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9LUJLQLD�&RPPRQZHDOWK�8QLYHUVLW\�

5HQVVHODHU�3RO\WHFKQLF�,QVWLWXWH�

$%675$&7

$�PDWHULDOV�VFLHQFH�FRXUVH�IRU�JHQHUDO�HQJLQHHULQJ�VWXGHQWV�KDV�EHHQ�GHYHORSHG

RYHU�WKH�ODVW�VHYHUDO�\HDUV��VR�WKDW�WKH�FRXUVH�VHUYHV�QRW�DV�DQ�LQWURGXFWLRQ�WR�WKH

GLVFLSOLQH�IRU�PDWHULDOV�PDMRUV��EXW�D�FRXUVH�WKDW�DOORZV�WKH�JHQHUDO�HQJLQHHULQJ

VWXGHQW�WR�DSSO\�WKH�SULQFLSOHV�RI�PDWHULDOV�VFLHQFH�WR�WKHLU�GLVFLSOLQH��7KLV�FRXUVH�LV

WKH�VHFRQG�VHPHVWHU�RI�DQ�LQWHJUDWHG�0DWHULDOV�6FLHQFH�DQG�&KHPLVWU\�VHTXHQFH

ZKLFK�GHPRQVWUDWHV�WKH�OLQN�EHWZHHQ�VFLHQFH�DQG�HQJLQHHULQJ��7KH�WRSLFV�DUH

DUUDQJHG�VR�WKDW�WKH�VWXGHQWV��ILUVW�OHDUQ�DERXW�WKH�VWUXFWXUH�RI�PDWHULDOV��WKHQ�KRZ

SURFHVVLQJ�HIIHFWV�WKLV�VWUXFWXUH��DQG�ILQDOO\�KRZ�VWUXFWXUH�HIIHFWV�SURSHUWLHV�DQG

SHUIRUPDQFH��7KH�DSSOLFDWLRQ�WR�UHDO�HQJLQHHULQJ�LV�LOOXVWUDWHG�E\�D�VHULHV�RI

SURSHUW\�SHUIRUPDQFH�H[SORUDWLRQV��:H�ZLOO�GLVFXVV�WKH�GHYHORSPHQW�RI�WKLV�FRXUVH�

HYDOXDWH�LWV�VXFFHVV�DQG�GLVFXVV�IXWXUH�GLUHFWLRQV�

,1752'8&7,21

%DFNJURXQG

'XULQJ�WKH�ODVW�WHQ�\HDUV�HQJLQHHULQJ�FXUULFXOD�KDYH�EHHQ�XQGHUJRLQJ�UHYLVLRQ��7KLV

FKDQJH�KDV�EHHQ�LQ�UHVSRQVH�WR�PDQ\�IDFWRUV�LQFOXGLQJ��HYROXWLRQ�RI�WKH�ILHOG��WKH

JURZLQJ�LPSRUWDQFH�RI�WKH�PLFURHOHFWURQLFV�LQGXVWU\��WKH�DGYHQW�RI�FRPSXWHU�EDVHG

OHDUQLQJ�WHFKQRORJ\��HFRQRPLFV��DQG�D�GHFOLQLQJ�LQWHUHVW�LQ�HQJLQHHULQJ�HGXFDWLRQ

DPRQJ�JUDGXDWLQJ�KLJK�VFKRRO�VWXGHQWV��0XFK�RI�WKH�GLVVDWLVIDFWLRQ�DQG�GLVLQWHUHVW

LQ�HQJLQHHULQJ�RFFXUV�GXULQJ�WKH�ILUVW�WZR�\HDUV�RI�DQ�HQJLQHHUªV�HGXFDWLRQ�ZKHQ

WKH\�DUH�H[SRVHG�WR�WKH�VFLHQWLILF�FRQFHSWV�WKH\�ZLOO�DSSO\�GXULQJ�WKHLU�FDUHHUV�

7KHVH�FRXUVHV�DUH�W\SLFDOO\�ODUJH�LQWURGXFWRU\�FRXUVHV�LQ�PDWKHPDWLFV��FKHPLVWU\�

SK\VLFV��DQG�FRPSXWLQJ��7KH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�KDV�LGHQWLILHG�VHYHUDO

UHDVRQV�ZK\�EHJLQQLQJ�VWXGHQWV�ZKR�LGHQWLI\�WKH�FRQWHQW�RI�WKHVH�FRXUVHV�ZLWK�WKHLU

LQWHQGHG�PDMRU��GLVOLNH�HQJLQHHULQJ ��7KHVH�LQFOXGH��

�� 1LQH�RXW�RI����RQH�WLPH�HQJLQHHULQJ�PDMRUV�ZKR�VZLWFKHG�WR�D

QRQ�HQJLQHHULQJ�PDMRU��DQG�WKUHH�RXW�RI�IRXU�ZKR�SHUVHYHUHG��GHVFULEHG

WKH�TXDOLW\�RI�WHDFKLQJ�DV�SRRU�RYHUDOO�

�� /DFN�RI�VWXGHQW�WHDFKHU�GLDORJXH��ZKLFK�ZDV�WKRXJKW�DOVR�WR�UHIOHFW

IDFXOW\�LQGLIIHUHQFH��&ODVVHV�ZHUH�PDLQO\�RQH�ZD\�OHFWXUHV��ZKLFK
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VWXGHQWV�FRPSDUHG�XQIDYRUDEO\�WR�WKH�KLJK�VFKRRO�H[SHULHQFHV�RI�PDQ\

RI�WKHP��LQ�ZKLFK�WKHUH�ZDV�FRQVLGHUDEOH�GLDORJXH��

�� 6HQLRUV�ZKR�ZHUH�JRLQJ�WR�JUDGXDWH�LQ�HQJLQHHULQJ�PDGH�LW�FOHDU�WKDW

WKH�IRFXV�RQ�ZHHG�RXW�REMHFWLYHV�DQG�XVH�RI�SRRU�WHDFKLQJ�SUDFWLFHV�LQ

WKH�ILUVW�WZR�\HDUV�KDG�JLYHQ�WKHP�D�VKDN\�IRXQGDWLRQ�IRU�KLJKHU�OHYHO

ZRUN��

�� ,QHIIHFWLYH�XVH�RI�LQVWUXFWLRQDO�WHFKQRORJ\�

&RQVLGHU�SRLQW�QXPEHU�WZR�DERYH��%ORRP��D�QRWHG�HGXFDWLRQDO�VSHFLDOLVW�LGHQWLILHG�D

KLHUDUFK\�RI�HGXFDWLRQDO�OHYHOV��HDFK�RQH�UHTXLUHG�WR�WKH�QH[W��DQG�HDFK�KLJKHU�OHYHO

EHLQJ�PRUH�UHZDUGLQJ ��7KHVH�DUH���

�� .QRZOHGJH��PHPRUL]DWLRQ�RI�IDFWV���

�� &RPSUHKHQVLRQ��UHVWDWLQJ�OHDUQHG�IDFWV���

�� $SSOLFDWLRQ��VLPSOH�RQH�VWHS�DSSOLFDWLRQ�RI�DEVWUDFW�FRQFHSWV���

�� $QDO\VLV��EUHDNLQJ�GRZQ�D�SUREOHP�LQWR�SDUWV�DQG�VROYLQJ�LW���

�� 6\QWKHVLV��W\LQJ�WRJHWKHU�GLVWLQFW�FRQFHSWV���DQG

�� (YDOXDWLRQ��MXGJLQJ�WKH�ZRUN�RI�RWKHUV���

7KH�ODUJH�LQWURGXFWRU\�FRXUVHV�ZKLFK�DUH�W\SLFDO�RI�WKH�EHJLQQLQJ�VWXGHQWV

HQJLQHHULQJ�HGXFDWLRQ��DQG�ZKHUH�WKHUH�LV�D�QRWDEOH�ODFN�RI�VWXGHQW�WHDFKHU

GLDORJXH�IRFXV�RQ�WKH�ILUVW�WKUHH�OHYHOV��7KLV�GRHV�QRW�VHHP�UHPDUNDEOH��XQWLO�RQH

FRQVLGHUV��EDVHG�RQ�WKHLU�RZQ�HGXFDWLRQDO�H[SHULHQFH��WKDW�ILUVW�JUDGHUV�OHDUQ�DW�WKH

NQRZOHGJH�OHYHO��E\�WKH�WKLUG�JUDGH�FKLOGUHQ�DUH�DVNHG�WR�SHUIRUP�DW�WKH

FRPSUHKHQVLRQ�OHYHO��E\�MXQLRU�KLJK�VWXGHQWV�DUH�DEOH�WR�SHUIRUP�DQDO\VLV�LQ

(QJOLVK�DQG�VRFLDO�VWXGLHV�FRXUVHV��DQG�E\�KLJK�VFKRRO�DGYDQFHG�VWXGHQWV�DUH

SHUIRUPLQJ�DW�WKH�V\QWKHVLV�OHYHO��&HUWDLQO\�PRVW�EHJLQQLQJ�FROOHJH�VWXGHQWV�DUH

H[SHFWHG�WR�SHUIRUP�DW�WKH�V\QWKHVLV�OHYHO�E\�WKHLU�OLEHUDO�DUWV�SURIHVVRUV��%HFDXVH

WKHVH�OHDUQLQJ�DFWLYLWLHV�DUH�PRUH�UHZDUGLQJ�DQG�PRUH�DSSURSULDWH�IRU�FROOHJH�DJH

VWXGHQWV��LW�LV�KDUGO\�VXUSULVLQJ�WKDW�VWXGHQWV�SUHIHU�DOWHUQDWLYHV�WR�HQJLQHHULQJ

DQG�VFLHQFH�FRXUVHV��DQG�WKDW�VWXGHQWV�UDWH�WKH�WHDFKLQJ�LQ�LQWURGXFWRU\�FRXUVHV�DV

SRRU�DQG�LQHIIHFWLYH�

(TXDOO\�GLVWXUELQJ�DUH�WKH�UHVXOWV�RI�D�UHFHQWO\�SXEOLVKHG�ORQJ�WHUP�VWXG\�ZKLFK

ILQGV�WKDW�DV�HQJLQHHULQJ�HGXFDWRUV�ZH�GR�QRW�WHDFK�HIIHFWLYH�SUREOHP�VROYLQJ�LQ�WKH

FODVVURRP ��7KLV�LV�LQ�VSLWH�RI�RXU�JRRG�HIIRUWV�GHPRQVWUDWLQJ�VDPSOH�SUREOHPV��KLJK�

UHYLHZV�E\�VWXGHQWV��DQG�DJUHHPHQW�E\�IDFXOW\�WKDW�WKH�FODVVURRP�LV�UHZDUGLQJ��7KH

VWXGHQWV�VLPSO\�FRS\�RXU�H[DPSOHV�DQG�UHJXUJLWDWH�WKHP��7KLV�REVHUYDWLRQ

FRUUHODWHV�ZLWK�16)�VXJJHVWLRQV�WKDW�PRUH�§UHDO�ZRUOG¨�H[DPSOHV�EH�LQWHJUDWHG�LQWR

HQJLQHHULQJ�FRXUVHV�DW�WKH�LQWURGXFWRU\�OHYHOV��DQG�WKDW�WHFKQRORJ\�QHHGV�WR�EH�PRUH

HIIHFWLYHO\�XVHG�ERWK�LQVLGH�DQG�RXWVLGH�RI�WKH�FODVVURRP��

)RU�\HDUV�WKHUH�KDYH�EHHQ�HIIRUWV�WR�H[SRVH�HQJLQHHULQJ�VWXGHQWV�WR�WKH�§VRIW�VNLOOV¨

UHTXLUHG�IRU�D�VXFFHVVIXO�FDUHHU��RUDO��YLVXDO��DQG�ZULWWHQ�FRPPXQLFDWLRQ�VNLOOV�

HWKLFV��EXVLQHVV�LVVXHV��OHDGHUVKLS�DQG�WHDPZRUN��2QH�UHVSRQVH�KDV�EHHQ�WR�UHTXLUH
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FRXUVHV�LQ�WKHVH�DUHDV��KRZHYHU�JLYHQ�UHFHQW�GHPDQGV�WR�UHGXFH�WKH�FRXUVHORDG�RI

VWXGHQWV�WKLV�PD\�QRW�EH�WKH�EHVW�DSSURDFK��-RKQ�0��.XFKDUVNL�FKDLUPDQ�RI�WKH

ERDUG��&(2��RI�(*	*��,QF��UHLWHUDWHG�WKHVH�FKDOOHQJHV�GXULQJ�WKH������$6((�0DLQ

3OHQDU\�EXW�DGGHG�WKH�SURYLVR��WKDW�ZH�GR�VR�ZLWKRXW�VDFULILFLQJ�WHFKQLFDO�FRQWHQW ���

7KH�&KHPLVWU\�RI�0DWHULDOV�VHTXHQFH�RULJLQDOO\�GHYHORSHG�DW�5HQVVHODHU

3RO\WHFKQLF�,QVWLWXWH �KDV�EHHQ�GHYHORSHG�WR�UHVSRQG�WR�WKHVH�QHHGV��7KLV�FRXUVH�KDV�

HYROYHG�RYHU�WKH�ODVW�HLJKW�\HDUV�LQ�UHVSRQVH�WR�WKH�FKDQJLQJ�GHPDQGV�OLVWHG�DERYH�

DQG�LV�QRZ�WDXJKW�DW�ERWK�5HQVVHODHU�DQG�9LUJLQLD�&RPPRQZHDOWK�8QLYHUVLW\�

'XULQJ�WKH�ILUVW�VHPHVWHU�WKH�VWXGHQWV�DUH�H[SRVHG�WR�FKHPLFDO�SULQFLSOHV�IRFXVLQJ

RQ�WKH�VROLG�DQG�OLTXLG�VWDWHV�DV�WKH�VFDOH�RI�LQWHUHVWV�PRYHV�IURP�WKH�PLFURVFRSLF�WR

WKH�PDFURVFRSLF ��,Q�WKH�VHFRQG�VHPHVWHU�WKHVH�FRQFHSWV�DUH�DSSOLHG�WR�WKH�VWXG\�RI�

PDWHULDOV�VFLHQFH��7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�SUHVHQW�WKH�FRQWHQW�RI�WKH�VHFRQG

VHPHVWHU�FRXUVH��ZKLFK�UHVSRQGV�WR�PDQ\�RI�WKH�LVVXHV�UDLVHG�SUHYLRXVO\�

&RXUVH�6WUXFWXUH

7KHUH�DUH�WZR�PRGHOV�XVHG�WR�GHVFULEH�WKH�LQWHUUHODWLRQVKLS�EHWZHHQ�SURFHVVLQJ�

VWUXFWXUH�SURSHUWLHV�SHUIRUPDQFH�ZKLFK�LV�WKH�EDVLV�IRU�PDWHULDOV�VFLHQFH�DQG

HQJLQHHULQJ�VWXG\��7KHVH�DUH�WKH�WHWUDKHGURQ �DQG�WKH�FKDLQ �DV�VKRZQ�LQ�)LJXUH���� �

)LJXUH����7ZR�0RGHOV�RI�,QWHUUHODWLRQVKLS�%HWZHHQ�0DWHULDOV�6FLHQFH�DQG

(QJLQHHULQJ�7RSLFV�

0DQ\�WH[WV�EHJLQ�ZLWK�DQ�LOOXVWUDWLRQ�RI�WKH�IRUPHU�DQG�H[SODLQ�WKDW�XQGHUVWDQGLQJ

PDWHULDOV�UHTXLUHV�DQ�XQGHUVWDQGLQJ�RI�WKH�FRPSOH[�UHODWLRQVKLSV�EHWZHHQ�WKHVH��,I

D�FRXUVH�LV�RUJDQL]HG�LQ�WKLV�PDQQHU�WKH�VWXGHQW�FDQ�EHFRPH�FRQIXVHG�DV�WKH\
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DWWHPSW�WR�GHWHUPLQH�ZKDW�HIIHFWV�ZKDW��7KH�FKDLQ�PRGHO�KRZHYHU�VKRZV�WKDW�WKH

