LQIRUPDO��VWDWLVWLFDO�PHDVXUHV�WR�VXPPDUL]H�DQG�FRPSDUH�IUHTXHQF\�GLVWULEXWLRQV��
%�VFKHU� DQG� 6FKQHOO� XVH� WKH� HPHUJHQW� PRGHOOLQJ� SHUVSHFWLYH�� ZKHUH� PHDVXUHV� DUH�
XQGHUVWRRG� DV� PRGHOV�� 2Q� WKH� RQH� KDQG� WKLV� PRGHOOLQJ� SHUVSHFWLYH� FDQ� EH� VHHQ� DV� D�
WKHRUHWLFDO�IUDPHZRUN�IRU�GHVFULELQJ�WKH�FRQFHSWXDO�GHYHORSPHQW�RI�WKHLU�VWXGHQWV�LQ�WKH�
IUDPH�RI�D�TXDOLWDWLYH�DQDO\VLV�LQ�WKHLU�GHVLJQ�H[SHULPHQW�DQG�RQ�WKH�RWKHU�KDQG�DV�D�GHVLJQ�
KHXULVWLF� IRU� WKHLU� WHDFKLQJ�OHDUQLQJ�DUUDQJHPHQWV��7KH�DXWKRUV�HPSKDVL]H� WKH� LPSRUWDQW�
UROH�RI�WKH�HPHUJHQW�PRGHOOLQJ�SHUVSHFWLYH�IRU�GHVLJQ�LVVXHV�DV�ZHOO�DV�IRU�WKH�LQWHUSUHWDWLRQ�
RI�VWXGHQWV�UHDVRQLQJ�ZKHQ�GHVFULELQJ�DQG�FRPSDULQJ�GLVWULEXWLRQV��

*LO�DQG�*LEEV�H[SORUH�KRZ�VHFRQGDU\�VWXGHQWV�GHYHORS�DQ�XQGHUVWDQGLQJ�RI�PRGHOOLQJ�
FRYDULDWLRQ�LQ�WKH�FRQWH[W�RI�ELJ�GDWD��,Q�WKHLU�DUWLFOH�WKH\�SUHVHQW�D�WKUHH�ZHHN�XQLW�WKDW�
VXSSRUWV���WK�JUDGH�PDWKHPDWLFV�VWXGHQWV�LQ�DQDO\]LQJ�ELJ�DQG�PLG�VL]H�GDWD�DQG�GHVFULELQJ�
UHODWLRQVKLSV�EHWZHHQ�WZR�QXPHULFDO�YDULDEOHV�XVLQJ�FRQFHSWV�OLNH�WUHQG�DQG�VFDWWHU��7KHLU�
OHDUQLQJ� WUDMHFWRU\� LQFOXGHV� FRPSXWHU�VXSSRUWHG� FROODERUDWLYH� DQG� LQTXLU\�EDVHG�
DSSURDFKHV��WKH�XVH�RI�YLVXDOL]DWLRQ�WRROV�DQG�VWDWLVWLFDO�VRIWZDUH�DQG�SUHVHQWDWLRQV�ZKHUH�
VWXGHQWV� FDQ� SUHVHQW� WKHLU� ILQGLQJV�� ,Q� WKHLU� VWXG\� *LO� DQG� *LEEV� IRXQG� WKDW� VWXGHQWV��
UHDVRQLQJ� DQG� PRGHOOLQJ� RI� FRYDULDWLRQ� LPSURYHG� DQG� WKH\� KLJKOLJKW� IHDWXUHV� RI� WKH�
OHDUQLQJ�WUDMHFWRU\�ZKLFK�PD\�KDYH�FRQWULEXWHG�WR�WKLV��
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.RQROG�� )LQ]HU� DQG� .UHHWRQJ� KDYH� IRFXVHG� RQ� PRGHOOLQJ� DV� D� FRUH� FRPSRQHQW� RI�
VWUXFWXULQJ�GDWD��7KH\�SURYLGHG�WKHLU�SDUWLFLSDQWV��PLGGOH�VFKRRO�DQG�KLJK�VFKRRO�VWXGHQWV���
LQ�WKH�IUDPH�RI�D�TXDOLWDWLYH�VWXG\��ZLWK�FRPSOH[�GLDJUDPV�LQ�IRUP�RI�VQDSVKRWV�VKRZLQJ�
WUDIILF�RQ� WZR� URDG� VHJPHQWV� WDNLQJ� LQWR�DFFRXQW� VHYHUDO� DWWULEXWHV� OLNH� W\SH�RI�YHKLFOH��
VSHHG� RI� YHKLFOH�� GLUHFWLRQ� DQG� ZLGWK� RI� WKH� URDG�� 7KH� DXWKRUV� LQYHVWLJDWH� KRZ� WKHLU�
SDUWLFLSDQWV�UHFRUG�DQG�RUJDQL]H�GDWD�LQ�VXFK�D�FRPSOH[�VLWXDWLRQ�DQG�ZKHWKHU�WKH\�XVH�D�
KLHUDUFK\�RI�FDVHV�VWUXFWXUH�RU�D�³IODW´�FDVH�E\�DWWULEXWH�VWUXFWXUH��7KH�SDSHU�RI�.RQROG��
)LQ]HU�DQG�.UHHWRQJ�PDNHV�DQ�LQWHUHVWLQJ�FRQWULEXWLRQ�WR�RXU�XQGHUVWDQGLQJ�RI�KRZ�PLGGOH�
VFKRRO�DQG�KLJK�VFKRRO�VWXGHQWV�VWUXFWXUH�GDWD�DQG�FRQFHLYH�RI�FDVHV��

7KH�SDSHUV�RI�1ROO�DQG�.LULQ��%LHKOHU��)ULVFKHPHLHU�DQG�3RGZRUQ\��.D]DN�DQG�3UDWW�
DQG�*RXOG��%DUJDJOLRWWL�DQG�-RKQVRQ�DUH�IRFXVHG�RQ�SUHVHUYLFH�WHDFKHUV�DQG�WHDFKHUV��
UHDVRQLQJ�DERXW�PRGHOOLQJ��

7KH�ZRUN�RI�1ROO�DQG�.LULQ�LV�DNLQ��LQ�VRPH�ZD\V��WR�WKH�ZRUN�RI�'RHUU��'HO0DV�DQG�
0DNDU��ZKR�ORRNHG�DW�SULPDU\�VFKRRO�VWXGHQWV¶�FRPSDULVRQV�RI�WZR�GLVWULEXWLRQV��1ROO�DQG�
.LULQ�DQDO\]H�VWXGHQWV¶� UHDVRQLQJ�IURP�LQWURGXFWRU\�XQLYHUVLW\�FRXUVHV��7KH�DXWKRUV�XVH�
DQG�GLVFXVV�WKH�IUDPHZRUN�RI�%LHKOHU��)ULVFKHPHLHU�DQG�3RGZRUQ\��������WR�WDNH�D�GHHSHU�
ORRN�DW�VWXGHQWV¶�WKLQNLQJ�DERXW�PRGHOOLQJ�LQ�WKH�FRQWH[W�RI�FRPSDULQJ�WZR�JURXSV��7KH\�
DQDO\]H� VWXGHQWV¶� PRGHOOLQJ� RI� D� QXOO� K\SRWKHVLV� YLD� D� QXOO� PRGHO� H[SUHVVHG� LQ� WKH�
7LQNHU3ORWV�VDPSOHU�DQG�KRZ�7LQNHU3ORWV�VXSSRUWV� WKLV�PRGHOOLQJ��,Q� WKH�FHQWHU�RI� WKHLU�
DQDO\VLV�DUH�IRXU�JURXSV�RI�VWXGHQWV�LQ�LQWURGXFWRU\�VWDWLVWLFV�FODVVHV�ZRUNLQJ�RQ�WKH�GROSKLQ�
WKHUDS\� WDVN�� 6HYHUDO� LVVXHV� DERXW� WKH� UHDVRQLQJ� RI� WKHVH� VWXGHQWV� DERXW� PRGHOOLQJ� D�
UDQGRPL]DWLRQ�WHVW�ZLWK�7LQNHU3ORWV�DUH�SUHVHQWHG�LQ�WKH�SDSHU��7KH\�KLJKOLJKW�WKH�UROH�RI�
7LQNHU3ORWV¶� VDPSOHU� WR� VHUYH� DV� D� YLVXDOL]DWLRQ� WRRO� IRU� D� QXOO� K\SRWKHVLV� LQ� D�
UDQGRPL]DWLRQ�WHVW�DQG�KRZ�WKH�VDPSOHU�VXSSRUWV�WKH�UHDVRQLQJ�SURFHVV�RI�VWXGHQWV��

/LNH�1ROO�DQG�.LULQ��%LHKOHU��)ULVFKHPHLHU�DQG�3RGZRUQ\�XVHG�WKH�7LQNHU3ORWV�VDPSOHU�
WR�EXLOG�EULGJHV�EHWZHHQ�WKH�GDWD�ZRUOG�DQG�WKH�FKDQFH�ZRUOG�WR�VXSSRUW�OHDUQHUV�UHDVRQLQJ�
LQ� H[SUHVVLYH� PRGHOOLQJ�� 7KH\� FRQGXFWHG� D� UHVHDUFK� VWXG\� ZLWK� HOHPHQWDU\� SUHVHUYLFH�
WHDFKHUV�DQG�DVNHG�WKHP�WR�VHW�XS�DQG�HYDOXDWH�WKHLU�RZQ�PRGHOV�ZLWK�7LQNHU3ORWV�E\�XVLQJ�
D�UHDO�DQG�RSHQ�GDWDVHW��7KH�UHDVRQLQJ�SURFHVVHV�RI�WKH�HOHPHQWDU\�SUHVHUYLFH�WHDFKHUV�ZHUH�
DQDO\]HG�ZLWK�TXDOLWDWLYH�FRQWHQW�DQDO\VLV�PHWKRGV�DQG�W\SLFDO�VWUXFWXUHV�RI�WKH�PRGHOOLQJ�
F\FOH�ZHUH� LGHQWLILHG�ZKHQ� WKH�SDUWLFLSDQWV�ZRUNHG�RQ� WKH� WDVN�� ,Q�DGGLWLRQ�� WKH�DXWKRUV�
LQYHVWLJDWHG� DQG� LQWHUSUHWHG� WKH� SURFHVVHV� RI� VHWWLQJ� XS� DQG� HYDOXDWLQJ� PRGHOV� LQ�
7LQNHU3ORWV��

.D]DN�DQG�3UDWW�UHSRUW�RQ�D�VWXG\�RI�SUHVHUYLFH�WHDFKHUV¶�UHDVRQLQJ�DERXW�SUREDELOLW\�
PRGHOV�IRU�WKH�VXP�RI�WZR�GLFH��7KH�UHDVRQLQJ�RI�WKH�SDUWLFLSDQWV�ZDV�LQIOXHQFHG�E\�WKH�
QDWXUH�RI�WKH�GDWD��WKH�PRGHOOLQJ�DVVXPSWLRQV�DQG�WKH�VLPXODWLRQ�FDSDFLW\�RI�7LQNHU3ORWV��
7KH� DXWKRUV� LGHQWLILHG� NH\� PRPHQWV� RI� LQVLJKW� DERXW� VWXGHQWV¶� LQIRUPDO� LQIHUHQWLDO�
UHDVRQLQJ� DQG� DQDO\]HG� WKHP�ZLWK� FRQWHQW� DQDO\VLV�� ,Q� DFFRUG�ZLWK� RWKHU� VWXGLHV�� WKHVH�
SUHVHUYLFH�WHDFKHUV�KDG�GLIILFXOWLHV�FRUUHFWO\�LGHQWLI\LQJ�WKH�VDPSOH�VSDFH�IRU�WKH�VXP�RI�
WZR�GLFH��HQGLQJ�XS�ZLWK�RQO\����SRVVLELOLWLHV��2QH�PDLQ�LQVLJKW�RI�WKLV�VWXG\�LV�WKDW�SOD\LQJ�
WKH�JDPH�SK\VLFDOO\�KHOSHG�WKH�SDUWLFLSDQWV�UHYLVH�WKHLU�LQLWLDO�PRGHOV�DQG�IDFLOLWDWHG�PRGHO�
EDVHG� UHDVRQLQJ�� 7KH� UHSRUWHG� WDVN�PDNHV� D� FRQWULEXWLRQ� WR� WKH� HQWHUSULVH� RI� IRVWHULQJ�
VWXGHQWV¶�UHDVRQLQJ�EHWZHHQ�DQ�HPSLULFDO�VLWXDWLRQ�DQG�LWV�PDWKHPDWLFDO�PRGHO��

7KH�SDSHU�RI�*RXOG��%DUJDJOLRWWL�DQG�-RKQVRQ�ILQLVKHV�WKLV�VSHFLDO�LVVXH�ZLWK�D�IRFXV�
RQ�WHDFKHUV¶�UHDVRQLQJ�ZLWK�ELJ�GDWD��*RXOG�HW�DO��DUJXH�IRU�WKH�XVH�RI�SDUWLFLSDWRU\�VHQVLQJ�
GDWD�DV�D�NLQG�RI�ELJ�GDWD��DQG�FRPSXWDWLRQDO�WKLQNLQJ�LQ�DGGLWLRQ�WR�VWDWLVWLFDO� WKLQNLQJ��
7KH� DXWKRUV� H[DPLQH� WHDFKHUV¶� UHDVRQLQJ� DV� SDUW� RI� WKH�Mobilize Introduction to Data 
Science (IDS)� FXUULFXOXP�� /LNH� 'RHUU�� GHO0DV� DQG�0DNDU� WKH\� XVHG� D� PRGHO� HOLFLWLQJ�
DFWLYLW\�IRU�LQYHVWLJDWLRQV�DERXW�GDWD��$�TXDOLWDWLYH�DQDO\VLV�ZDV�FRQGXFWHG�RQ�WKH�ZRUNLQJ�
SURFHVV� RI� WZR� SDLUV� RI� WHDFKHUV�ZRUNLQJ� RQ� WKH�0($� DERXW� KXPDQV� DFWLQJ� DV� ³WUDVK´�
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VHQVRUV��,Q�WKLV�FDVH�PRELOH�SKRQHV�ZHUH�XVHG�IRU�FROOHFWLQJ�GDWD�RQ�WUDVK��/DWHU�WKLV�GDWD�
ZDV�DQDO\]HG�E\�WKH�SDLUV�RI�WHDFKHUV��,Q�FRQWUDVW�WR�DOO�RWKHU�SDSHUV�RI�WKLV�VSHFLDO�LVVXH��
µ5¶�LV�XVHG�DV�VRIWZDUH�LQ�WKLV�VWXG\��7KH�DXWKRUV�SUHVHQW�D�data cycle DV�D�IUDPHZRUN�IRU�
DQDO\]LQJ�WKHLU�SDUWLFLSDQWV¶�ZRUN��)RU�WKH�WUDQVLWLRQV�EHWZHHQ�VWDJHV�RI�WKLV�GDWD�F\FOH�WKH�
PRGHO� RI� GLVFUHWH� 0DUNRY� FKDLQV� LV� XVHG� DV� D� PHDQV� IRU� GHVFULELQJ� WKH� SDUWLFLSDQWV¶�
SURJUHVV�WKURXJK�WKH�GDWD�F\FOH��7KH�YDULHW\�RI�SDWKZD\V�WKURXJK�WKH�GDWD�F\FOH�ZDV�RQH�
VXUSULVLQJ�UHVXOW�RI�WKLV�VWXG\��/HVV�VXUSULVLQJ��EXW�LQ�DFFRUG�ZLWK�RWKHU�VWXGLHV��H��J��$UQROG�
	�)UDQNOLQ��������ZDV�WKH�UHVXOW�WKDW�IRUPXODWLQJ�VWDWLVWLFDO�TXHVWLRQV�LV�D�NH\�FRPSRQHQW�
RI�WKH�LQYHVWLJDWLRQ�SURFHVV��
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:LWKLQ� WKH�SURFHVV�RI�HGLWLQJ� WKLV�VSHFLDO� LVVXH�PDQ\�SHRSOH�KDYH�VXSSRUWHG�XV� LQ�D�

JUHDW� ZD\�� $W� ILUVW� ZH� DUH� GHHSO\� JUDWHIXO� WR� 5DQGDOO� *URWK� ZKR� KDV� VXSSRUWHG� XV�
WUHPHQGRXVO\�DV�WKH�DVVLJQHG�6(5-�DVVRFLDWH�HGLWRU�LQ�VHWWLQJ�XS�WKH�DVVRFLDWH�HGLWRU�UHSRUWV�
DQG�LPSURYLQJ�WKH�TXDOLW\�RI�WKH�SDSHUV�ZLWK�KLV�YHU\�KHOSIXO��FRQVWUXFWLYH�DQG�LQWHQVLYH�
IHHGEDFN��,Q�DGGLWLRQ�ZH�WKDQN�0D[LQH�3IDQQNXFK�DV�WKH�6(5-�FKLHI�HGLWRU��DQG�'DQL�%HQ�
=YL�DQG�.DWLH�0DNDU�DV�FXUUHQW�OHDGHUV�RI�WKH�657/�FRPPXQLW\�IRU�JLYLQJ�XV�WKH�KRQRU�
DQG�WKH�RSSRUWXQLW\�WR�EH�JXHVW�HGLWRUV�RI�WKLV�VSHFLDO�LVVXH��:H�WKDQN�DOO�UHYLHZHUV�IRU�WKHLU�
VXSSRUW�LQ�ZULWLQJ�FRQVWUXFWLYH�DQG�KHOSIXO�UHYLHZV�WR�LPSURYH�WKH�TXDOLW\�DQG�ZULWLQJ�RI�
WKH�SDSHUV�LQ�WKLV�VSHFLDO�LVVXH��/DVW�EXW�QRW�OHDVW�ZH�DUH�YHU\�JUDWHIXO�WR�DOO�DXWKRUV�ZKR�
VXEPLWWHG�D�SDSHU�WR�WKLV�VSHFLDO�LVVXH�RQ�PRGHOOLQJ��:H�ZLVK�RXU�UHDGHUV�D�SOHDVDQW�MRXUQH\�
LQWR�VWXGHQWV¶�UHDVRQLQJ�ZLWK�PRGHOV�DQG�PRGHOOLQJ��
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$UQROG��3���	�)UDQNOLQ��&����������What makes a good statistical question?�0DQXVFULSW�LQ�

SUHSDUDWLRQ��
%LHKOHU��5���)ULVFKHPHLHU��'���	�3RGZRUQ\��6����������3UHVHUYLFH�WHDFKHUV��UHDVRQLQJ�DERXW�

XQFHUWDLQW\� LQ� WKH�FRQWH[W�RI� UDQGRPL]DWLRQ� WHVWV�� ,Q�$��6��=LHIIOHU�	�(��)U\� �(GV����
Reasoning about Uncertainty: Learning and Teaching Informal Inferential Reasoning�
�SS������������&DWDO\VW�3UHVV��

%R[��*��(����������5REXVWQHVV�LQ�WKH�VWUDWHJ\�RI�VFLHQWLILF�PRGHO�EXLOGLQJ��Robustness in 
statistics, 1�����������

*UDKDP��$����������Developing thinking in statistics��/RQGRQ��3DXO�&KDSPDQ�3XEOLVKLQJ��
.RQROG��&���	�0LOOHU��&����������TinkerPlots 2.0��(PHU\YLOOH��&$��.H\�&XUULFXOXP�3UHVV���


