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What is the intent of the graphic on the front cover?

The leaf symbolizes three things:

• the Canadian flag
• metrication
• the green plant, without which we could not survive

The atom is the fundamental particle of the natural world.
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UDWLRQDOH EHKLQG WKH WHDFKLQJ RI VFLHQFH� DQG RQ

SODQQLQJ IRU LQVWUXFWLRQ LQ VFLHQFH IRU DOO WHDFKHUV

IURP NLQGHUJDUWHQ WR JUDGH ��� 6HFWLRQV RI WKLV

GRFXPHQW ZLOO DOVR EH XVHIXO IRU DGPLQLVWUDWRUV�

WHDFKHU�OLEUDULDQV� DQG RWKHUV�

6FLHQFH ��� $Q ,QIRUPDWLRQ %XOOHWLQ IRU WKH 6HFRQGDU\

/HYHO � .H\ 5HVRXUFHV OLVWV WKH NH\ UHVRXUFHV ZKLFK

KDYH EHHQ UHFRPPHQGHG WR KHOS DFKLHYH WKH IDFWRUV

DQG REMHFWLYHV RXWOLQHG LQ WKH 6FLHQFH �� &XUULFXOXP

*XLGH� ,W LV RUJDQL]HG VR WKDW WKH UHVRXUFHV� ZLWK

SDJH RU FKDSWHU UHIHUHQFHV� DUH OLVWHG IRU HDFK WRSLF LQ

WKH &XUULFXOXP *XLGH�

6FLHQFH ��� $Q ,QIRUPDWLRQ %XOOHWLQ IRU

$GPLQLVWUDWRUV KDV LQIRUPDWLRQ UHJDUGLQJ WKH

RUJDQL]DWLRQ RI 6FLHQFH ��� DGGUHVVHV LPSOLFDWLRQV IRU

LWV LPSOHPHQWDWLRQ� DQG HQFRXUDJHV VXSSRUW IRU WKH

VFLHQFH SURJUDP�

6FLHQFH ��� $ %LEOLRJUDSK\ IRU WKH 6HFRQGDU\ /HYHO

FRQWDLQV DQ DQQRWDWHG OLVWLQJ RI UHVRXUFHV ZKLFK FDQ

EH XVHG WR HQULFK WKH 6FLHQFH �� SURJUDP DQG WR

DVVLVW LQ LPSOHPHQWLQJ UHVRXUFH�EDVHG OHDUQLQJ LQ
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WKH FODVVURRP� (DFK DQQRWDWLRQ FRQWDLQV D

UHFRPPHQGDWLRQ DERXW WKH WRSLF�V� IRU ZKLFK WKH

UHVRXUFH LV PRVW DSSURSULDWH�

7KH�)DFWRUV�RI�6FLHQWLILF

/LWHUDF\

%HIRUH XVLQJ WKLV &XUULFXOXP *XLGH� WHDFKHUV VKRXOG

EH IDPLOLDU ZLWK WKH 6FLHQFH 3URJUDP 2YHUYLHZ DQG

&RQQHFWLRQV .���� D GRFXPHQW WKDW SURYLGHV

EDFNJURXQG LQIRUPDWLRQ DERXW WKH IDFWRUV RI VFLHQWLILF

OLWHUDF\� $ OLVW RI WKH IDFWRUV� WKHLU GHILQLWLRQV� DQG

H[DPSOHV RI LQVWDQFHV LQ VFLHQFH ZKHUH WKHVH IDFWRUV

DUH LPSRUWDQW� RU FDQ EH GHYHORSHG� LV DOVR IRXQG

EHJLQQLQJ RQ SDJH �� RI WKLV &XUULFXOXP *XLGH�

1HDUO\ DOO RI WKH IDFWRUV ZKLFK KDYH EHHQ LGHQWLILHG DV

FRPSRQHQWV RI WKH 'LPHQVLRQV RI 6FLHQWLILF /LWHUDF\

FDQ EH GHYHORSHG LQ 6FLHQFH ���

'LIIHUHQW VWXGHQWV ZLOO H[KLELW YDU\LQJ GHJUHHV RI

VRSKLVWLFDWLRQ LQ GHDOLQJ ZLWK VRPH IDFWRUV RI

VFLHQWLILF OLWHUDF\� 6RPH PD\ EH DW D UXGLPHQWDU\

OHYHO LQ XQGHUVWDQGLQJ� RWKHUV ZLOO EH DGYDQFHG� 7KH

WHDFKHU ZLOO QHHG WR DGDSW WKH FRXUVH WR PHHW WKHVH

VWXGHQW YDULDWLRQV�

,Q RUGHU WR HPSKDVL]H DV PDQ\ RI WKHVH IDFWRUV DV

SRVVLEOH GXULQJ WKH FRXUVH� DQG WR FRQFHQWUDWH RQ

WKRVH OHVV ZHOO GHYHORSHG� WHDFKHUV PXVW KDYH D

WKRURXJK XQGHUVWDQGLQJ RI HDFK IDFWRU DQG H[KLELW

JRRG OHVVRQ SODQQLQJ DQG OHVVRQ UHIOHFWLRQ VNLOOV�

/HVVRQ UHIOHFWLRQ PHDQV WKDW� DW WKH HQG RI WKH OHVVRQ�

WKH WHDFKHU WKLQNV DERXW ZKDW KDSSHQHG� %DVHG RQ

DVVHVVPHQW RI VWXGHQW LQWHUHVWV� XQGHUVWDQGLQJV�

VWUHQJWKV DQG QHHGV� WKH WHDFKHU LGHQWLILHV ZKDW ZDV

FRYHUHG DQG ZKDW QHHGV PRUH ZRUN� 7KH WHDFKHU

PXVW YHULI\ WKH FRQQHFWLRQV DPRQJ WKH JRDOV� IDFWRUV

DQG REMHFWLYHV� 7KH VHFWLRQ LQ WKLV &XUULFXOXP *XLGH

RQ 8QLW 3ODQQLQJ� EHJLQQLQJ RQ SDJH ��� SURYLGHV

JHQHUDO DQG VSHFLILF LQIRUPDWLRQ UHJDUGLQJ XQLW DQG

OHVVRQ SODQQLQJ�

7KH FXUULFXOXP LQ .��� VFLHQFH LQ

6DVNDWFKHZDQ VFKRROV LV WKH DWWDLQPHQW RI WKH

IDFWRUV RI VFLHQWLILF OLWHUDF\� $WWDLQPHQW RI WKHVH

IDFWRUV LQYROYHV XQGHUVWDQGLQJ� DELOLW\� DQG

DSSUHFLDWLRQ� 7KH VFRSH DQG GHSWK RI 6FLHQFH �� LV

JXLGHG E\ WKH IDFWRUV�
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8VLQJ�7KLV�&XUULFXOXP�*XLGH