SHUIRUPDQFH�RI�D�SDUW�GHSHQGV�RQ�WKH�SURSHUWLHV�RI�WKH�PDWHULDOV�XVHG�LQ�LWV�GHVLJQ�

7KHVH�SURSHUWLHV�DUH�HIIHFWHG�E\�WKH�VWUXFWXUH�RI�WKH�PDWHULDO��ZKLFK�FDQ�EH�DOWHUHG

WKURXJK�SURFHVVLQJ��$�VWXGHQW�OHDUQV�WKDW�E\�KHDW�WUHDWLQJ�D�VWHHO��WKH�XQGHUO\LQJ

VWUXFWXUH�FKDQJHV�ZKLFK�FDXVHV�WKH�PDWHULDO�WR�KDYH�GLIIHUHQW�SURSHUWLHV��6XFK�D

VHTXHQFH�RI�HYHQWV�LV�HDVLHU�IRU�XQGHUJUDGXDWHV�WR�FRPSUHKHQG�

7+(�&2856(

2XU�FRXUVH�LV�EURNHQ�LQWR�WKUHH�SKDVHV�

3KDVH�����6WUXFWXUH�DQG 3KDVH���� 3KDVH�����3URSHUW\�DQG

&RPSRVLWLRQ 3URFHVVLQJ�DQG 3HUIRUPDQFH�5HODWLRQVKLSV

6\QWKHVLV

&U\VWDOORJUDSK\ 'LIIXVLRQ (ODVWLF�'HIRUPDWLRQ�DQG�%ULWWOH

,RQLF�6ROLGV 1XFOHDWLRQ�DQG )UDFWXUH

&RPSOH[�&U\VWDO *URZWK 3ODVWLF�'HIRUPDWLRQ�RI�0HWDOV

6\VWHPV 777�'LDJUDPV 7HPSHUDWXUH�'HSHQGHQW

3RLQW�'HIHFWV $QQHDOLQJ 3URSHUWLHV

������DQG���'���'HIHFWV 6WUHQJWKHQLQJ 7LPH�'HSHQGHQW�0HFKDQLFDO

2UJDQLF�&KHPLVWU\ )DLOXUH

3RO\PHU�&KHPLVWU\ (OHFWURFKHPLVWU\

*ODVVHV�DQG�$PRUSKRXV &RUURVLRQ

0DWHULDOV� (OHFWULFDO�&RQGXFWLYLW\

3KDVH�'LDJUDPV 'LHOHFWULF�%HKDYLRU

6HPLFRQGXFWRUV

5HFWLI\LQJ�-XQFWLRQV

7UDQVLVWRUV��DQG�,QWHJUDWHG

&LUFXLWV

7KLV�RUGHU�GLIIHUV�IURP�WKH�RUGHU�RI�WRSLFV�VKRZQ�LQ�)LJXUH��E��:H�IHOW�WKDW�LW�ZDV

LPSRVVLEOH�WR�GLVFXVV�SURFHVVLQJ�EHIRUH�LQWURGXFLQJ�WKH�VWXGHQWV�WR�VWUXFWXUH�

+RZHYHU�RQH�FDQ�GLVFXVV�VWUXFWXUH�DQG�PDNH�UHIHUHQFHV�WR�WKH�PDWHULDO�SURSHUWLHV

VXFK�DV�VWUHQJWK��GXFWLOLW\�DQG�FRQGXFWLYLW\��DV�WKH�VWXGHQWV�KDYH�D�§IHHOLQJ¨�IRU

WKHVH�FRQFHSWV��,I�SHUIRUPDQFH�DQG�PDWHULDOV�VHOHFWLRQ�ZHUH�SODFHG�DW�WKH�HQG�RI�WKH

FRXUVH��LW�LV�OLNHO\�WKDW�HLWKHU�D��WKH�WRSLF�PD\�QHYHU�EH�FRYHUHG�LQ�DQ\�GHWDLO��RU�E�

WKH�VWXGHQWV�ZRXOG�EH�OHIW�DVNLQJ�§VR�ZKDW�DP�,�OHDUQLQJ�WKLV�IRU"¨�IRU�VL[�RU�PRUH

ZHHNV��

([DPLQDWLRQ�RI�WKH�FRXUVH�V\OODEXV�VKRZV�WKDW�WKH�RUGHU�RI�WRSLFV�GLIIHUV�IURP�WKH

RUGHU�IRXQG�LQ�PRVW�LQWURGXFWRU\�PDWHULDOV�WH[WV��0RVW�QRWDEO\�

� WKH�VWUXFWXUH�RI�SRO\PHUV�DQG�JODVVHV�DUH�GLVFXVVHG�DW�WKH�EHJLQQLQJ�RI
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6DPSOH�3UREOHP��

'UDZ�WKH�������SODQH�LQ�WKH�&D) �XQLW�FHOO�

D�� 'HWHUPLQH�WKH�SODQDU�GHQVLW\
RI�DWRPV�LQ�WKH�SODQH�

E�� ,GHQWLI\�GLUHFWLRQV�IURP�WKUHH
GLIIHUHQW�IDPLOLHV�ZKLFK�DUH�LQ
WKLV�SODQH�

F�� 'HWHUPLQH�WKH�OLQHDU�GHQVLW\�LQ
WKHVH�GLUHFWLRQV�

G�� +RZ�ZRXOG�\RX�H[SHFW�WKH
VROXELOLW\�RI�DWRPV�VXFK�DV�+H
LQ�&D) �WR�FRPSDUH�ZLWK�PHWDOV�

VXFK�DV�)H"

