
7KH�XVH�RI�*HR*HEUD�IRU�H[SORULQJ�VRPH�FRQVWUXFWLRQV�RI�(XFOLG��
$UFKLPHGHV�DQG�$SROORQLXV�

0DULD�&KLDUD�&LELHQï��$JQHVH�'HO�=R]]Rð�DQG�(QULFR�5RJRUDñ�
ï8QLYHUVLW\�RI�7UHQWR��3RS0DW�/DERUDWRU\��,WDO\��PDULDFKLDUD�FLELHQ#JPDLO�FRP����

ð8QLYHUVLW\�RI�7UHQWR��,WDO\�
ñ6DSLHQ]D�8QLYHUVLW\�RI�5RPH��,WDO\�

7KLV�SDSHU�GHVFULEHV�D�PDWKHPDWLFDO� ODERUDWRU\�SDWK�GHVLJQHG�DQG� WHVWHG�DV�SDUW�RI� D�XQLYHUVLW\�
FRXUVH�RI�+LVWRU\�RI�0DWKHPDWLFV��7KLV�ODERUDWRU\�SDWK�ZDV�GHYHORSHG�LQ�FROODERUDWLRQ�ZLWK�3RS0DW��
ODERUDWRU\�RI�WKH�8QLYHUVLW\�RI�7UHQWR��)RU�FDUU\LQJ�RXW�WKH�DFWLYLWLHV�WKDW�PDNH�XS�WKH�ODERUDWRU\��
ZH�XVHG�WKH�G\QDPLF�JHRPHWU\�VRIWZDUH�*HR*HEUD�� ZKLFK��WKDQNV�WR�LWV�FKDUDFWHULVWLFV��IDFLOLWDWHG�
WKH�SDUWLFLSDQWV�LQ�WKH�SURFHVV�RI�UHFRQVWUXFWLQJ�WKH�PDWKHPDWLFDO�WKRXJKW�RI�(XFOLG��$UFKLPHGHV�DQG�
$SROORQLXV�� 7KH� SXUHO\� JHRPHWULF� DSSURDFK� WR� WKH� SUREOHPV� FRQVLGHUHG�ZLWK�*HR*HEUD�PDNHV� LW�
SRVVLEOH�WR�GHVLJQ�WHDFKLQJ�OHDUQLQJ�RSSRUWXQLWLHV�LQ�ZKLFK�LW�LV�UHTXLUHG�D�GUDVWLF�FKDQJH�RI�SRLQW�RI�
YLHZ��FRPSDUHG�WR�WKH�XVXDO�RQH��WKDW�LV�DQDO\WLFDO���ZKLFK�ZH�FRQVLGHU�SDUWLFXODUO\�VWLPXODWLQJ�DQG�
XVHIXO�LQ�WKH�WUDLQLQJ�SURFHVV�RI�IXWXUH�WHDFKHUV��
.H\ZRUGV�� +LVWRU\� RI� PDWKHPDWLFV� WHDFKLQJ� DQG� OHDUQLQJ�� OHDUQLQJ� PDWKHPDWLFV� LQ� GLJLWDO�
HQYLURQPHQWV��PDWKHPDWLFV�WHDFKHU�HGXFDWLRQ��

,QWURGXFWLRQ�
7KH�PDWKHPDWLFV�ODERUDWRU\�ZH�GHVFULEH�LQ�WKLV�DUWLFOH�DLPV�WR�IDFLOLWDWH�WKH�UHFRQVWUXFWLRQ�SURFHVV�RI�
VRPH�DVSHFWV�RI� WKH� WKRXJKW�RI�(XFOLG��$UFKLPHGHV�DQG�$SROORQLXV� WKURXJK� WKH�XVH�RI�*HR*HEUD�
�%ULJDJOLD� HW� DO��� ������ DQG� WR� GHYHORS� D� JHRPHWULF� LQWXLWLRQ� RQ� FRQLFV� EDVHG� RQ� WKHLU� V\QWKHWLF�
SURSHUWLHV��FORVHU�WR�WKDW�RI�DQFLHQW�JHRPHWHUV��7KLV�SURFHVV�UHTXLUHV�D�FRQVFLRXV�XVH�RI�VRIWZDUH��,I�
LW� LV� QRW� DFFRPSDQLHG� E\� DQ� DSSURSULDWH� KLVWRULFDO� FRQWH[WXDOL]DWLRQ� DQG� D� FRPSDULVRQ� ZLWK� WKH�
RULJLQDO�WH[WV��LW�FDQ�LQVWHDG�FRQWULEXWH�WR�UDLVLQJ�IXUWKHU�EDUULHUV��([DPSOHV�ZLOO�EH�SURYLGHG�LQ�WKH�
IROORZLQJ���

7KH�WHDFKLQJ�OHDUQLQJ�PDWHULDO�WKDW�ZH�KDYH�SUHSDUHG�IRU�WKHVH�DFWLYLWLHV�KDV�EHHQ�XVHG�GXULQJ�WKH�
�����VSULQJ�VHPHVWHU�DW�6DSLHQ]D�8QLYHUVLW\�RI�5RPH��LQ�DQ�XQGHUJUDGXDWH�FRXUVH�LQ�WKH�+LVWRU\�RI�
0DWKHPDWLFV�� ,Q� WKH�FRQWH[W�RI�D�+LVWRU\�RI�0DWKHPDWLFV�FRXUVH�� WKH�SXUSRVH�RI� WKLV�PDWKHPDWLFV�
ODERUDWRU\�ZDV�WR�DVVLVW�VWXGHQWV�WR�UHWUDFH�VRPH�IXQGDPHQWDO�VWHSV�LQ�WKH�GHYHORSPHQW�RI�FRQLFV�LQ�
DQWLTXLW\� DQG� WR� IDPLOLDUL]H�ZLWK� WKH� V\QWKHWLF� JHRPHWULF� DSSURDFK� HPSOR\HG� E\�$UFKLPHGHV� DQG�
$SROORQLXV�WR�LQYHVWLJDWH�WKHLU�SURSHUWLHV��,Q�WKH�FRQWH[W�RI�SHUVSHFWLYH�WHDFKHU
V�WUDLQLQJ��WKH�SXUSRVH�
ZDV�DOVR�WKDW�RI�JHWWLQJ�VWXGHQWV��WKDW�PD\�ZLOO�EHFRPH�WHDFKHUV��XVHG�WR�HPSOR\�PDWHULDOV�WDNHQ�IURP�
WKH�KLVWRU\�RI�PDWKHPDWLFV�WR�GHVLJQ�ODERUDWRULHV�WKDW�VWLPXODWH�WKH�OHDUQLQJ�RI�PDWKHPDWLFV�ZLWKLQ�
PDQLIROG�FXOWXUDO�FRQWH[WV�DQG�WR�EHFRPH�DZDUH�RI�WKH�SRVVLELOLWLHV�WR�REVHUYH�WKH�FRJQLWLYH�SURFHVVHV�
RI�VWXGHQWV�E\�ZDWFKLQJ�WKH�ZD\�WKH\�XVH�D�G\QDPLF�JHRPHWU\�VRIWZDUH��

7KH� DFWLYLWLHV� DUH� GLVWULEXWHG� DORQJ� VHYHQ� PHHWLQJV�� SHUIRUPHG� XVLQJ� WKH� *HR*HEUD� &ODVVURRP��
HQYLURQPHQW��WKDW�LV�³D�YLUWXDO�SODWIRUP�WKURXJK�ZKLFK�WHDFKHUV�FDQ�DVVLJQ�LQWHUDFWLYH�DQG�HQJDJLQJ�
WDVNV�IRU�VWXGHQWV´��*HR*HEUD����7KLV�SODWIRUP�KDV�PDGH�LW�SRVVLEOH�WR�PDNH�DFWLYLWLHV�DFFHVVLEOH�DW�

��KWWSV���ZHEPDJD]LQH�XQLWQ�LW�ULFHUFD�������SRS�PDW�SRSXODUL]DWLRQ�RI�PDWKHPDWLFV�ODE��
��KWWSV���ZZZ�JHRJHEUD�RUJ���
��KWWSV���ZZZ�JHRJHEUD�RUJ�P�KQFUJUXX��
��KWWSV���ZZZ�JHRJHEUD�RUJ���
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WKH�PRVW�FRQYHQLHQW�WLPHV�DQG�SODFHV�IRU�VWXGHQWV��)RU�HDFK�DFWLYLW\��WKH�WHDFKHUV�OHW�WZR�ZHHNV�SDVV�
EHIRUH�GLVFXVVLQJ�ZLWK�WKH�FODVV�WKH�UHVXOWV�RI�VWXGHQW
V�ZRUN��UHFRUGHG�RQ�WKH�SODWIRUP��3DUWLFLSDQWV�
FRXOG� SHUIRUP� WKH� SURSRVHG� DFWLYLWLHV�� LQGLYLGXDOO\� RU� LQ� VPDOO� JURXSV�� DFFRUGLQJ� WR� SHUVRQDO�
SUHIHUHQFHV��7KHUH�ZHUH�DERXW�VL[W\�VWXGHQWV�HQUROOHG�LQ�WKH�FRXUVH�DQG�SDUWLFLSDWLRQ�LQ�ODERUDWRU\�
DFWLYLWLHV�ZDV�QRW�REOLJDWRU\��$W�OHDVW�WKLUW\�VWXGHQWV�DWWHQGHG�HDFK�PHHWLQJ��7KH�VHYHQ�PHHWLQJV�DUH�
DLPHG�DW�GHHSHQLQJ�VRPH�RI�WKH�WRSLFV�FRYHUHG�LQ�WKH�FRXUVH��0RUH�SUHFLVHO\��

� (XFOLG��DSSOLFDWLRQ�RI�DUHDV��FRQVWUXFWLRQ�RI�WKH�PHDQ�SURSRUWLRQDO�EHWZHHQ�WZR�VHJPHQWV��
� $UFKLPHGHV��WKH�HOHPHQWDU\�SURSHUWLHV�RI�WKH�SDUDEROD�H[SRVHG�LQ�WKH�ILUVW�SURSRVLWLRQV�RI�KLV�

ZRUN�³4XDGUDWXUH�RI�WKH�SDUDEROD´��
� $SROORQLXV��JHRPHWULF�DOJHEUD�XVHG�IRU�VWXG\LQJ�FRQH�VHFWLRQV��

$OO�WKH�DFWLYLWLHV�DUH�DYDLODEOH�RQOLQH���7KH�FXUUHQW�YHUVLRQ�KDV�EHHQ�PRGLILHG�DV�D�UHVXOW�RI�WKH�GDWD�
FROOHFWHG�DIWHU�WKH�ILUVW�H[SHULPHQWDWLRQ��&RPPHQWV�RQ�VWXGHQWV
�DQVZHUV�DQG�REVHUYDWLRQV��ZKLFK�ZH�
ZLOO�FRPPHQW�RQ�EHORZ��UHIHU�WR�WKH�RULJLQDO�YHUVLRQ��7KLV�SDSHU�SURYLGHV�DQ�H[DPSOH�RI�KLVWRU\�DV�D�
WRRO�IRU�SUHSDULQJ�WHDFKLQJ�OHDUQLQJ�UHVRXUFHV��LQ�SDUWLFXODU�WKH�SULQFLSOH�WR�VXLWDEO\�PRGLI\�KLVWRULFDO�
DUJXPHQWV� WR�UHSURGXFH� WKH�JHQHVLV�RI�NH\�PDWKHPDWLFDO�FRQFHSWV�DQG�WHFKQLTXHV�LQ�RUGHU� WR�KHOS�
VWXGHQWV� WR�RYHUFRPH�HSLVWHPRORJLFDO�REVWDFOHV�DWWHVWHG� WR�E\�KLVWRU\� �%URXVVHDX�������� -DQNYLVW��
������%ULJDJOLD�HW�DO����������7KH�GDWD�FROOHFWHG�SURYLGH�VRPH�HPSLULFDO�HYLGHQFH�DERXW�WKH�DGHTXDF\�
ZLWK�UHVSHFW�WR�WKH�JRDOV�WKDW�ZH�KDG�LQ�PLQG��EXW�ZH�SODQ�WR�PDNH�IXUWKHU�UHVHDUFK�RQ�WKLV�LQ�WKH�
IXWXUH��XQGHU�D�VXLWDEO\�FKRVHQ�WKHRUHWLFDO�IUDPHZRUN����

'HVLJQ�FULWHULD��&RQWHQWV�DQG�HGXFDWLRQDO�SXUSRVHV�
:LWK�WKH�ZRUNV�RI�(XFOLG��$UFKLPHGHV�DQG�$SROORQLXV��DQFLHQW�PDWKHPDWLFV�UHDFKHG�WKH�DSH[�RI�LWV�
GHYHORSPHQW�� $IWHU� WKHP�� DQ� LQH[RUDEOH� GHFOLQH� EHJDQ�� 2QO\� GXULQJ� WKH� ;9,,� FHQWXU\� GLG� WKH�
VXEVWDQWLDO�UHFRYHU\�RI�DQFLHQW�NQRZOHGJH�EH�FRPSOHWHG��%HWZHHQ�WKH�;9,,�DQG�;9,,,�FHQWXULHV�QHZ�
RULJLQDO�UHVHDUFK�GLUHFWLRQV�DSSHDUHG��OHDGLQJ�WR�WKH�GLVFRYHU\�RI�GLIIHUHQWLDO�FDOFXOXV�DQG�WKH�XVH�RI�
WKH�QHZ�FDOFXOXV�WR�VROYH��DOEHLW�QRW�\HW�ULJRURXVO\��DQ�HQRUPRXV�DPRXQW�RI�SUREOHPV�WKDW�UHPDLQHG�
RXW� RI� UHDFK� RI� DQFLHQW� PDWKHPDWLFV�� 2QO\� LQ� WKH� ;,;� FHQWXU\�� KRZHYHU�� ZH� ZLWQHVVHG� D� UHDO�
PHWKRGRORJLFDO� DGYDQFH�� DFKLHYHG� WKURXJK� D� SURIRXQG� FULWLFDO� UHYLVLRQ� RI� WKH� IRXQGDWLRQV� RI�
0DWKHPDWLFV��WKDW��ZLWK�6HW�WKHRU\��ILQDOO\�DOORZHG�D�ULJRURXV�WUHDWPHQW�RI�LQILQLW\�DQG�SURYLGHG�VROLG�
IRXQGDWLRQV�WR�GLIIHUHQWLDO�FDOFXOXV��

,Q�RXU�RSLQLRQ��WKH�GHPDQGLQJ�SURFHVV�QHFHVVDU\�WR�UHFRYHU�WKH�DQFLHQW�YLVLRQ�RI�JHRPHWU\�KDV�JRRG�
UHDVRQV�WR�EH�SXUVXHG��HVSHFLDOO\�LQ�WKH�WUDLQLQJ�RI�IXWXUH�WHDFKHUV��)RU�H[DPSOH��LW�KHOSV�WR�SUDFWLFH�
WKH�JRRG�KDELW�RI�FKDQJLQJ�SRLQW�RI�YLHZ�RQ�D�SUREOHP�DQG�VHDUFKLQJ� IRU�FRQQHFWLRQV�ZLWK�RWKHU�
SUREOHPV�� LW� SURPRWHV� JHRPHWULF� LQWXLWLRQ� DQG� KLJKOLJKWV� LWV� KHXULVWLF� YDOXH�� LW� KHOSV� WR� SHUFHLYH�
PDWKHPDWLFV�DV�D�FXOWXUDO�REMHFW�DQG�WR�DSSUHFLDWH�WKH�KLVWRULFDO�SURFHVV�RI�LWV�GHYHORSPHQW�DQG�WKH�
HIIHFWLYHQHVV�RI�XVLQJ�LW� IRU�DVVLVWLQJ�WKH�WHDFKLQJ�OHDUQLQJ�SURFHVV��$V�ZH�VDLG�EHIRUH�ZH�GLG�QRW�
SURSHUO\�YDOLGDWH�\HW�WKH�DGHTXDF\�RI�RXU�DFWLYLWLHV�DJDLQVW�WKHVH�JRDOV�EXW�WKH�GDWD�ZH�FROOHFWHG�WKLV�
\HDU�KHOSHG�XV� WR� IRUPXODWH�SUHFLVH� UHVHDUFK�TXHVWLRQV� WR�EH� DQVZHUHG� DQG�ZH�SODQ� WR�GR� IXUWKHU�
UHVHDUFK�RQ�WKLV�XQGHU�D�VXLWDEOH�WKHRUHWLFDO�IUDPHZRUN���

��KWWSV���GRFV�JRRJOH�FRP�GRFXPHQW�G��P,�6\�<S�(J��=V�N;EW�.Q'J[U9XMRZ�HGLW��
��)RU�DOORZLQJ�WKH�SUHVHQWDWLRQ�RI�WKH�DFWLYLWLHV�LQ�D�ZRUNVKRS�DW�&(50(����ZH�DUH�WUDQVODWLQJ�SDUW�RI�WKHP�LQ�(QJOLVK��
7KLV�ZRUN�LQ�SURJUHVV�FDQ�DOVR�EH�YLHZHG�RQOLQH��KWWSV���ZZZ�JHRJHEUD�RUJ�P�\SYUN�MF����
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7KLV�SURFHVV�RI�DSSURDFKLQJ�WKH�ZD\�RI� WKLQNLQJ�RI�DQFLHQW�JHRPHWHUV� LV� IDFLOLWDWHG�E\�D�G\QDPLF�
JHRPHWU\� VRIWZDUH� EXW� LW� UHTXLUHV� D� FRQVFLRXV� XVH� RI� LW�� 2WKHUZLVH�� DV� ZH� VDLG� DOUHDG\� LQ� WKH�
LQWURGXFWLRQ�� LW� FDQ� UDLVH� IXUWKHU�PLVXQGHUVWDQGLQJ��)RU� H[DPSOH�� LQ� WKH� ILIWK�PHHWLQJ�ZH� IDFH� WKH�
FODVVLFDO� SUREOHP� RI� LQVHUWLQJ� WZR� VHJPHQWV� LQ� FRQWLQXRXV� SURSRUWLRQ� EHWZHHQ� WZR� DVVLJQHG�
VHJPHQWV��7R�GR�WKLV��QHZ�JHRPHWULF�RSHUDWLRQV�DUH�UHTXLUHG�WKDW�FDQQRW�EH�SHUIRUPHG�ZLWK�UXOHU�DQG�
FRPSDVV��&R[���������0HQHFKPXV�QRWHG�WKDW�LW�LV�SRVVLEOH�WR�SHUIRUP�WKH�FRQVWUXFWLRQ�E\�LQWHUVHFWLQJ�
FRQLF�VHFWLRQV��7KLV� LV�HDVLO\�GRQH�ZLWK�*HR*HEUD�&ODVVLF
V�GHIDXOW� WRROV��$�QRQ�FRQVFLRXV�XVH�RI�
VRIWZDUH��ZKLFK�SXWV�UXOHU�DQG�FRPSDVV�FRQVWUXFWLRQV�RQ�WKH�VDPH�OHYHO�DV�FRQVWUXFWLRQV�ZLWK�FRQLFV��
FDQ�PRYH�XV�DZD\�IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�DQFLHQW�JHRPHWHUV�DQG�IURP�WKH�XQGHUVWDQGLQJ�RI�
WKHLU�SUREOHPV��:H�KDYH�WULHG�WR�KLJKOLJKW�WKH�ULVNV�RI�WKLV�XQFULWLFDO�XVH�RI�WRROV�WKURXJKRXW�DOO�WKH�
DFWLYLWLHV��HVSHFLDOO\�WKRVH�RI�VHYHQWK�PHHWLQJ��DLPHG�DW�FRQIURQWLQJ�WKH�V\QWKHWLF�JHRPHWULF�SRLQW�RI�
YLHZ�ZLWK�WKH�DQDO\WLF�RQH��7KH�W\SLFDO�SUREOHP�WKDW�ZH�SRVHG�LQ�WKLV�PHHWLQJ�ZDV�³5HIRUPXODWH�WKLV�
H[HUFLVH�DV�$SROORQLR�FRXOG�KDYH�SRVHG�LW�DQG�VROYH�LW�DV�KH�FRXOG�KDYH�VROYHG�LW��&RPSDUH�WKH�DQDO\WLF�
VROXWLRQ�RI�WKH�RULJLQDO�TXHVWLRQ�ZLWK�WKH�JHRPHWULF�VROXWLRQ�RI�WKH�QHZ�RQH´��

2EVHUYLQJ�KRZ�VWXGHQWV�XVH�*HR*HEUD��FKRLFH�RI�WRROV��ZD\V�RI�LQWHUDFWLQJ�ZLWK�WKH�VRIWZDUH��HWF���
KHOSV� WR� VKHG� OLJKW� RQ� WKHLU� DWWLWXGHV� WRZDUGV� WKH� JHRPHWULFDO� REMHFWV� DQG� FRQVWUXFWLRQV� WKH\� DUH�
GHDOLQJ�ZLWK��7KLV�PD\�KHOS�WKH�XQGHUVWDQGLQJ�RI�WKHLU�OHDUQLQJ�SURFHVVHV��6WXGHQWV
�LQWHUDFWLRQV�ZLWK�
G\QDPLF�JHRPHWU\�VRIWZDUH�PD\�SURYLGH�WHDFKHUV�ZLWK�VLPSOH�DQG�XVHIXO�EHQFKPDUNV�IRU�PRQLWRULQJ�
WKHLU�OHDUQLQJ�SURFHVV�LQ�WKH�ILHOG�RI�+LVWRU\�RI�0DWKHPDWLFV��IRU�H[DPSOH�DERXW�WKHLU�XQGHUVWDQGLQJ�
RI�WKH�SURFHVV�RI�GHYHORSPHQW�RI�NH\�PDWKHPDWLFDO�FRQFHSWV�DQG�WHFKQLTXHV��7KLV�PDNHV�LW�SRVVLEOH�
WR� GLVFXVV� WKH� GLYHUVLW\� EHWZHHQ� WKH� DQFLHQW� DQG� WKH�PRGHUQ� SRLQW� RI� YLHZ�PRUH� FRQFUHWHO\�� )RU�
H[DPSOH�� LQ� WKH�ILUVW�PHHWLQJ��GHGLFDWHG� WR� WKH�H[SORUDWLRQ�RI�VRPH�SURSHUWLHV�RI� WKH�DUEHORV�� LW� LV�
VKRZQ�KRZ�WKH�H[WHQVLRQ�RI�D�SODQH�ILJXUH�FDQ�EH�UHSUHVHQWHG�ERWK�DV�D�QXPEHU��DV�LV�QDWXUDO�IURP�
RXU�SRLQW�RI�YLHZ��DQG�DV�D�VLPSOHU�HTXLYDOHQW�ILJXUH��ZKLFK�FDQ�EH�D�VTXDUH�RU�D�FLUFOH��DV�ZDV�QDWXUDO�
IRU�$UFKLPHGHV� �VHH� )LJXUH� ���� 7KH� DSSURDFK� RI� WKH� DQFLHQW� JHRPHWHUV� VKLIWV� RXU� DWWHQWLRQ� IURP�
DOJHEUDLF�PDQLSXODWLRQV�WR�WKH�JHRPHWULF�FRQVWUXFWLRQV�RI�WKH�HTXLYDOHQW�ILJXUHV�DQG�WKH�REVHUYDWLRQ�
RI�WKH�WRROV�XVHG�E\�WKH�VWXGHQWV�DOORZV�XV�WR�HDVLO\�KLJKOLJKW�WKH�UHJLVWHU�LQ�ZKLFK�WKH\�ZRUN���

�
)LJXUH����([DPSOH�RI�KRZ�H[WHQVLRQ�LV�WUHDWHG�E\�VWXGHQWV�DV�D�QXPEHU��OHIW��RU�GLUHFWO\�DV�DQ�

HTXLYDOHQW�ILJXUH��ULJKW��

$QRWKHU�H[DPSOH�ZKLFK��LQ�RXU�RSLQLRQ��LV�HYHQ�PRUH�VWULNLQJ��LV�WKH�IROORZLQJ��7KH�VWDUW�VFUHHQ�RI�
*HR*HEUD�&ODVVLF��DW�OHDVW�XS�WR�YHUVLRQ����VKRZV�WKH�&DUWHVLDQ�JULG�E\�GHIDXOW��,QLWLDOO\��WKLV�GRHV�QRW�
ERWKHU�VWXGHQWV��LW�HYHQ�VHHPV�WKDW�WKH\�GR�QRW�VHH�WKH�D[HV�RU�DW�OHDVW�WKH\�GR�QRW�IHHO�WKH�QHHG�WR�
UHPRYH�WKHP��+RZHYHU��DW�D�FHUWDLQ�SRLQW�LQ�WKH�ODERUDWRU\�SURFHVV��PDQ\�VWXGHQWV�UHPRYH�WKH�D[HV�
RU�DVN�KRZ�WR�GR�LW��VHH�)LJXUH�����7KH\�KDYH�UHDFKHG�WKH�DZDUHQHVV�WKDW�LW�LV�DQ�HOHPHQW�XQUHODWHG�WR�
WKH�PDWKHPDWLFV�WKH\�DUH�GRLQJ��DQG�WKH\�DUH�DQQR\HG�E\�LW��
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�
)LJXUH����([DPSOH�RI�KRZ��LQLWLDOO\��VRPH�VWXGHQWV�SUHIHU�WR�NHHS�WKH�&DUWHVLDQ�D[HV�DV�D�UHIHUHQFH�

�OHIW��DQG�WKHQ�GHOHWH�WKHP�ODWHU��ULJKW��

+HUH�LV�D�VLPSOH�H[DPSOH�RI�D�EHQFKPDUN��WKDW�VKRZV�D�GLIIHUHQFH�LQ�DWWLWXGH��WKDW�FDQ�KHOS�WKH�WHDFKHU�
LQ� PRQLWRULQJ� VWXGHQWV
� OHDUQLQJ� SURFHVVHV�� 3URSHU� YDOLGDWLRQ� RI� WKLV� FODLP� DQG� D� VXLWDEOH�
XQGHUVWDQGLQJ�RI�WKH�OHDUQLQJ�SURFHVVHV�EHKLQG�LW�LV�OHIW�DV�D�IXWXUH�UHVHDUFK�TXHVWLRQ��

:LWK�*HR*HEUD�LW�LV�SRVVLEOH�WR�GHDFWLYDWH�DQ\�VXEVHW�RI�DOO�WKH�DYDLODEOH�WRROV�DQG�WKLV�DOORZV��IRU�
H[DPSOH��WR�DVN�IRU�WKH�VROXWLRQ�RI�WKH�VDPH�H[HUFLVH�XVLQJ�GLIIHUHQW�VHWV�RI�WRROV��LQ�RUGHU�WR�EHFRPH�
DZDUH�RI�WKH�GLIIHUHQW�ZD\V�RI�ORRNLQJ�DW�D�SUREOHP�DQG�LWV�VROXWLRQ��7KLV�RSSRUWXQLW\�ZDV�XVHG�LQ�
DOPRVW� HYHU\�PHHWLQJ�� ,Q� WKH� VHYHQWK�PHHWLQJ�� IRU� H[DPSOH��ZH� SURSRVHG� VRPH� SUREOHPV� RQ� WKH�
SDUDEROD�WDNHQ�IURP�D�KLJK�VFKRRO�WH[WERRN��GHVLJQHG�WR�EH�VROYHG�ZLWK�DQDO\WLF�JHRPHWU\��$V�ZH�
VDLG�DOUHDG\��ZH�GLVFXVVHG�ZKHWKHU�DQG�KRZ�LW�LV�SRVVLEOH�WR�UHIRUPXODWH�WKHP�LQ�D�JHRPHWULF�ZD\�DQG�
ZKDW�WRROV�FDQ�EH�XVHG�WR�VROYH�WKHP��:H�MXVW�UHSRUW�WZR�VDPSOHV�RI�VWXGHQWV¶�DQVZHUV�WKDW�KLJKOLJKW�
WKHLU�SHUFHSWLRQ�RI�KRZ�WKH�FKRLFH�RI�WRROV�LV�FRQQHFWHG�WR�WKH�ZD\�RI�XQGHUVWDQGLQJ�WKH�VROXWLRQ�DQG�
RI�FRQVLGHULQJ�WKH�REMHFWV�ZLWK�ZKLFK�WKH\�DUH�ZRUNLQJ���

6WXGHQW���� ,�ZDV�LQLWLDOO\�EHZLOGHUHG�E\�QRW�KDYLQJ�WKH�WRRO�³3RO\JRQ´�DYDLODEOH��EXW�ZKHQ�,�
QRWLFHG�WKH�DYDLODELOLW\�RI�WKH�³'UDZLQJ�FLUFOH´�WRRO�,�JRW�WKH�ULJKW�LGHD�DERXW�KRZ�
WR�FRPSOHWH�WKH�WDVN��

6WXGHQW���� +DYLQJ�IHZ�WRROV�DYDLODEOH�PD\�DSSHDU�DV�D�UHVWULFWLRQ�EXW�DFWXDOO\�IRUFHG�PH�WR�
FRQVLGHU�WKH�SUREOHP�IURP�WKH�ULJKW�SHUVSHFWLYH�DQG�FRQFHLYH�PRUH�TXLFNO\�D�SURSHU�
VROXWLRQ��

7KLV�PDWKHPDWLFV� ODERUDWRU\�RIIHUV�D�ZD\� WR�EHWWHU�XQGHUVWDQG� WKH�ZD\�RI� WKLQNLQJ�RI� WKH�DQFLHQW�
JHRPHWHUV��%XW�D�TXHVWLRQ�QDWXUDOO\�DULVHV��FDQ�WKLV�HOHPHQWDU\�PDWKHPDWLFV�IURP�DQ�DQFLHQW�SRLQW�RI�
YLHZ�EH�XVHIXO�DQG�LQWHUHVWLQJ�DOVR�RXWVLGH�WKH�FRQWH[W�RI�WKH�KLVWRU\�RI�PDWKHPDWLFV��LQ�SDUWLFXODU�LQ�
WHDFKHU� WUDLQLQJ"�2Q� WKH�EDVLV�RI� D� ILUVW� DQDO\VLV�RI� HPSLULFDO� GDWD�� DQG�RI� LQWHQVLYH� DQG� LQIRUPDO�
LQWHUYLHZV�� ZH� DVVXPH� DQ� DIILUPDWLYH� DQVZHU�� WKDW� ZH� SODQ� WR� LQYHVWLJDWH� E\� ZHOO�GHVLJQHG�
H[SHULPHQWV�ZLWKLQ�D�VXLWDEOH�WKHRUHWLFDO�IUDPHZRUN��:H�WKLQN�WKDW�WHDFKLQJ�DQG�OHDUQLQJ�HOHPHQWDU\�
PDWKHPDWLFV�IURP�DQ�DQFLHQW�SRLQW�RI�YLHZ�LV�XVHIXO�IRU�WHDFKHU�WUDLQLQJ�IRU�VHYHUDO�UHDVRQV��LQFOXGLQJ�
WKH�IROORZLQJ��VHH�DOVR�%ULJDJOLD�HW�DO��������IRU�WKH�VSHFLILF�UROH�RI�*HR*HEUD�IRU�WKLV���

- H[SDQGLQJ�WKH�SHUVSHFWLYH�IURP�ZKLFK�RQH�ORRNV�DW�WKH�REMHFWV�EHLQJ�VWXGLHG�FDQ�DOVR�EH�XVHIXO�
IRU�DSSO\LQJ�DQDO\WLFDO�WHFKQLTXHV�PRUH�HIIHFWLYHO\�DQG�FRQVFLRXVO\��VXJJHVWLQJ�KRZ�WR�VDYH�
FDOFXODWLRQV�DQG�KRZ�WR�FRQWURO�WKHP�JHRPHWULFDOO\��

� GHYHORSV� D� JHRPHWULF� LQWXLWLRQ�ZKLFK� LV� XVHIXO� QRW� RQO\� IRU� VROYLQJ� SUREOHPV�EXW� DOVR� IRU�
SRVLQJ�QHZ�RQHV�DQG�IRU�ILQGLQJ�KLGGHQ�OLQNV�EHWZHHQ�GLIIHUHQW�DUHDV�RI�PDWKHPDWLFV��

$V� FRQILUPDWLRQ� RI� RXU� FRQILGHQFH� LQ� WKH� XVHIXOQHVV� RI� SUDFWLFLQJ� WKH� V\QWKHWLF� SRLQW� RI� YLHZ� WR�
LPDJLQH�QHZ�SUREOHPV��ZH�EULQJ�DQ�H[DPSOH�WKDW�ZH�REVHUYHG�XVLQJ�WKH�PDWHULDOV�RI�WKH�ILUVW�PHHWLQJ�
LQ�D�FRXUVH�IRU�LQ�VHUYLFH�WHDFKHUV��:H�DVNHG�WR�LPDJLQH�D�SUREOHP�WKDW�JHQHUDOL]HG�WKH�RQH�FRQVLGHUHG�
E\�$UFKLPHGHV� RI� FLUFOLQJ� WKH� DUEHORV� DQG�ZH� JRW� WKH� VXJJHVWLRQ�� DPRQJ� RWKHUV�� WR� FRQVLGHU� WKH�
WULDQJXODU�DUEHORV��VKRZQ�LQ�)LJXUH����DQG�WR�ILQG�D�FRQVWUXFWLRQ�WR��WULDQJOLQJ��LW��+HUH�LV�WKH�VROXWLRQ�
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WKH\�IRXQG��WKH�WZR�UHG�HTXLODWHUDO�WULDQJOHV�RQ�WKH�ULJKW�DUH�HTXLYDOHQW�WR�WULDQJXODU�DUEHORV��L�H��WR�
WKH�OLJKW�EURZQ�SDUDOOHORJUDP���

�
)LJXUH����7ULDQJXODU�DUEHORV�>ILUVW�PHHWLQJ�LQ�D�FRXUVH�IRU�LQ�VHUYLFH�WHDFKHUV@��

)RU�WKH�SXUSRVH�RI�WKH�QXPHULFDO�FDOFXODWLRQ�RI�WULDQJXODU�DUEHORV¶�H[WHQVLRQ��WKH�FRQVWUXFWLRQ�RI�WKH�
HTXLYDOHQW� ILJXUH�� WKDW� LV� RI� WKH� WZR� UHG� HTXLODWHUDO� WULDQJOHV� VKRZQ� LQ� )LJXUH� ��� LV� XVHOHVV�� 7KH�
DOJHEUDLF�PDQLSXODWLRQ�RI�WKH�IRUPXODV�IRU�LQYROYHG�ILJXUHV¶�DUHDV�LV�YHU\�VLPSOH�DQG�KDV�QR�QHHG�IRU�
WKH� FRQVWUXFWLRQ� RI� WKDW� SDUWLFXODU� HTXLYDOHQW� ILJXUH�� EXW� LW� FDQQRW� EH� GHQLHG� WKDW� ZH� REVHUYHG�
VRPHWKLQJ� PRUH� IURP� WKH� JHRPHWULF� VROXWLRQ� WKDW� FDQQRW� EH� UHGXFHG� WR� QXPEHUV�� :H� IRXQG� LW�
LQWHUHVWLQJ�WR�REVHUYH�WKDW�WKH�JHRPHWULF�VROXWLRQ�ZDV�JHQHUDOO\�OLNHG�EHWWHU�WKDQ�WKH�QXPHULFDO�RQH�
DQG�ZDV�SHUFHLYHG�DV�D�WUXH�DQG�XQH[SHFWHG�GLVFRYHU\��:K\"�%HFDXVH�LW�DOORZHG�LQ�VHUYLFH�WHDFKHUV�
WR� VHH� EH\RQG� WKH� RULJLQDO� ILJXUH� DQG� SURGXFH� D� QHZ�ZD\�ZLWK� D� VWURQJ� JHRPHWULF� OLQN�ZLWK� WKH�
RULJLQDO�� 0RUHRYHU�� WKLV� QHZ� ILJXUH� PD\� VXJJHVW� RWKHU� ILJXUHV� DQG� XQH[SHFWHG� OLQNV� ZLWK� RWKHU�
SUREOHPV��)RU�H[DPSOH��LW�FDQ�EH�VXJJHVWHG�IXUWKHU�H[SORUDWLRQV�DVNLQJ�TXHVWLRQV�VXFK�DV�³ZKDW�LV�WKH�
ORFXV�WUDFHG�E\�RQH�RI�WKH�YHUWLFHV�RI�WKH�FULPVRQ�WULDQJOHV"´�DQG�GLVFRYHU�WKDW�LW�LV�DQ�DUF�RI�DQ�HOOLSVH��
³ZKDW� DUH� WKH� SULQFLSDO� D[HV� RI� WKLV� HOOLSVH"´� DQG� GLVFRYHU� WKDW� WKH\� FDQ� EH� WUDFHG�ZLWK� D� VLPSOH�
JHRPHWULF�FRQVWUXFWLRQ��HWF«�7KH�DQDO\WLFDO�DSSURDFK�ZRXOG�KDYH�UHGXFHG�WKH�SUREOHP�WR�D�VROHO\�
DOJHEUDLF�FDOFXODWLRQ��7KH�JHRPHWULF�LQWHUSUHWDWLRQ�DOORZHG�XV�WR�FRQQHFW�WKH�LQLWLDO�ILJXUH�WR�PDQ\�
RWKHUV��RSHQLQJ�WKH�SRVVLELOLW\�IRU�WKH�IRUPXODWLRQ�RI�FRQMHFWXUHV��

6R� IDU�ZH�KDYH�SUHVHQWHG� D�JHQHUDO� RYHUYLHZ�RI� WKH� ODERUDWRU\� DQG� WKH� GHVLJQ� FULWHULD�� SURYLGLQJ�
H[DPSOHV�RI�VRPH�VWXGHQWV
�SURGXFWLRQ��,Q�WKH�QH[W�VHFWLRQ�ZH�SURSRVH�D�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�
HDFK�PHHWLQJ�FRQWHQW��

0HHWLQJV�FRQWHQW�
0HHWLQJ����- Exploring the arbelos with Archimedes: 7KH�JHRPHWULF�DSSURDFK�WR�PHDVXULQJ�WKH�
H[WHQVLRQ�RI�ILJXUHV�

7KH�JRDO�RI�WKLV�PHHWLQJ�LV�WR�IDPLOLDUL]H�ZLWK�*HR*HEUD��)URP�D�KLVWRULFDO�SRLQW�RI�YLHZ��WKH�DFWLYLWLHV�
FHQWHU�DURXQG�WKH�FRQVWUXFWLRQ�RI�D�VLPSOHU�ILJXUH�ZKLFK�LV�HTXLYDOHQW�WR�D�JLYHQ�RQH�DQG�WR�KLJKOLJKW�
WKH�GLIIHUHQFH�ZLWK�WKH�SUREOHP�RI�FRPSXWLQJ�WKH�QXPHULFDO�YDOXH�RI�DQ�DUHD��
0HHWLQJ��8 - Designing a dynamic geometry software with Euclid:TKH�D[LRPDWLF�PHWKRG��

,Q�WKH�ILUVW�SDUW�RI�WKLV�PHHWLQJ�SURSRVHV�DFWLYLWLHV�DLPHG�DW�KLJKOLJKWLQJ�GLIIHUHQW�W\SHV�RI�LQWHUDFWLRQ�
ZLWK�WKH�ILJXUHV�SURGXFHG�E\�*HR*HEUD�WKURXJK�GUDJJLQJ��LQ�RUGHU�WR�VKRZ�KRZ�GLIIHUHQW�DWWLWXGHV�
WRZDUGV�WKH�VROXWLRQ�RI�JHRPHWULF�SUREOHPV�DUH�UHIOHFWHG�LQ�GLIIHUHQW�ZD\V�RI�GUDJJLQJ�WKH�ILJXUHV��
)RU�WKH�DFWLYLWLHV�SURSRVHG�LQ�WKLV�SDUW�ZH�KDYH�GUDZQ�LQVSLUDWLRQ�IURP�WKH�OLWHUDWXUH��H�J��%DFFDJOLQL�
)UDQN�	�0DULRWWL�� �������&RQYHUVHO\�� E\�REVHUYLQJ� WKHVH� DWWLWXGHV�� LW� LV� SRVVLEOH� WR�REWDLQ�XVHIXO�
LQIRUPDWLRQ�RQ�WKH�VWXGHQWV
�OHDUQLQJ�SDWK��'UDJJLQJ�LV�RQO\�RQH�DVSHFW�RI�WKH�SRVVLEOH�GLGDFWLF�XVH�RI�

��KWWSV���ZZZ�JHRJHEUD�RUJ�P�MWIX�UVU��
��KWWSV���ZZZ�JHRJHEUD�RUJ�P�\]ZJ\DGY��
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WKH�VRIWZDUH��EXW�WKH\�DUH�QRW�WKH�RQO\�SRVVLEOH�H[DPSOHV��7KH�FODVV�GLVFXVVLRQ�RI�WKH�REVHUYDWLRQV�
FROOHFWHG�LQ�WKH�ILUVW�SDUW�RI�WKH�DFWLYLWLHV�RI�WKLV�VHFRQG�PHHWLQJ�DOORZHG�D�IUXLWIXO�GLVTXLVLWLRQ�LQ�WKLV�
UHJDUG��,Q�WKH�VHFRQG�SDUW�RI�WKH�PHHWLQJ��LQVWHDG��VRPH�IHDWXUHV�RI�WKH�VRIWZDUH�DUH�XVHG�WR�OLQN�WKH�
DQDO\VLV� RI� (XFOLG
V� SRVWXODWHV� WR� *HR*HEUD� DUFKLWHFWXUH�� 7KLV� VRIWZDUH�� LQ� IDFW�� JLYHV� PDQ\�
RSSRUWXQLWLHV�IRU�VWLPXODWLQJ�UHIOHFWLRQV�RQ�WKH�WHFKQRORJLFDO�LPSRUWDQFH�RI�WKH�D[LRPDWLF�SRLQW�RI�
YLHZ� IRU� WKH� FRQVWUXFWLRQ�RI�XVHIXO�PRGHOV�RI� UHDOLW\� �5XVVR���������%\�FXVWRPL]LQJ�*HR*HEUD¶V�
WRROEDU��VWXGHQWV�DUH�LQYLWHG�WR�EXLOG�FRQVWUXFWLRQV�XVLQJ�VHWV�RI�GLIIHUHQW�WRROV�DQG�WKHQ�WR�UHIOHFW�RQ�
WKH�FRPSDWLELOLW\�RI�WKHVH�WRROV�DQG�RQ�WKH�XVHIXOQHVV�RI�KDYLQJ�D�PLQLPDO�DQG�HIILFLHQW�VHW�DW�WKHLU�
GLVSRVDO��$V�IRU�WKH�RWKHU�DFWLYLWLHV��VWXGHQWV�DUH�DVNHG�WR�JLYH�PRWLYDWLRQV�DQG�ZULWWHQ�UHIOHFWLRQV���
0HHWLQJ� ��- Discovering the geometrical properties of the rectangular cone sections with 
Apollonius: 7KH� JHRPHWULF� SURSHUWLHV� RI� WKH� SRLQWV� ZKLFK� EHORQJ� WR� WKH� SODQH� VHFWLRQ� RI� D�
FLUFXODU�FRQH�

6KLIWLQJ� WKH� IRFXV� IURP�(XFOLG� WR�$SROORQLXV�� WKH� WKLUG�PHHWLQJ� LQYROYHV� WKH� FRQVWUXFWLRQ� RI� WKH�
VHFWLRQV� RI� D� UHFWDQJXODU� FRQH�� XVLQJ� *HR*HEUD� �'�� ,Q� WKLV� PHHWLQJ� WKH� VWXGHQWV� DSSURDFK� WZR�
QRYHOWLHV�DW�WKH�VDPH�WLPH��RQ�WKH�RQH�KDQG�WKH�ZRUN�RI�$SROORQLXV�DQG��RQ�WKH�RWKHU�KDQG��D�QHZ�
IXQFWLRQDOLW\�RI�*HR*HEUD�DORQJ�ZLWK�WKH�DQDO\VLV�RI�WKH�VXEWLOH�OHDUQLQJ�GLIILFXOWLHV�RQH�PLJKW�UXQ�
LQWR� ZKHQ� ZRUNLQJ� ZLWK� WKUHH�GLPHQVLRQDO� REMHFWV� UHSUHVHQWHG� RQ� WKH� VFUHHQ� RI� D� FRPSXWHU�
�$FFDVFLQD�	�5RJRUD���������*HR*HEUD��'�RIIHUV�XVHIXO�WRROV�WR�KHOS�WKH�SURFHVV�RI�PRYLQJ�IURP�
WZR�WR�WKUHH�GLPHQVLRQV��)URP�WKH�KLVWRULFDO�SRLQW�RI�YLHZ��WKH�FKDUDFWHULVWLF�HOHPHQWV�RI�D�FRQLFDO�
VHFWLRQ��ODWXV� UHFWXP��D[LV��HWF���DUH� LQWURGXFHG�DV�GRQH�E\�$SROORQLXV��DQG� WKH�DFWLYLWLHV�DOORZ�WR�
VWXG\�WKH�SURSHUWLHV�WKDW�OLQN�WKHP��V\PSWRPV���
0HHWLQJ� �10 - Making constructions with Greek geometers, without verbal indications: 
&RQVWUXFWLRQV�ZLWK�UXOHU�DQG�FRPSDVV�UHODWLQJ�WR�WKH�FRQLFV�SUHVHQW�LQ�WKH�ZRUNV�RI�$UFKLPHGHV�
DQG�$SROORQLXV�

,Q�WKLV�PHHWLQJ��VWXGHQWV�DUH�DVNHG�WR�XVH�WKH�>/RFXV@�WRRO�RI�*HR*HEUD�IRU�EXLOGLQJ�D�FRQLF�VWDUWLQJ�
IURP�D�VHW�RI�FKDUDFWHULVWLF�SRLQWV�DQG�VWUDLJKW�OLQHV�WKDW�GHILQH�LW��H�J��IRFXV�DQG�GLUHFWUL[��DQG��YLFH�
YHUVD��FRQVWUXFW�ZLWK�UXOH�DQG�FRPSDVV�WKH�VSHFLDO�SRLQWV�DQG�OLQHV�DVVRFLDWHG�WR�D�JLYHQ�FRQLF��,Q�DOO�
WKHVH�FRQVWUXFWLRQV�WKH�PRVW�RI�WKH�DWWHQWLRQ�LV�RQ�WKH�LQVWUXPHQWV�WKDW�DUH�DOORZHG�WR�EH�XVHG�DQG�WKH�
GLVFXVVLRQ�IRFXVHV�RQ�ZKLFK�ZHUH�DYDLODEOH�WR�WKH�*UHHNV�DQG�RQ�ZKLFK�DUH�DYDLODEOH�LQ�*HR*HEUD��
DQG�WKH�GLIIHUHQW�QDWXUH�RI�SUREOHPV�ZKHQ�GLIIHUHQW�VHWV�RI�LQVWUXPHQWV�DUH�SHUPLWWHG��,Q�WKLV�PHHWLQJ��
VWXGHQWV� DUH� QRW� ERXQG� WR� IROORZ� SUH�HVWDEOLVKHG� VWHSV� DV� LQ� WKH� SUHYLRXV� DFWLYLWLHV�� 'XULQJ� WKH�
ODERUDWRU\��ZH�KRSHG� WKDW�REVHUYLQJ� WKHLU�VSRQWDQHRXV�ZD\� LQ� UHFRQVWUXFWLQJ� WKH�SURYLGHG�ILJXUHV�
ZRXOG�DOORZ�XV�WR�VHW�EHQFKPDUNV�WKDW�PDUNHG�GLIIHUHQW�SKDVHV�LQ�WKH�SURFHVV�RI�WUDQVLWLRQ�IURP�DQ�
RSHUDWLRQDO�XQGHUVWDQGLQJ�WR�D�VWUXFWXUDO�XQGHUVWDQGLQJ�RI�WKH�FRQFHSW�RI�ORFXV��+RZHYHU��ZH�GLG�QRW�
JHW�FRQFOXVLYH�HYLGHQFH�WKDW�VXFK�D�EHQFKPDUN�VKRXOG�EH�IRXQG�DQG�ZH�WKLQN�WKDW�IXUWKHU�LQYHVWLJDWLRQ�
ZLWK�\RXQJHU�VWXGHQWV��IRU�ZKLFK�WKH�LGHD�RI�JHRPHWULF�ORFXV�KDV�QRW�\HW�FU\VWDOOL]HG��DUH�QHHGHG���
0HHWLQJ��11 - Duplicate the cube with Menaechmus: 7KH�FRQQHFWLRQ�EHWZHHQ�WKH�GXSOLFDWLRQ�RI�
WKH�FXEH�DQG�WKH�+LSSRFUDWHV�SUREOHP�FRQFHUQLQJ�WKH�LQVHUWLRQ�RI�WZR�VHJPHQWV�LQ�FRQWLQXRXV�
SURSRUWLRQ�ZLWK�WZR�DVVLJQHG�VHJPHQWV��0HQHFKPXV
�VROXWLRQ�RI�+LSSRFUDWHV
�SUREOHP�ZLWK�WKH�
XVH�RI�FRQLFV�

��KWWSV���ZZZ�JHRJHEUD�RUJ�P�H�F\QQZU��
���KWWSV���ZZZ�JHRJHEUD�RUJ�P�UQNESFIH��
���KWWSV���ZZZ�JHRJHEUD�RUJ�P�EKT�QV�H��
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7R�DGGUHVV�WKH�SUREOHP�RI�GXSOLFDWLQJ�WKH�FXEH��WKH�ILIWK�PHHWLQJ�LQFOXGHV�D�VHULHV�RI�JXLGHG�DFWLYLWLHV�
WR� H[SODLQ� 0HQHFKPXV
� DSSURDFK� ZKLFK� VROYHG� WKH� SUREOHP� E\� LQWHUVHFWLQJ� FRQLFV�� 'XULQJ� WKH�
ODERUDWRU\�VWXGHQWV�KDG�WR�UHFRJQL]H��ZLWKRXW�XVLQJ�DQDO\WLF�JHRPHWU\��WKH�UHODWLRQVKLS�EHWZHHQ�WKH�
JHRPHWULF�FRQVWUXFWLRQ�RI�WZR�VHJPHQWV�LQ�FRQWLQXRXV�SURSRUWLRQ�ZLWK�WZR�DVVLJQHG�RQHV��REWDLQHG�
E\�LQWHUVHFWLQJ�VXLWDEOH�FRQLFV��DQG�WKH�FRUUHVSRQGLQJ�DOJHEUDLF�RSHUDWLRQV��H[WUDFWLRQ�RI�URRWV����
0HHWLQJ� �12- Identifying conic sections and geometrical loci with Apollonius: $Q� DOJHEUDLF�
DSSURDFK��ZLWKRXW�IRUPXODV�DQG�ZLWKRXW�QXPEHUV��WR�JHRPHWULF�SUREOHPV�

,Q�WKLV�PHHWLQJ��UHWXUQLQJ�WR�$SROORQLXV�DQG�XVLQJ�*HR*HEUD�DQG�*HR*HEUD��'�WKURXJK�JXLGHG�DQG�
QR�ORQJHU�IUHH�H[SORUDWLRQ�DFWLYLWLHV��WKH�SODQH�FRQVWUXFWLRQV�RI�SDUDEROD��K\SHUEROD�DQG�HOOLSVH�DUH�
UHODWHG� WR� WKH� VHFWLRQV� RI� D� FRQH�� 6WXGHQWV� GLVFRYHU� WKDW� $SROORQLXV
� FRQVWUXFWLRQ� DOORZV� IRU� WKH�
FRQVWUXFWLRQ�RI�D�FRQLF�DQG�LWV�VXSSOHPHQWDU\�FRQLF�DW�WKH�VDPH�WLPH�ZLWK�UHVSHFW�WR�D�JLYHQ�GLUHFWLRQ��
7KH� LPSRUWDQFH�RI� WKH�FRQFHSW�RI�VXSSOHPHQWDU\�FRQLF� WR�GHYHORS� WKH�JHRPHWULF� WKHRU\�RI�FRQLFV�
ZLWKRXW� LQWURGXFLQJ� FRPSOH[� QXPEHUV�� EXW� XVLQJ� WKH� LGHDO� HOHPHQWV� GHILQHG� WKURXJK� WKH� XVH� RI�
VXSSOHPHQWDU\�FRQLFV��ZLOO�EH�UHFRJQL]HG�RQO\�LQ�WKH�ILUVW�KDOI�RI�WKH�;,;�FHQWXU\�ZLWK�WKH�ZRUNV�RI�
3RQFHOHW� �3RQFHOHW���������7KH�DFWLYLWLHV�SODQQHG� IRU� WKLV�PHHWLQJ� UHSUHVHQW� WKH�FRQFOXVLRQ�RI� WKH�
WRSLF�$SROORQLXV�DQG�WKH�&RQLFV�DQG�DLP�DW�VKHG�OLJKW�RQ�WKH�QHHG�WR�GHYHORS�DQ�DOJHEUDLF�DSSURDFK�
WR�GHDO�ZLWK�LGHQWLILFDWLRQ�SUREOHPV���
0HHWLQJ� �13- Moving the point of view on a geometric problem with Descartes:�&RPSDULVRQV�
EHWZHHQ�WKH�PRGHUQ�DQG�WKH�DQFLHQW�SRLQW�RI�YLHZ�

7KH� ODERUDWRU\� HQGV�ZLWK� DFWLYLWLHV� WKDW� UHODWH� WKH� YLVLRQ� RI� DQFLHQW�PDWKHPDWLFLDQV�ZLWK�ZKDW� LV�
XVXDOO\�GRQH�DW�VFKRRO��LQ�,WDO\���7KH�DFWLYLWLHV�FRQFHUQ�VLPSOH�H[HUFLVHV�WDNHQ�IURP�D�FXUUHQW�VFKRRO�
PDQXDO��ZKLFK�FDQ�EH�WUDQVSRVHG�LQWR�WKH�ODQJXDJH�RI�DQFLHQW�PDWKHPDWLFV��LQ�RUGHU�WR�XQGHUVWDQG�
WKH�UHODWLRQVKLSV�EHWZHHQ�DQDO\WLFDO�DQG�V\QWKHWLF�JHRPHWU\��$�OLQN�LV�FUHDWHG�EHWZHHQ�WKH�WRSLFV�RI�
WKH�+LVWRU\� RI�0DWKHPDWLFV� FRXUVH� DQG� VRPH� IDPLOLDU� WRSLFV� IDFHG� DW� VFKRRO�� VR� WKDW� SURVSHFWLYH�
WHDFKHUV�FDQ�DSSUHFLDWH�WKH�LPSRUWDQFH�RI�NQRZLQJ�WKH�KLVWRULFDO�GHYHORSPHQW�RI�WKH�WKHRU\�RI�FRQLFV�
IRU�WKHLU�IXWXUH�WHDFKLQJ�SUDFWLFH��$�TXHVWLRQ�V\VWHPDWLFDOO\�SURSRVHG�WR�VWXGHQWV�LV��³+RZ�$SROORQLR�
ZRXOG�KDYH�IRUPXODWHG�WKH�H[HUFLVH�DQG�KRZ�LW�ZRXOG�KDYH�VROYHG�WKH�SUREOHP´��:H�WKLQN�WKDW�WKH�
DQVZHUV�FROOHFWHG�ZLWK�WKLV�TXHVWLRQ�DUH�YHU\�LQWHUHVWLQJ�WR�EH�GLVFXVVHG�LQ�FODVV��3URSHU�YDOLGDWLRQ�RI�
WKLV�FODLP�LV�OHIW�DV�D�IXWXUH�UHVHDUFK�TXHVWLRQ���

)HHGEDFN�FROOHFWLRQ�
9DULRXV� SKDVHV� RI� IHHGEDFN� FROOHFWLRQ� ZHUH� SODQQHG� GXULQJ� WKH� PDWKHPDWLFV� ODERUDWRU\� ZH� DUH�
GHVFULELQJ��WR�SURYLGH�VWXGHQWV�ZLWK�XVHIXO�LQIRUPDWLRQ�UHJDUGLQJ�WKH�DFWLYLWLHV�FDUULHG�RXW��WR�LQIRUP�
WKHP� RQ� WKHLU� SURJUHVV�� DQG� WR� OHW� XV� FROOHFW� WKHLU� REVHUYDWLRQV�� FRPPHQWV� DQG� VXJJHVWLRQV�� 7KH�
REVHUYDWLRQ�RI�VWXGHQWV
�ZRUN�ZDV�GRQH�E\�DQDO\]LQJ�WKHLU�DQVZHUV�DQG�FRPPHQWV�LQ�WKH�*HR*HEUD�
DFWLYLW\� VKHHWV� DQG� IHHGEDFN�ZDV� VKDUHG� GLVFXVVLQJ� WKHP�ZLWK� WKH� FODVV� HYHU\� WZR�ZHHNV��$W� WKH�
FRQFOXVLRQ�RI�WKH�ODERUDWRU\��D�IRUP���ZDV�FUHDWHG�XVLQJ�*RRJOH�)RUPV����WKURXJK�ZKLFK�ZH�ZDQWHG�
WR�LQYHVWLJDWH�VWXGHQWV¶�SHUVSHFWLYH�RQ�WKHLU�H[SHULHQFH�RI�WKH�ODERUDWRU\�UHJDUGLQJ��WKH�XVHIXOQHVV�RI�
WKH�PHHWLQJV�LQ�UHODWLRQ�WR�WKH�HQWLUH�FRXUVH��WKH�OHYHO�RI�LQWHJUDWLRQ�EHWZHHQ�WKH�WKHRUHWLFDO�SDUW�DQG�

���KWWSV���ZZZ�JHRJHEUD�RUJ�P�JP\�\PM���
���KWWSV���ZZZ�JHRJHEUD�RUJ�P�PTSZ��X\��
���KWWSV���GRFV�JRRJOH�FRP�IRUPV�G��8IXK3�K:�4WB*1T/QWH\+7KZN:*65�L6=L.':&LZ��(�HGLW"SOL ���
���KWWSV���ZZZ�JRRJOH�FRP�IRUPV�DERXW���
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WKH�ODERUDWRU\�RQH��HWF��$QDO\]LQJ�ERWK�WKH�GDWD�FROOHFWHG�DIWHU�HDFK�DFWLYLW\�DQG�WKH�VWXGHQWV
�ILQDO�
FRPPHQWV��ZH�FDQ�VD\�WKDW�WKH�JRDO�RI�IDFLQJ�WKH�FODVVLFV�RI�*UHHN�PDWKHPDWLFV�WKURXJK�WKH�OHQV�RI�D�
G\QDPLF�JHRPHWU\� VRIWZDUH�KDV�EHHQ� VDWLVIDFWRULO\� DFKLHYHG��$V� DQ� H[DPSOH��ZH� UHSRUW� KHUH� WZR�
SDUDGLJPDWLF�H[DPSOHV�RI�VWXGHQWV¶�DQVZHUV���

6WXGHQW���� 7KH� ODERUDWRU\� H[SHULHQFHV� ZHUH� YHU\� XVHIXO� ERWK� IRU� EHWWHU� XQGHUVWDQGLQJ� WKH�
WRSLFV�FRYHUHG�LQ�WKH�FRXUVH�DQG�IRU�XQGHUVWDQGLQJ�WKH�ZD\�RI�WKLQNLQJ�RI�DQFLHQW�
PDWKHPDWLFLDQV�DQG�XQGHUVWDQGLQJ�WKH�GLIILFXOWLHV�HQFRXQWHUHG�LQ�VROYLQJ�SUREOHPV�
LQ�UHODWLRQ�WR�WKH�PDWKHPDWLFDO�WRROV�NQRZQ�DW�WKH�WLPH��

6WXGHQW���� ,Q�PRVW�FDVHV��HVSHFLDOO\�IRU�WKH�ILUVW�DFWLYLWLHV��WKH�ODERUDWRU\�ZDV�XVHIXO�IRU�EHWWHU�
XQGHUVWDQGLQJ�KRZ�*UHHN�PDWKHPDWLFLDQV�FRXOG�UHDVRQ��:RUNLQJ�RQO\�ZLWK�D�UXOHU�
DQG�FRPSDVV�KDV�KHOSHG�PH�D�ORW��ERWK�LQ�XQGHUVWDQGLQJ�WKH�VXEMHFW�DQG�LQ�WU\LQJ�WR�
EURDGHQ�P\�ZD\�RI� WKLQNLQJ�DERXW�FHUWDLQ�SUREOHPV�� ,Q� WKLV� VHQVH�� WKH�DFWLYLWLHV�
ZLWK�WRROV��H[FOXGHG��IURP�WKH�EDU�KDYH�EHHQ�YHU\�XVHIXO��

&RQFOXVLRQV�
:H�EHOLHYH�WKDW�D�PDWKHPDWLFV�ODERUDWRU\�WKDW�WDNHV�DGYDQWDJH�RI�*HR*HEUD�IRU�DQ�XQLYHUVLW\�FRXUVH�
RQ� WKH� KLVWRU\� RI�*UHHN�PDWKHPDWLFV� FDQ� EH� D� YHU\� HIIHFWLYH� WRRO� ERWK� WR� DVVLVW� DQG� WR�PRWLYDWH�
VWXGHQWV
�OHDUQLQJ�SURFHVVHV�DQG�WR�SURYLGH�XVHIXO�HOHPHQWV�IRU�WKH�HYDOXDWLRQ�RI�VXFK�D�SURFHVV��:H�
SODQ�WR�RIIHU�WKLV�PDWKHPDWLFV�ODERUDWRU\�DJDLQ�LQ�WKH�QH[W�FRXUVH�RI�+LVWRU\�RI�0DWKHPDWLFV�ZLWK�WKH�
DLP�WR�WUDQVIRUP�D�SDUW�RI�WKH�VXPPDWLYH�DVVHVVPHQW��VR�IDU�FRPSRVHG�RI�D�ZULWWHQ�H[DP�DQG�DQ�RUDO�
H[DP��LQWR�D�IRUPDWLYH�DVVHVVPHQW�SUDFWLFH��E\�H[SORLWLQJ�WKH�IHHGEDFN�SRVVLELOLWLHV�DERXW�WKH�OHDUQLQJ�
SURFHVV� SURYLGHG� E\� WKH� VRIWZDUH� DQG� WKH� WHDFKHU�VWXGHQW� LQWHUDFWLRQ� PHGLDWHG� E\� *HR*HEUD�
&ODVVURRP�HQYLURQPHQW��)LQDOO\��LQ�FROODERUDWLRQ�ZLWK�D�JURXS�RI�VHFRQGDU\�VFKRRO�WHDFKHUV��ZH�KDYH�
EHJXQ�WR�DGDSW�WKH�DFWLYLWLHV�WR�SURSRVH�WKHP�LQ�D�VHFRQGDU\�VFKRRO�FODVV��LQ�RUGHU�WR�EULQJ�VWXGHQWV�
FORVHU�WR�D�YLVLRQ�RI�PDWKHPDWLFV�FDSDEOH�RI�UHFRJQL]LQJ�DQG�DSSUHFLDWLQJ�LWV�KLVWRULFDO�HYROXWLRQ�DQG�
LWV�EHLQJ�D�FXOWXUDO�DQG�VRFLDO�REMHFW�FORVHO\�OLQNHG�WR�RWKHU�GLVFLSOLQDU\�ILHOGV���

5HIHUHQFHV�
$FFDVFLQD��*���	�5RJRUD��(����������8VLQJ�&DEUL�'�GLDJUDPV�IRU�WHDFKLQJ�JHRPHWU\��,QWHUQDWLRQDO�
-RXUQDO�IRU�7HFKQRORJ\�LQ�0DWKHPDWLFV�(GXFDWLRQ�����������±����

$U]DUHOOR��)���2OLYHUR��)���3DROD��'���	�5REXWWL��2����������$�FRJQLWLYH�DQDO\VLV�RI�GUDJJLQJ�SUDFWLFHV�
LQ�&DEUL�(QYLURQPHQWV��='0�����������±����KWWSV���GRL�RUJ���������%)���������

%DFFDJOLQL�)UDQN��$��	�0DULRWWL��0��$����������*HQHUDWLQJ�FRQMHFWXUHV�LQ�G\QDPLF�JHRPHWU\��7KH�
PDLQWDLQLQJ� GUDJJLQJ�PRGHO�� ,QWHUQDWLRQDO� -RXUQDO� RI� &RPSXWHUV� IRU�0DWKHPDWLFDO� /HDUQLQJ��
����������±�����KWWSV���GRL�RUJ���������V�����������������

%ULJDJOLD��$���5DVSDQWL��0��$��	�5RJRUD��(����������/
XVR�GL�XQ�VRIWZDUH�GL�JHRPHWULD�GLQDPLFD�QHOOD�
IRUPD]LRQH�GHL�IXWXUL�LQVHJQDQWL�>7KH�XVH�RI�G\QDPLF�JHRPHWU\�VRIWZDUH�LQ�WKH�WUDLQLQJ�RI�IXWXUH�
WHDFKHUV@��0DWHPDWLFD��&XOWXUD�H�6RFLHWj��5LYLVWD�GHOO¶8QLRQH�0DWHPDWLFD�,WDOLDQD����������±����

%URXVVHDX��*����������7KHRU\�RI�GLGDFWLFDO�VLWXDWLRQ�LQ�PDWKHPDWLFV��.OXZHU�$FDGHPLF��

&R[��'��$����������*DORLV�7KHRU\��:LOH\��

-DQNYLVW��8�� ��������$�FDWHJRUL]DWLRQ�RI� WKH�³ZK\V´�DQG�³KRZ¶V´�RI�XVLQJ�KLVWRU\� LQ�PDWKHPDWLFV�
HGXFDWLRQ��(GX��6WXG��0DWK������������±�����KWWSV���GRL�RUJ���������V������������������

3RQFHOHW�� -�� 9�� �������� 7UDLWp� GHV� SURSULpWp� SURMHFWLYHV� GHV� ILJXUHV� >$� WUHDWLVH� RQ� WKH� SURMHFWLYH�
SURSHUWLHV�RI�ILJXUHV@��%DFKHOLHU��

5XVVR��/����������7KH�IRUJRWWHQ�UHYROXWLRQ��6SULQJHU��
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