(DFK RI WKH FRUH XQLWV LQ WKLV JXLGH IROORZV D VLPLODU

VWUXFWXUH EHJLQQLQJ ZLWK WKH )DFWRUV RI 6FLHQWLILF

/LWHUDF\ :KLFK 6KRXOG %H (PSKDVL]HG� 7KH

LQWURGXFWLRQ DQG GHYHORSPHQW RI WKH IDFWRUV RI

VFLHQWLILF OLWHUDF\ IRUP WKH EDVLV IRU WKH VFLHQFH

SURJUDP IURP NLQGHUJDUWHQ WKURXJK JUDGH ��� 7KH

IDFWRUV FDQ EH WKRXJKW RI DV WKH SULPH IRXQGDWLRQDO

REMHFWLYHV IRU HDFK VFLHQFH FRXUVH� $OO RWKHU HOHPHQWV

RI WKH FXUULFXOXP VXSSRUW WKH GHYHORSPHQW RI WKHVH

IDFWRUV RI VFLHQWLILF OLWHUDF\�

7KH VHFWLRQ )DFWRUV RI 6FLHQWLILF /LWHUDF\ :KLFK

6KRXOG %H (PSKDVL]HG OLVWV WKH IDFWRUV ZKLFK

VKRXOG EH HPSKDVL]HG LQ HDFK FRUH XQLW� 7HDFKHUV DUH

IUHH WR HPSKDVL]H ZKDW WKH\ IHHO DUH WKH PRVW

DSSURSULDWH IDFWRUV LQ D XQLW� ZKHWKHU RU QRW WKH\

DSSHDU RQ WKLV OLVW� 7KLV VHFWLRQ LQGLFDWHV WKDW WKH

IDFWRUV DUH LPSRUWDQW DQG VKRXOG EH FRQVLGHUHG LQ WKH

SODQQLQJ RI HDFK XQLW� ,W LV QRW PHDQW WR UHVWULFW WKH

FRYHUDJH WR WKRVH IDFWRUV OLVWHG�

7KH )RXQGDWLRQDO 2EMHFWLYHV IRU 6FLHQFH DQG

WKH &RPPRQ (VVHQWLDO /HDUQLQJV DUH VWDWHPHQWV

RI ZKDW VWXGHQWV VKRXOG EH DEOH WR DFKLHYH LQ 6FLHQFH

��� 7KH VWDWLQJ RI REMHFWLYHV IRU WKH &RPPRQ

(VVHQWLDO /HDUQLQJV LV D UHPLQGHU WKDW RQH RI WKH

SULPDU\ IRFL RI WKH 6FLHQFH �� FXUULFXOXP LV WKH

LQFRUSRUDWLRQ RI WKH &RPPRQ (VVHQWLDO /HDUQLQJV

LQWR VFLHQFH LQVWUXFWLRQ� 7KH\ DUH GHVFULEHG DV

IRXQGDWLRQDO EHFDXVH WKH\ DUH JHQHUDO� JXLGLQJ

REMHFWLYHV� 6LQFH IRXQGDWLRQDO REMHFWLYHV LQ WKH

&RPPRQ (VVHQWLDO /HDUQLQJV DUH PHDQW WR EH

DFKLHYHG RYHU D VWXGHQW
V HQWLUH VFKRRO H[SHULHQFH�

VWXGHQWV PD\ FRPH WR VFLHQFH FODVVHV ZLWK VRPH

XQGHUVWDQGLQJ RI WKHVH FRQFHSWV� JDLQHG LQ SUHYLRXV

VFLHQFH FODVVHV DQG LQ RWKHU DUHDV RI VWXG\�

(QFRXUDJH WKH GHYHORSPHQW RI WKHLU XQGHUVWDQGLQJ RI

WKH REMHFWLYHV ZKLFK DUH OLVWHG� DQG RWKHUV ZKLFK DUH

SHUFHLYHG DV DSSURSULDWH IRU WKDW XQLW� GXULQJ WKH

VWXG\ RI VFLHQFH�

7KH IRXQGDWLRQDO REMHFWLYHV IRU VFLHQFH GHVFULEH WKH

EURDG LQWHQW RI WKH XQLW� 7KH\ DUH LQWHQGHG WR JLYH

WKH XQLW LWV IRFXV DQG VWUXFWXUH� /HDUQLQJ

2EMHFWLYHV ZKLFK ZLOO SURPRWH DFFRPSOLVKPHQW RI

HDFK IRXQGDWLRQDO REMHFWLYH FDQ EH VHOHFWHG IURP WKRVH

OLVWHG RU FDQ EH GHYHORSHG E\ WKH WHDFKHU DQG

VWXGHQWV� 7KH OHDUQLQJ REMHFWLYHV GHILQH PRUH

VSHFLILFDOO\ ZKDW ZLOO EH GHDOW ZLWK GXULQJ WKH XQLW RI

VWXG\� %\ JLYLQJ FDUHIXO FRQVLGHUDWLRQ WR WKH OHDUQLQJ

REMHFWLYHV� WKH $GDSWLYH 'LPHQVLRQ HQWHUV WKH

FODVVURRP� DQG WKH IRXQGDWLRQDO REMHFWLYHV IRU

ERWK VFLHQFH� DQG WKH &RPPRQ (VVHQWLDO /HDUQLQJV

FDQ EH DFFRPSOLVKHG�

7KHUH DUH IRXU FRUH XQLWV LQ 6FLHQFH ��� 7KH WRSLFV

ZLWKLQ WKH FRUH XQLWV VHUYH DV WKH PHDQV IRU

GHYHORSLQJ FRQWHQW� SURFHVV� DQG YDOXHV� )XOO

VFLHQWLILF OLWHUDF\ FDQQRW EH DWWDLQHG ZLWKRXW

HPSKDVLV RQ DOO RI WKHVH GRPDLQV�

6FLHQFH �� FRQVLVWV RI WKH IROORZLQJ &RUH 8QLWV�

(DUWK�(QYLURQPHQWDO 6FLHQFH� 3K\VLFDO 6FLHQFH� /LIH

6FLHQFH� DQG 6FLHQFH &KDOOHQJH� 7KH VXJJHVWHG WRSLFV

LQ WKH ILUVW WKUHH &RUH 8QLWV DUH�

�� $�� :DWHU 4XDOLW\�

�� %�� &KHPLFDO &KDQJH� DQG�

�� &�� &HOO 6WUXFWXUH DQG +XPDQ %RG\

6\VWHPV�

2QH WRSLF IURP WKH 6FLHQFH &KDOOHQJH XQLW� DQG DW

OHDVW RQH DGGLWLRQDO WRSLF IURP DQ\ FRUH XQLW PXVW EH

VHOHFWHG�
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&RXUVH�2YHUYLHZ

7KH IROORZLQJ ILJXUH LQWURGXFHV WKH RUJDQL]DWLRQ RI WKH 6FLHQFH �� SURJUDP�

)LJXUH � &RXUVH 2YHUYLHZ

&RUH 8QLWV 6XJJHVWHG 7RSLFV 0LQLPXP 7LPH

$� (DUWK�(QYLURQPHQWDO

6FLHQFH

$�� :DWHU 4XDOLW\ �� KRXUV

%� 3K\VLFDO 6FLHQFH %�� &KHPLFDO &KDQJH �� KRXUV

&� /LIH 6FLHQFH &�� &HOO 6WUXFWXUH DQG

+XPDQ %RG\ 6\VWHPV

�� KRXUV

'� 6FLHQFH &KDOOHQJH $Q\ RQH RI '�� WR '�� �� KRXUV

SOXV DW OHDVW RQH DGGLWLRQDO WRSLF

IURP WKH FRUH XQLWV

5HPDLQLQJ

$YDLODEOH

7LPH

,QVWHDG RI WKH VXJJHVWHG WRSLFV� WKH DOWHUQDWH WRSLFV

GHVFULEHG LQ HDFK FRUH XQLW PD\ EH VHOHFWHG� ,I DQ

DOWHUQDWH WRSLF LV VHOHFWHG� WKH )RXQGDWLRQDO

2EMHFWLYHV IRU 6FLHQFH DQG WKH &RPPRQ

(VVHQWLDO /HDUQLQJV DQG WKH )DFWRUV RI 6FLHQWLILF

/LWHUDF\ :KLFK 6KRXOG %H (PSKDVL]HG� PXVW EH