WKH�FRXUVH�ZKHQ�WKH�VWUXFWXUH�RI�FU\VWDOOLQH�VROLGV�LV�SUHVHQWHG�

� WKHUH�LV�LQWHJUDWLRQ�EHWZHHQ�WKH�FKHPLVWU\�DQG�PDWHULDOV�VFLHQFH

ZKHUH�SRO\PHUV�IROORZ�RUJDQLF�FKHPLVWU\��DQG�FRUURVLRQ�IROORZV

HOHFWURFKHPLVWU\�

� WKH�GLVFXVVLRQ�RI�GLIIXVLRQ�LV�LQFOXGHG�LQ�WKH�SURFHVVLQJ�DQG�V\QWKHVLV

SRUWLRQ�RI�WKH�FRXUVH�DQG�QRW�LPPHGLDWHO\�IROORZLQJ�WKH�GLVFXVVLRQ�RI

YDFDQFLHV�

� DQ\�GLVFXVVLRQV�RI�PDWHULDOV�VHOHFWLRQ�DUH�LQFRUSRUDWHG�LQWR�WKH

GLVFXVVLRQ�RI�UHOHYDQW�PDWHULDO�SURSHUWLHV�

,Q�WKH�GLVFXVVLRQ�ZKLFK�IROORZV�ZH�SUHVHQW�QRW�RQO\�WKH�FRQWHQW�RI�RXU�FRXUVH��EXW�E\

SURYLGLQJ�H[DPSOHV�RI�WKH�W\SLFDO�SUREOHPV�DVVLJQHG�WR�VWXGHQWV�RQ�KRPHZRUNV�

TXL]]HV��WHVWV��RU�H[DPV�LOOXVWUDWH�KRZ�WKH�FRXUVH�UHVSRQGV�WR�WKH�LVVXHV�UDLVHG

HDUOLHU��7KH�SUREOHPV�UHTXLUH�WKH�VWXGHQWV�WR�WKLQN��PDNH�GHFLVLRQV��DQG

FRPPXQLFDWH�HIIHFWLYHO\��7KH�VLPSOH�RQH�VWHS�SUREOHP��RU�HDV\�WR�JUDGH�H[DPLQDWLRQ

TXHVWLRQ�KDV�EHHQ�HOLPLQDWHG�IURP�WKLV�FRXUVH��7R�DVVLVW�WKH�VWXGHQWV�ZH�KDYH

SUHSDUHG�LQWHUQHW�DLGV�ZKLFK�VHUYH�DV�WLSV�WR�JXLGH�WKH�VWXGHQW�WKURXJK�WKH

DVVLJQPHQW ��7KLV�KDV�HQDEOHG�XV�WR�LQFRUSRUDWH�ZULWLQJ�LQWR�WKH�FRXUVH��UHTXLULQJ����

WKH�VWXGHQWV�WR�ZULWH�HIIHFWLYH�WHFKQLFDO�SDUDJUDSKV ���

6WUXFWXUH

&U\VWDOORJUDSK\�VKRXOG�H[SRVH�WKH�VWXGHQWV�WR�PRUH�WKDQ�0LOOHU�LQGLFHV�RI�SODQHV

DQG�GLUHFWLRQV��%HFDXVH�WKLV�LV�DQ�LQWURGXFWRU\�FRXUVH�UHTXLUHG�RI�DOO�HQJLQHHUV��ZH

UHVWULFW�RXU�GLVFXVVLRQ�RI�FU\VWDOORJUDSK\�WR�WKH�FXELF�FU\VWDO�V\VWHPV��VLPSOH�FXELF�

ERG\�FHQWHUHG�FXELF��IDFH�FHQWHUHG�FXELF��FHVLXP�FKORULGH��VRGLXP�FKORULGH��GLDPRQG

FXELF��]LQF�EOHQGH��FDOFLXP�IOXRULWH��DQG�EDULXP�WLWDQDWH��7KLV�SHUPLWV�WKH

GLVFXVVLRQ�RI�PHWDOV��LQWHUPHWDOOLFV��LRQLF�VROLGV��DQG�FRYDOHQW�QHWZRUN�VROLGV�

%HFDXVH�ZH�DUH�RQO\�IRFXVLQJ�RQ�FXELF�V\VWHPV�WKH�EDVLFV�RI�FU\VWDOORJUDSK\�DUH

UHLQIRUFHG��DQG�WKH�VWXGHQWV�FDQ�EH�DVNHG�WR�WKLQN�DERXW�WKH�UHVXOWV�RI�GLIIHUHQW

VWUXFWXUHV�

&RQVLGHU�6DPSOH�3UREOHP����,Q�VROYLQJ

WKLV�SUREOHP�WKH�VWXGHQWV�GR�PRUH�WKDQ

VLPSO\�GUDZ�D�FU\VWDO�VWUXFWXUH�DQG�D

SODQH��7KH\�DUH�DVNHG�WR�YHULI\�WKH

LPSRUWDQW�FU\VWDOORJUDSKLF�UHODWLRQVKLS

ZKHUH�E\�D�GLUHFWLRQ�>XYZ@�LV�LQ�WKH

SODQH��KNO��LQ�D�FXELF�V\VWHP�LII

KX�NY�OZ ���7KLV�FDQ�EH�GLVFXVVHG�LQ

FODVV��RU�RQ�D�TXL]��%\�DQVZHULQJ�SDUW

G��WKH�LPSRUWDQFH�RI�VWUXFWXUDO

GLIIHUHQFHV�DUH�HPSKDVL]HG��,Q�WKLV

FRXUVH�ZH�UHTXLUH�WKH�VWXGHQWV�WR�ZULWH

WKHLU�DQVZHUV�XVLQJ�SURSHU�(QJOLVK

P
age 3.424.5



WKXV�WKH�DQVZHU�§PRUH�WKDQ�)H¨�ZRXOG�QRW�EH�DFFHSWHG��7KXV��WKH�QRQ�WHFKQLFDO

VNLOOV�UHTXLUHG�RI�HQJLQHHUV�DUH�LQWHJUDWHG�LQWR�WKH�FRXUVH�ZLWKRXW�VDFULILFLQJ

WHFKQLFDO�YLJRU��7KLV�LV�ZKDW�LQGXVWU\�LV�GHPDQGLQJ�RI�HQJLQHHULQJ�HGXFDWRUV ��

$IWHU�WKH�VWXGHQWV�DUH�H[SRVHG�WR�FU\VWDOORJUDSK\��WKH�GLVFXVVLRQ�RI�VWUXFWXUH

EUDQFKHV��ILUVW�FU\VWDO�GHIHFWV��SRLQW��OLQH��VXUIDFH��DQG�EXON��DUH�GLVFXVVHG�DQG

IROORZLQJ�WKLV�GLVFXVVLRQ�DPRUSKRXV�VROLGV�DQG�SRO\PHUV�DUH�LQWURGXFHG��5DWKHU

WKDQ�GLVFXVV�WKH�GLIIHUHQFH�EHWZHHQ�HGJH�DQG�VFUHZ�GLVORFDWLRQV��ZH�IRFXV�RQ�KRZ

GLVORFDWLRQV�DUH�WKH�FDXVH�RI�D�PHWDOªV�DELOLW\�WR�SODVWLFDOO\�GHIRUP��%HFDXVH�RI�WKH

LQWHJUDWLRQ�ZLWK�FKHPLVWU\��WKHUPRG\QDPLFV�KDV�EHHQ�XVHG�WR�H[SODLQ�����WKH

VWDELOLW\�RI�SRLQW�GHIHFWV�����WKH�H[WUD�HQHUJ\�DVVRFLDWHG�ZLWK�GLVORFDWLRQV��VXUIDFHV�

DQG�VHFRQG�SKDVHV�DQG����WKH�VWDELOLW\�RI�VROLG�VROXWLRQV�DQG�PXOWLSOH�SKDVHV�DV

VKRZQ�LQ�ELQDU\�SKDVH�GLDJUDPV�

7KLV�RUGHU�RI�SUHVHQWDWLRQ�LQFRUSRUDWHV�D�GLVFXVVLRQ�RI�SRO\PHUV�DQG�JODVVHV�ZLWK

WKH�FU\VWDOOLQH�VROLGV��7RR�RIWHQ��SRO\PHUV�ZKLFK�DFFRXQW�IRU�D�ODUJH�SHUFHQWDJH�RI

WRGD\ªV�PDWHULDOV�DUH�GLVFXVVHG�DW�WKH�HQG�RI�WKH�FRXUVH��DQG�LQ�D�VSHFLDO�FKDSWHU�RI

WKH�WH[W��7KLV�LV�GXH�WR�WKH�HYROXWLRQ�RI�WKH�ILHOG�RI�PDWHULDOV�VFLHQFH��EXW�GRHV�QRW

PDNH�VHQVH��,I�D�VWXGHQW�LV�WR�OHDUQ�WKDW�WKH�SURSHUWLHV�RI�PDWHULDO�GHSHQG�RQ�LWV

VWUXFWXUH�DQG�FRPSRVLWLRQ��ZK\�DUH�SRO\PHUV�GLIIHUHQW�IURP�RWKHU�PDWHULDOV"�,Q�RXU

DSSURDFK�WKHUH�LV�QR�GLVMXQFW�ZKHQ�WKH�SURSHUWLHV�RI�YDULRXV�PDWHULDOV�DUH

GLVFXVVHG�

3URFHVVLQJ�DQG�6\QWKHVLV

2QH�RI�WKH�PRVW�IDVFLQDWLQJ�DVSHFWV�RI�PDWHULDOV�VFLHQFH�LV�WKDW�RQH�FDQ�FKDQJH�WKH

SURSHUWLHV�RI�D�PDWHULDO�E\�VLPSO\�FKDQJLQJ�WKH�UDWH�DW�ZKLFK�LW�FRROV�IURP�WKH�PHOW�

3URFHVVLQJ�HIIHFWV�VWUXFWXUH��0DQ\�RI�WKH�FRQFHSWV�DVVRFLDWHG�ZLWK�WKH�SURFHVVLQJ

WRSLFV�DUH�QRQ�WULYLDO�DQG�FRXQWHU�LQWXLWLYH��7KHVH�LQFOXGH

� V\VWHPV�DUH�QRW�DOZD\V�WKHUPRG\QDPLFDOO\�VWDEOH�

� DWRPV�PL[�LQ�WKH�VROLG�VWDWH��GLIIXVLRQ��

� GXULQJ�VROLGLILFDWLRQ��WKH�DWRPV�PXVW�FRDOHVFH�WR�IRUP�D�QXFOHXV�RI

FULWLFDO�VL]H�EHIRUH�EHLQJ�VWDEOH��EHORZ�WKH�PHOWLQJ�WHPSHUDWXUH

�QXFOHDWLRQ�DQG�JURZWK���DQG

� WKH�VWUHQJWK�RI�D�PDWHULDO�FDQ�EH�FKDQJHG�E\�WKHUPDO�SURFHVVLQJ

�VWUHQJWKHQLQJ��

7RR�RIWHQ��WKH�PDWKHPDWLFV�QHFHVVDU\�WR�GHYHORS�WKHVH�FRQFHSWV�DUH�LJQRUHG��6RPH

PDWKHPDWLFV�LV�QHFHVVDU\�LI�WKH�VWXGHQWV�DUH�WR�EH�SUHVHQWHG�ZLWK�PRUH�WKDQ�§MXVW

DFFHSW�LW�RQ�IDLWK¨��6LQFH�ILUVW�\HDU�HQJLQHHULQJ�VWXGHQWV�DOPRVW�DOZD\V�WDNH

FDOFXOXV��WKH�PDWKHPDWLFV�FDQ�EH�LQWHJUDWHG�LQWR�WKH�FRXUVH�DQG�DV�D�FRQVHTXHQFH

UHLQIRUFH�WKH�PDWKHPDWLFV�WKH\�DUH�OHDUQLQJ��7RROV�VXFK�DV�VSUHDGVKHHWV��DQG

V\PEROLF�PDWK�SDFNDJHV�DUH�XVHG�WR�DOORZ�WKH�VWXGHQWV�WR�DQVZHU�WKH�TXHVWLRQV�§VR�

P
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6DPSOH�3UREOHP�V���

���&RSSHU�LV�RIWHQ�DGGHG�WR�DOXPLQXP�WR�VWUHQJWKHQ�WKH�DOOR\��$W
���%&�WKH�GLIIXVLRQ�FRHIILFLHQW�IRU�$O�LQ�&X�LV����Õ�� �FP �VHF���� �

&RQVLGHU�D�SLHFH�RI�DOOR\��FP�WKLFN��$W�RQH�HQG�WKH�FRQFHQWUDWLRQ�RI
&X�LQ�$O�LV�����Z�R��$W�WKH�RWKHU�HQG�WKH�FRQFHQWUDWLRQ�LV�����Z�R��,I
WKLV�VDPSOH�LV�D�VTXDUH�VODE�ZLWK�DQ�HGJH�OHQJWK�RI��FP��FDOFXODWH
WKH�DWRPLF�IORZ�UDWH�RI�FRSSHU�DWRPV���

���+RZ�LV�WKH�FULWLFDO�UDGLXV�IRU�QXFOHDWLRQ�HIIHFWHG�E\
WUDQVIRUPDWLRQ�WHPSHUDWXUH"�3UHSDUH�D�SORW�GHWDLOLQJ�WKH�FULWLFDO
UDGLXV�DV�D�IXQFWLRQ�RI�XQGHUFRROLQJ�IRU�VHYHUDO�HQWKDOS\�FKDQJHV��

���:K\�GRHV�WKH�JUDLQ�VL]H�RI�D�VROLGLILHG�DOOR\�GHFUHDVH�DV�WKH
XQGHUFRROLQJ�LQFUHDVHV"

ZKDW¨��6DPSOH�3UREOHP�V����LOOXVWUDWHV�WKLV�SRLQW�

7R�GHWHUPLQH�WKH

DWRPLF�IORZ�UDWH�RI

FRSSHU�DWRPV��WKH

VWXGHQWV�PXVW�NQRZ

KRZ�WR�FDOFXODWH�WKH

IOX[��DQG�DSSO\�LWV

GHILQLWLRQ��+LQWV�DUH

JLYHQ�RYHU�WKH

LQWHUQHW ��7KH����

VWXGHQWV�PXVW�SUHVHQW

WKHLU�DQVZHUV�FOHDUO\

IRU�IXOO�FUHGLW��WKXV

HPSKDVL]LQJ�ZULWLQJ

DQG�FRPPXQLFDWLRQ

VNLOOV ���

2XU�GLVFXVVLRQ�RI�777�GLDJUDPV�IRFXV�RQO\�RQ�HXWHFWRLG�VWHHO��1HLWKHU�FRQWLQXRXV

FRROLQJ�FXUYHV�QRU�777ªV�IRU�K\SR�DQG�K\SHU�HXWHFWLF�VWHHOV�DUH�GLVFXVVHG�

3URSHUW\���3HUIRUPDQFH�5HODWLRQVKLSV

(QJLQHHUV�GHVLJQ�IRU�SHUIRUPDQFH��7KH�SURSHUWLHV�RI�PDWHULDOV�ZLOO�GHWHUPLQH�LI�DQ

HQJLQHHU�VHOHFWV�WKH�PDWHULDO�DQG�ZLOO�GHWHUPLQH�KRZ�WKH�ILQDO�SURGXFW�ZLOO�SHUIRUP�

,W�LV�XQUHDOLVWLF�WR�H[SHFW�ILUVW�\HDU�VWXGHQWV�WR�VHH�WKLV�FRQQHFWLRQ���,Q�WKLV�VHJPHQW

RI�WKH�FRXUVH�ZH�KRSH�WKDW�WKH�HQJLQHHULQJ�VWXGHQW�ZLOO�OHDUQ�KRZ�WR�XVH�WKH�UHVXOWV

RI�D�PDWHULDO�WHVW�LQ�RUGHU�WR�PDNH�GHVLJQ�GHFLVLRQV��7KLV�LQFOXGHV�D�GLVFXVVLRQ�RI

IDFWRU�RI�VDIHW\��\HW�ZH�DOORZ�WKH�VWXGHQW�WR�GHFLGH�RQ�WKHLU�RZQ�ZKDW�LV�DQ

DSSURSULDWH�YDOXH�IRU�D�VDIHW\�IDFWRU�¥�WKH\�ZLOO�GR�WKLV�DV�HQJLQHHUV��,Q�WKLV�FRXUVH

ZH�IRFXV�RQ�PHFKDQLFDO��FKHPLFDO��DQG�HOHFWULFDO�SURSHUWLHV��

0HFKDQLFDO�3URSHUWLHV

7KH�PHFKDQLFDO�SURSHUWLHV�RI�PHWDOV��FHUDPLFV��JODVVHV��DQG�SRO\PHUV�DUH�GLVFXVVHG

DQG�FRPSDUHG��7KH�VWXGHQWV�DUH�DVNHG�WR�H[SODLQ�WKH�UHVXOWV�RI�WKHLU�FRPSDULVRQ�E\

DSSO\LQJ�ZKDW�WKH\�OHDUQHG�LQ�WKH�ILUVW�WZR�SKDVHV�RI�WKH�FRXUVH��,Q�WZR�ZHHNV�WKH

VWXGHQWV�DUH�H[SRVHG�WR�WKH�IROORZLQJ�SURJUHVVLRQ�RI�WRSLFV��%ULWWOH�DQG�(ODVWLF

)DLOXUH��3ODVWLF�'HIRUPDWLRQ��7HPSHUDWXUH�'HSHQGHQW�3URSHUWLHV��SRO\PHUV���DQG

7LPH�'HSHQGHQW�3URSHUWLHV��,Q�FRQWUDVW�WR�PDQ\�WH[WV�ZH�GLVFXVV�EULWWOH�IUDFWXUH�

W\SLFDOO\�DVVRFLDWHG�ZLWK�FHUDPLFV��EHIRUH�GLVFXVVLQJ�WKH�JHQHUDOL]HG�VWUHVV�VWUDLQ

GLDJUDP�IRU�D�W\SLFDO�PHWDO��:H�IHHO�WKLV�SURJUHVVLRQ�DOORZV�WKH�VWXGHQWV�WR�OHDUQ

WKH�VXEMHFW�PDWWHU�LQ�UHDVRQDEOH�SRUWLRQV� P
age 3.424.7



6DPSOH�3UREOHPV����

���$�VLOLFD��TXDUW]��EDU�ZLWK�D�FURVV�VHFWLRQDO
DUHD�RI��FP �IDLOV�XQGHU�D�ORDG�RI�������1�GXH�

WR�WKH�SUHVHQFH�RI�D�FUDFN�����P�LQ�OHQJWK��

D�� $VVXPLQJ�WKH�FUDFN�WLS�UDGLXV�LV��QP�
SUHGLFW�WKH�PLQLPXP�FURVV�VHFWLRQDO
DUHD�UHTXLUHG�IRU�DQ�VLOLFD�EDU�WR
PDLQWDLQ�D�ORDG�RI�������1�ZLWKRXW
IDLOLQJ�ZKHQ�WKH�VDPSOH�KDV�FUDFNV
��P�LQ�OHQJWK�SUHVHQW�

E�� $V�D�GHVLJQ�HQJLQHHU�ZKDW
FURVV¥VHFWLRQDO�DUHD�ZRXOG�\RX�VSHFLI\
IRU�WKHVH�ORDGLQJ�FRQGLWLRQV"�([SODLQ
\RXU�DQVZHU�

���$V�DOWHUQDWLYH�PDWHULDOV�FRQVLGHU��PLOG
VWHHO��DOXPLQXP��SRO\FDUERQDWH�DW�URRP
WHPSHUDWXUH�DQG�SRO\FDUERQDWH�DW���� &�R

([SODLQ�WKH�UHDVRQV�IRU�WKH�GLIIHUHQFHV�LQ
SHUIRUPDQFH�

6DPSOH�3UREOHP��

&RQVLGHU�WKH�UXVWLQJ�RI�DQ�LURQ�QDLO�LQ�ZDWHU�

'UDZ�D�PRGHO�JDOYDQLF�FHOO�XVLQJ�3W�DV�DQ�LQHUW
HOHFWURGH��'HWHUPLQH�WKH�VWDQGDUG�FHOO
SRWHQWLDO��DQG�WKH�DQRGLF�DQG�FDWKRGLF
UHDFWLRQV�

(YDOXDWH�WKH�SUDFWLFDOLW\�RI�LQKLELWLQJ
FRUURVLRQ�RI�LURQ�E\�D��FKDQJLQJ�WKH
WHPSHUDWXUH��E��FKDQJLQJ�WKH�FRQFHQWUDWLRQ
ZLWKLQ�WKH�HOHFWURO\WH��F��XVLQJ�SRWHQWLDO
VDFULILFLDO�DQRGHV��DQG�G��RWKHU�PHWKRGV�RI�\RXU
FKRLFH�

,GHQWLI\�DQ�DFFHSWDEOH�FXUUHQW�GHQVLW\�VXFK
WKDW�D�����FP�GLDPHWHU�QDLO�ORVHV�RQO\�����RI
LWV�GLDPHWHU�LQ����\UV�

,OOXVWUDWLYH�SUREOHPV�DUH�VKRZQ�LQ

6DPSOH�3UREOHP�V�����,Q�FODVV�ZH�GHULYH

WKH�FRQGLWLRQ�IRU�FUDFN�JURZWK�DQG

EULWWOH�IDLOXUH��UHLQIRUFLQJ�D�WKH

PDWKHPDWLFV�DQG�SK\VLFDO�FRQFHSWV

XVHG�WR�GHULYH�WKH�FULWLFDO�UDGLXV�IRU�DQ

XQGHUFRROHG�VROLG��7KLV�DOORZV�RQH�WR

VKRZ�WKDW�. �LV�D�PDWHULDO�SURSHUW\��,Q,&

WKLV�SUREOHP��VWXGHQWV�DUH����JLYHQ

§H[SHULPHQWDO¨�GDWD�����DVNHG�WR

LQWHUSUHW�WKLV�GDWD�����DVNHG�WR�DSSO\

WKH�UHVXOWV�RI�WKLV�DQDO\VLV�WR�D�GHVLJQ

VLWXDWLRQ��DQG����DVNHG�WR�PDNH�GHVLJQ

GHFLVLRQV��7KH�VWXGHQWV�ZLOO�KDYH

VLPLODU�H[SHULHQFH�LQWHUSUHWLQJ

JUDSKLFDO�GDWD�LQ�WKH�IRUP�RI��WHQVLOH

WHVW�FXUYHV��FUHHS�FXUYHV��(�7��FXUYHV

IRU�SRO\PHUV��DQG�IDWLJXH�FXUYHV�

7R�PDNH�WKLV�H[SHULHQFH�VXFFHVVIXO�WKH

VWXGHQWV�DFFHVV�WR�VLPLODU�SUREOHPV�

DQG�QXPHULFDO�DQVZHUV�DUH�SURYLGHG�

IRU�WKHLU�SUDFWLFH�DQG�UHYLHZ��0RUH

LPSRUWDQWO\�E\�SURYLGLQJ�VWXGHQWV

ZLWK�QXPHULFDO�DQVZHUV�ZH�FDQ

LQFRUSRUDWH�D�WKRXJKW�TXHVWLRQ�LQWR

WKH�DVVLJQPHQW�ZKLFK�UHTXLUHV�WKH

VWXGHQWV�WR�FRPSDUH�WKH�EHKDYLRU�RI

YDULRXV�PDWHULDOV��7KH�VWXGHQWV�DUH

QRW�UHTXLUHG�WR�SHUIRUP�ILYH

FDOFXODWLRQV�EXW�DUH�VWLOO�DVNHG�WR

LQWHUSUHW�UHVXOWV�

&KHPLFDO�3URSHUWLHV

&RUURVLRQ�LV�WKH�OHDGLQJ�FDXVH�RI

PDWHULDO�IDLOXUH��'HVLJQLQJ�IRU

FRUURVLRQ�SUHYHQWLRQ��RU�FRQYHUVHO\

UHF\FODELOLW\�LV�LPSRUWDQW�IRU�DQ\

HQJLQHHU��7KLV�LV�RQH�DUHD�ZKHUH�WKH

LQWHJUDWLRQ�EHWZHHQ�FKHPLVWU\�DQG�PDWHULDOV�VFLHQFH�LV�REYLRXV��,Q�WKLV�FRXUVH�WKH

VWXGHQWV�DSSO\�WKH�FRQFHSWV�RI�HOHFWURFKHPLVWU\�WR�FRUURVLRQ��&RQVLGHU�6DPSOH

3UREOHP����WKH�VWXGHQWV�DUH�VKRZQ�WKDW�DQ\�HOHFWURFKHPLFDO�UHDFWLRQ�FDQ�EH

PRGHOHG�DV�D�JDOYDQLF�FHOO��7KH�NLQHWLFV�DVVRFLDWHG�ZLWK�FRUURVLRQ�ZKHUH�FXUUHQW

P
age 3.424.8



6DPSOH�3UREOHP�V���

���&RPSDUH�WKH�FXUUHQW�ZKLFK�ZLOO�IORZ�ZKHQ�D
YROWDJH�RI����9�LV�DSSOLHG�WR�D�FKXQN�RI�6L��FP
ORQJ���FP�LQ�GLDPHWHU�DW���� &�LI�WKH�VLOLFRQ�LVR

D��LQWULQVLF�E��GRSHG�ZLWK��� �FP �*D�DWRPV��F��� ��

GRSHG�ZLWK��� �FP �$V�DWRPV��%DVHG�RQ�WKLV�� ��

FDOFXODWLRQ�LV�WKHUH�DQ\�ZD\�WKDW�G��WKH
WHPSHUDWXUH�RI�WKH�LQWULQVLF�6L�FRXOG�EH�UDLVHG
WR�D�SRLQW�ZKHUH�WKH�FRQGXFWLYLW\�ZDV
FRPSDUDEOH�WR�HLWKHU�RI�WKH�GRSHG�YHUVLRQV��,V
LW�SRVVLEOH�WR�LQFUHDVH�WKH�DPRXQW�RI�*D�VR�WKDW
RQH�FRXOG�DFKLHYH�WKH�VDPH�SHUIRUPDQFH�DV�LQ
F��ZLWKRXW�XVLQJ�$V��,I�VR�KRZ"

���$�S�Q�MXQFWLRQ�LV�IRUPHG�E\�MRLQLQJ�6L�GRSHG
ZLWK��� �FP �$V�DWRPV�DQG�6L�GRSHG�ZLWK����� �� ��

FP �%�DWRPV��D��,GHQWLI\�WKH�S�W\SH�DQG�Q�W\SH��

UHJLRQV��E��&DOFXODWH�WKH�FRQGXFWLYLW\�LQ�HDFK
UHJLRQ��F��,Q�HDFK�FDVH�WKH�)HUPL�HQHUJ\�LV
����H9�IURP�PLG�EDQG�JDS��'UDZ�D�EDQG
GLDJUDP�VKRZLQJ�WKH�GHYLFH�EHIRUH�LW�LV�MRLQHG
DQG�DW�HTXLOLEULXP��G��&DOFXODWH�WKH�FRQWDFW
SRWHQWLDO��H��'UDZ�D�EDQG�GLDJUDP�VKRZLQJ�WKH
GHYLFH�XQGHU�IRUZDUG�ELDV��:KDW�LV�WKH
FRQGXFWLYLW\�XQGHU�IRUZDUG�ELDV"��I��'UDZ�D
EDQG�GLDJUDP�VKRZLQJ�WKH�GHYLFH�XQGHU
UHYHUVH�ELDV��:KDW�LV�WKH�FRQGXFWLYLW\�XQGHU
UHYHUVH�ELDV"�J��(VWLPDWH�WKH�EUHDNGRZQ
YROWDJH��GUDZ�D�EDQG�GLDJUDP�IRU�WKLV
FRQGLWLRQ�

IORZ�FDQ�EH�UHODWHG�WR�VSHFLHV�ORVV�LV�DOVR�GLVFXVVHG��)RU�H[DPSOH�RQH�RI�WKH�LVVXHV

WKH�VWXGHQW�PLJKW�UDLVH�LQ�SDUW�F��RI�WKHLU�HYDOXDWLRQ�LV�WKH�PDVV�RI�WKH�VDFULILFLDO

DQRGH��7KH�VWXG\�RI�HOHFWURFKHPLVWU\�LV�QRW�OLPLWHG�WR�FRUURVLRQ��EXW�DOVR�LQFOXGHV

EDWWHULHV�DQG�GHSRVLWLRQ��

(OHFWULFDO�3URSHUWLHV

$V�����RI�JUDGXDWLQJ�HQJLQHHUV�ZLOO�EH

HPSOR\HG�LQ�WKH�PLFURHOHFWURQLFV

LQGXVWU\�LW�LV�LPSRUWDQW�WKDW�HOHFWULFDO

SURSHUWLHV�RI�PDWHULDOV�EH�JLYHQ�HTXDO

ZHLJKW�ZLWK�PHFKDQLFDO�SURSHUWLHV�

7KHUH�DUH�WKUHH�DVSHFWV�RI�HOHFWULFDO

SURSHUWLHV�GLVFXVVHG��WKH�EHKDYLRU�RI

PHWDOV��LQVXODWRUV��DQG�ERWK

VHPLFRQGXFWRUV�DQG�GHYLFHV��7KH

VWXGHQWV�DUH�JLYHQ�H[HUFLVHV�VLPLODU�WR

WKRVH�VKRZQ�LQ�6DPSOH�3UREOHP�V����

9HU\�IHZ�LQWURGXFWRU\�FRXUVHV�H[SRVH

WKH�VWXGHQWV�WR�DQ\�VRUW�RI�GHVLJQ

DQDO\VLV�DVVRFLDWHG�ZLWK�S�Q�MXQFWLRQV�

%\�GRLQJ�WKLV�WKH�VWXGHQWV�FDQ�EH

H[SRVHG�WR�WUDQVLVWRUV�LQ�WKH

LQWURGXFWRU\�FRXUVH��

,Q�FRQWUDVW�WR�PDQ\�PDWHULDOV�WH[WV�WKH

EHKDYLRU�RI�VHPLFRQGXFWRUV�DQG�GHYLFHV

LV�H[SODLQHG�XVLQJ�WKH�EDQG�WKHRU\�RI

VROLGV��,Q�WKH�ILUVW�VHPHVWHU�WKH�§VHD�RI

HOHFWURQV¨�PRGHO�LV�GLVPLVVHG�DV�ZURQJ�

7KH�)HUPL�(QHUJ\��ZKLFK�PDQ\�RI�XV

ILQG�DV�DPELJXRXV�LV�SUHVHQWHG�WR�WKH

VWXGHQWV�DV�D�§JDJH¨�RI�WKH�HQHUJ\�RI

WKH�HOHFWURQV�LQ�D�PDWHULDO��$V�VXFK�WKH

SHUIRUPDQFH�RI�PHWDOV�DQG

VHPLFRQGXFWRUV�FDQ�EH�H[SODLQHG�LQ�WHUPV�RI�HOHFWURQV�UHGXFLQJ�WKHLU�HQHUJ\��7KLV

DOORZV�WKH�VWXGHQWV�WR�DSSO\�ZKDW�WKH\�KDYH�OHDUQHG�DERXW�HQHUJ\�WKURXJKRXW�WKH

WZR�FRXUVH�VHTXHQFH�WR�WKLV�WRSLF��([SODLQLQJ�WKH�UHFWLI\LQJ�EHKDYLRU�RI�D�S�Q

MXQFWLRQ�LQ�WHUPV�RI�D�GHSOHWLRQ�UHJLRQ�LV�FRQIXVLQJ��DQG�H[SODLQV�QHLWKHU�WKH

EUHDNGRZQ�SRWHQWLDO�DVVRFLDWHG�ZLWK�D�GLRGH�RU�WKH�EHKDYLRU�RI�D�WUDQVLVWRU�

',6&866,21

$OO�IHDWXUHV�RI�WKLV�FRXUVH�KDYH�EHHQ�FDUULHG�RXW�SUHYLRXVO\��EXW�WKH�FRXUVH�DV

P
age 3.424.9



��� 6KDSLQJ�WKH�)XWXUH��1HZ�([SHFWDWLRQV�IRU�8QGHUJUDGXDWH�(GXFDWLRQ�LQ�6FLHQFH�
0DWKHPDWLFV��(QJLQHHULQJ��DQG�7HFKQRORJ\��1DWLRQDO�6FLHQFH�)RXQGDWLRQ�'RFXPHQW�16)