GHYHORSHG�

7KH GLYHUVLW\ DQG IOH[LELOLW\ RI WKLV FXUULFXOXP

HQFRXUDJHV FKDQJHV LQ WHDFKHUV
 UROHV� YDULHW\ LQ

VWXGHQW DFWLYLWLHV DQG XVH RI UHVRXUFH�EDVHG OHDUQLQJ�

6FLHQFH ��� $Q ,QIRUPDWLRQ %XOOHWLQ IRU WKH 6HFRQGDU\

/HYHO � .H\ 5HVRXUFHV SURYLGHV VXJJHVWLRQV IRU WKH XVH

RI VSHFLILF UHVRXUFHV� 6FLHQFH ��� $ %LEOLRJUDSK\ IRU

WKH 6HFRQGDU\ /HYHO SURYLGHV DQ DQQRWDWHG OLVWLQJ RI

RWKHU UHVRXUFHV ZKLFK VXSSRUW UHVRXUFH�EDVHG

OHDUQLQJ�

$Q\ VLQJOH UHVRXUFH ZLOO QRW FRYHU DOO RI WKH

FRUH XQLWV RI WKLV &XUULFXOXP *XLGH� ,QVWHDG�

WHDFKHU�VHOHFWHG DFWLYLWLHV DQG FRQWHQW IURP D

YDULHW\ RI VRXUFHV VKRXOG EH LQWHJUDWHG WR

SURGXFH D FRPSUHKHQVLYH� DFWLYLW\�EDVHG

SURJUDP�

7KH VSHFLILF FRQWHQW WDXJKW LQ WKH 6FLHQFH �� XQLWV RI

VWXG\ UHSUHVHQWV VHOHFWHG FRXUVH FRQWHQW WKDW

FROOHFWLYHO\ LV QRW DV FULWLFDO DV GHYHORSLQJ WKH EURDG

JRDOV RI VFLHQWLILF OLWHUDF\� $V LQ DOO RWKHU 6FLHQFH

FRXUVHV IURP .���� WKH PDLQ JRDO RI 6FLHQFH �� LV WR

GHYHORS WKH IDFWRUV ZLWKLQ WKH VHYHQ 'LPHQVLRQV RI

6FLHQWLILF /LWHUDF\�

7KH VHTXHQFLQJ RI WKH WRSLFV LV DW WKH GLVFUHWLRQ RI WKH

WHDFKHU� &UHDWLYH UHDUUDQJLQJ RI WKH WRSLFV LV

HQFRXUDJHG� 7KH RUGHU LQ ZKLFK WKH WRSLFV DUH

GHYHORSHG FRXOG EH PRGLILHG� RU VHYHUDO WRSLFV FRXOG EH

LQWHJUDWHG� 7KH H[DPSOHV VKRZQ VXEVHTXHQWO\� RQ

SDJH � LOOXVWUDWH D IHZ DOWHUQDWLYH DSSURDFKHV�

7KHUH DUH D YDULHW\ RI ZD\V WKDW WKH $GDSWLYH

'LPHQVLRQ FDQ EH LQFRUSRUDWHG LQWR 6FLHQFH ��� 2QH

ZD\ LV WR PRGLI\ WHDFKLQJ VWUDWHJLHV� $ VHFRQG ZD\ LV

WR XVH WLPH IRU UHPHGLDWLRQ� UHLQIRUFHPHQW� RU

HQULFKPHQW� (LWKHU PHWKRG� RU VRPH FRPELQDWLRQ RI

ERWK� LV DFFHSWDEOH� $GGLWLRQDO LGHDV DUH JLYHQ LQ

,QVWUXFWLRQDO $SSURDFKHV� $ )UDPHZRUN IRU

,QVWUXFWLRQDO 3UDFWLFH �6DVNDWFKHZDQ (GXFDWLRQ�

������ ([WHQVLRQ DFWLYLWLHV IRU WKH WRSLFV PD\ DOVR EH

LQFOXGHG DV WRSLF '�� RI WKH 6FLHQFH &KDOOHQJH &RUH

8QLW� DOORZLQJ IXUWKHU DFFRPPRGDWLRQ RI WKH $GDSWLYH

'LPHQVLRQ LQ WKH SURJUDP�
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7RSLFDO�2YHUYLHZ