SUHVHQWHG�LQ�WKLV�SDSHU�ZDV�WDXJKW�IRU�WKH�ILUVW�WLPH�WKLV�VSULQJ��7KH�VWXGHQW

UHVSRQVH��DV�PHDVXUHG�E\�VWXGHQW�HYDOXDWLRQV��WR�WKH�VHOHFWLRQ�RI�WRSLFV�KDV�EHHQ

SRVLWLYH�IRU�VHYHUDO�\HDUV��7KH�VWXGHQW�UHVSRQVH�WR�WKH�RUGHU�RI�WRSLFV�LV�PRUH

GLIILFXOW�WR�PHDVXUH��)HZHU�VWXGHQWV�KDYH�FRPSODLQHG�WKDW�WKH�FRXUVH�§ZDV�D

UDQGRP�FROOHFWLRQ�RI�WRSLFV¨��EXW�DV�WKLV�ZDV�QRW�DVNHG�H[SOLFLWO\�RQ�FRXUVH

HYDOXDWLRQV��DQG�WKHUHIRUH�VXFK�UHVXOWV�DUH�QRW�FRQFOXVLYH��

5HVSRQVH�WR�IURP�VWXGHQWV�DQG�IDFXOW\�WR�WKH�PRUH�GLIILFXOW�SUREOHPV�KDV�EHHQ

PL[HG��6WXGHQWV�FODLP�WKH�KRPHZRUN�LV�GLIILFXOW�DQG�FKDOOHQJLQJ��$V�H[SHFWHG�QRW

PDQ\�VWXGHQWV�FRPSODLQHG�DERXW�KRPHZRUN�EHLQJ�WRR�HDV\�LQ�WKH�SDVW��$V�WKH

FRXUVH�KDV�HYROYHG�VWXGHQW�IHHGEDFN�KDV�EHHQ�LQFUHDVLQJO\�SRVLWLYH��:H�KDYH

REVHUYHG�WKDW�WKH�VWXGHQWV�FRPH�WR�FODVV�ZLWK�TXHVWLRQV��VKRZLQJ�WKH\�KDYH�WKRXJKW

DERXW�WKH�KRPHZRUN��0RVW�VWXGHQWV�KDYH�LQGLFDWHG�WKDW�WKH\�IHHO�WKH\�DUH�OHDUQLQJ

VRPHWKLQJ�ZRUWKZKLOH��

,Q�D�ODUJH�FRXUVH��DV�DW�5HQVVHODHU�ZLWK�PXOWLSOH�LQVWUXFWRUV��XQLIRUP�VXSSRUW�KDV

QHYHU�EHHQ�DFKLHYHG��7KLV�LV�QRW�QHFHVVDULO\�GXH�WR�LQVWUXFWRUV�EHLQJ�REVWDFOHV�WR

SURJUHVV��0DQ\�IDFXOW\�VLPSO\�ZDQW�WR�EH�FRQYLQFHG�WKDW�WKH�QHZ�DSSURDFK�ZLOO

ZRUN��DQG�EHQHILWV�WKH�VWXGHQWV��7KLV�UHDFWLRQ�LV�IDLU��DQG�VKRXOG�EH�H[SHFWHG�RI

JRRG�IDFXOW\��$�IDFXOW\�PHPEHU�LQ�WKH�&KHPLVWU\�'HSDUWPHQW�DW�9&8��ZKHUH�WKLV

FRXUVH�LV�EHLQJ�LPSOHPHQWHG�IRU�WKH�ILUVW�WLPH��QRWHG�WKDW�KH�ZDV�SOHDVDQWO\

VXUSULVHG�WKH�VWXGHQWV�UHVSRQGHG�VR�ZHOO��+LV�TXRWH�LV��§:H�VHW�KLJK�VWDQGDUGV��DQG

WKH\�PHW�WKHP¨��

7KH�LQWHUQHW�KDV�EHHQ�XVHG�DV�D�NH\�SDUW�RI�WKH�FRXUVH��DQG�KDG�VWXGHQWV�QRW�KDG

DFFHVV�WR�D�ZHOO�GHYHORSHG�VHW�RI�LQWHUQHW�SDJHV�LQFRUSRUDWLQJ�WKH�PRUH�DGYDQFHG

SUREOHPV�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH��7KH�LQWHUQHW�UHVRXUFHV�ZHUH�XVHG�WR

§HQJDJH�WKH�VWXGHQWV�LQ�GLDORJ���LQ�DEVWHQWLD¨��0DQ\�VWXGHQWV�GR�QRW�GR�WKHLU

KRPHZRUN�ZKHQ�IDFXOW\�KDYH�RIILFH�KRXUV��,Q�WKLV�FRXUVH�WKH�WLPH�EHWZHHQ�FODVV

GLVFXVVLRQ�DQG�WKH�KRPHZRUN�GXH�GDWH�ZDV�VKRUW��7KHUHIRUH�WKH\�GR�QRW�NQRZ�ZKDW

WR�DVN�XQWLO��PRVW�OLNHO\��WKH�GD\�EHIRUH�WKH�DVVLJQPHQW�LV�GXH��+LQWV�SODFHG�RQ�WKH

LQWHUQHW�WRRN�WKH�IRUP�RI�SURGGLQJ�ZH�PLJKW�KDYH�GRQH�LQ�RXU�RIILFH��§WKLQN�DERXW

WKLV¨��§KHUHªV�KRZ�WR�ZULWH�D�SDUDJUDSK¨��§VRPH�LGHDV�\RX�PD\�ZDQW�WR�FRQVLGHU¨���

7KH�FRXUVH�ZLOO�FRQWLQXH�WR�HYROYH ��,W�LV�SODQQHG�WR����GHYHORS�D�VHULHV�RI�KDQGV�RQ��

ODERUDWRU\�H[SHULPHQWV�����PRUH�IXOO\�GHYHORS�WKH�SURFHVVLQJ�SRUWLRQ�RI�WKH�FRXUVH�

DQG����FUHDWH�PRUH�LQ�GHSWK�SURSHUW\�SHUIRUPDQFH�PRGXOHV�QRZ�WKDW�HDV\�WR�XVH

VRIWZDUH�LV�DYDLODEOH��$�PDQXIDFWXULQJ�H[HUFLVH�ZLOO�EH�LQFRUSRUDWHG�LQWR�WKH

SURFHVVLQJ�VHFWLRQ�QH[W�\HDU�
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�� %ORRP�%��6��DQG�.UDWKZRKO�'��5���7D[RQRP\�RI�(GXFDWLRQDO�2EMHFWLYHV��WKH�&ODVVLILFDWLRQ�RI
(GXFDWLRQDO�*RDOV��E\�D�&RPPLWWHH�RI�&ROOHJH�DQG�8QLYHUVLW\�([DPLQHUV��+DQGERRN�,�
&RJQLWLYH�'RPDLQ���/RQJPDQV��*UHHQ�1HZ�<RUN����������

�� :RRGV��'RQDOG�5��HW�DO���'HYHORSLQJ�3UREOHP�6ROYLQJ�6NLOOV���7KH�0F0DVWHU�3UREOHP�6ROYLQJ
3URJUDP�-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ��YRO������QR�������������SS��������

�� .XFKDUVNL�-��6RIWZDUH�	�7HFKQRORJ\�9LVLRQV�LQWR�WKH���VW�&HQWXU\���0DLQ�3OHQDU\�$GGUHVV��
�����$PHULFDQ�6RFLHW\�IRU�(QJLQHHULQJ�(GXFDWLRQ�&RQIHUHQFH��

�� Wnek G.  E. and Ficalora P.  J.: Relating the Macroscopic to the Microscopic - A Vital Way to
get Freshmen to Understand Chemistry; Chemtech © 1991 pp. 662-664

�� +XGVRQ�-��%��3DOPHU�0��$���6HOHFWLRQ�RI�7RSLFV�IRU�DQ�,QWHJUDWHG�0DWHULDOV�&KHPLVWU\
&RXUVH�IRU�(QJLQHHULQJ�0DMRUV��0DWHULDOV�'LYLVLRQ��$6((������&RQIHUHQFH�

�� )OHPLQJV�0��&���6DGRZD\�'��5���)URQWLHUV�RI�0DWHULDOV�(GXFDWLRQ��056�3URFHHGLQJV�Y���
������

�� /LQGHQ�%���9DQDVXSSD�/���+HLGHUVEDFK�5���7KH�6WUXFWXUH�RI�0DWHULDOV�(QJLQHHULQJ��$�1HZ
0RGHO�IRU�0DWHULDOV�(QJLQHHULQJ�&XUULFXOD��706�$QQXDO�0HHWLQJ��(GXFDWLRQ�6\PSRVLXP
�������

�� 3DOPHU�0��$���7RPR]DZD�0���+XGVRQ�-��%���0XOWLPHGLD�7HDFKLQJ�$LGV�7KURXJKRXW�WKH
0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ�&XUULFXOXP��-RXUQDO�RI�0DWHULDOV�(GXFDWLRQ�Y����������
SS���������

��� 3DOPHU�0��$���+XGVRQ�-��%���0R\QLKDQ�&��7���:QHN�*��(���8VLQJ�WKH�,QWHUQHW�LQ�D�)UHVKPDQ
(QJLQHHULQJ�&RXUVH��-RXUQDO�RI�0DWHULDOV�(GXFDWLRQ�Y����������SJ�����

��� Palmer M., Bell J: Teaching Writing Skills in a First-Year Engineering Course, Liberal
Education Division, ASEE Conference 1996�

��� +XGVRQ�-�%���6FKDGOHU�/�6���3DOPHU�0�$���0RRUH�-�$���7HDFKLQJ�)UHVKPDQ�&KHPLVWU\�DQG
0DWHULDOV�6FLHQFH�LQ�DQ�,QWHUDFWLYH�6WXGLR�0RGH��(GXFDWLRQ�6\PSRVLXP�706�6SULQJ�����
0HHWLQJ�
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0DUN�$��3DOPHU�UHFHQWO\�MRLQHG�WKH�IDFXOW\�DW�9LUJLQLD�&RPPRQZHDOWK�8QLYHUVLW\�DV�$VVLVWDQW
3URIHVVRU�RI�0HFKDQLFDO�(QJLQHHULQJ��+LV�UHVHDUFK�LQWHUHVWV�LQFOXGH�HOHFWURQLFV�PDQXIDFWXULQJ
SDUWLFXODUO\�WKH�GHYHORSPHQW�DQG�FKDUDFWHUL]DWLRQ�RI�QHZ�MRLQLQJ�PDWHULDOV��DQG�PDWHULDOV
SURFHVVLQJ��+LV�WHDFKLQJ�LQWHUHVWV�LQFOXGH�XVLQJ�HOHFWURQLF�PHGLD�WR�HQKDQFH�HQJLQHHULQJ�HGXFDWLRQ�

*DU\�(��:QHN�LV�3URIHVVRU�DQG�&KDLU�RI�&KHPLFDO�(QJLQHHULQJ�DW�9LUJLQLD�&RPPRQZHDOWK
8QLYHUVLW\��+H�KDV�EHHQ�LQYROYHG�LQ�WKH�FRPELQHG�FKHPLVWU\���PDWHULDOV�FRXUVH�IRU�QLQH�\HDUV�
RULJLQDOO\�GHYHORSLQJ�LW�DW�5HQVVHODHU�3RO\WHFKQLF�,QVWLWXWH��+LV�UHVHDUFK�LQWHUHVWV�LQFOXGH�SRO\PHUV
ZLWK�LQWHUHVWLQJ�HOHFWULFDO�DQG�RSWLFDO�SURSHUWLHV�
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VFLHQFH�DQG�GHYHORSPHQW�RI�LQWHUDFWLYH�DSSURDFKHV�WR�WKH�WHDFKLQJ�RI�0DWHULDOV�6FLHQFH�DQG
(QJLQHHULQJ�
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