&RUH 8QLW $� (DUWK�(QYLURQPHQWDO 6FLHQFH PLQLPXP RI �� KRXUV

6HOHFW DW OHDVW RQH RI�

$��� :DWHU 4XDOLW\

$��� 7KH *UHHQKRXVH (IIHFW

$��� 8UDQLXP

&RUH 8QLW %� 3K\VLFDO 6FLHQFH PLQLPXP RI �� KRXUV

6HOHFW DW OHDVW RQH RI�

%��� &KHPLFDO &KDQJH

%��� (QHUJ\ 0DQDJHPHQW

%��� 7HDFKHU 6HOHFWHG 3K\VLFDO 6FLHQFH 7RSLF

&RUH 8QLW &� /LIH 6FLHQFH PLQLPXP RI �� KRXUV

6HOHFW DW OHDVW RQH RI�

&��� &HOO 6WUXFWXUH DQG +XPDQ %RG\ 6\VWHPV

&��� )RRG $GGLWLYHV DQG +XPDQ 1XWULWLRQ

&��� 7HDFKHU 6HOHFWHG /LIH 6FLHQFH 7RSLF

&RUH 8QLW '� 6FLHQFH &KDOOHQJH PLQLPXP RI �� KRXUV

6HOHFW DW OHDVW RQH RI�

'��� ([WHQVLRQ DFWLYLWLHV IRU WKH SUHYLRXV &RUH 8QLWV

'��� 5HVHDUFK 3URMHFWV

'��� 6FLHQFH )DLU 3URMHFWV

'��� 6FLHQFH 2O\PSLFV

'��� 6FLHQFH 2XWUHDFK $FWLYLWLHV

6HOHFW DW OHDVW RQH DGGLWLRQDO WRSLF IURP WKH XQLWV IRU WKH UHPDLQLQJ DYDLODEOH WLPH�

 7RSLFV PDUNHG ZLWK DQ DVWHULVN LQ &RUH 8QLWV $� %� DQG & DUH VXJJHVWHG� 5HIHU WR WKH VHFWLRQ LQ WKLV

&XUULFXOXP *XLGH HQWLWOHG 8VLQJ 7KLV &XUULFXOXP *XLGH LI DQ\ RI WKH RWKHU WRSLFV LQ WKH FRUH XQLWV DUH

VHOHFWHG�
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0DQ\ SRVVLEOH YDULDWLRQV IRU DUUDQJLQJ WRSLFV H[LVW� 7KLV LOOXVWUDWHV WKH GLYHUVLW\ DQG IOH[LELOLW\ LQ 6FLHQFH ���

7KH H[DPSOHV ZKLFK IROORZ VKRZ VRPH SRVVLEOH ZD\V WKDW D WHDFKHU PD\ SODQ IRU WKH GHOLYHU\ RI WKH HQWLUH

FRXUVH�

([DPSOH �

$�� :DWHU 4XDOLW\ �� KRXUV

&�� &HOO 6WUXFWXUH DQG

+XPDQ %RG\ 6\VWHPV �� KRXUV

'�� 6FLHQFH )DLUV �� KRXUV

%�� &KHPLFDO &KDQJH �� KRXUV

SOXV�

$�� 8UDQLXP �� KRXUV

'�� ([WHQVLRQ DFWLYLWLHV IRU

&KHPLFDO &KDQJH &RUH 8QLW 5HPDLQLQJ 7LPH

([DPSOH �

$�� 8UDQLXP �� KRXUV

%�� 7HDFKHU 6HOHFWHG

3K\VLFDO 6FLHQFH 7RSLF �� KRXUV

&�� &HOO 6WUXFWXUH DQG

+XPDQ %RG\ 6\VWHPV �� KRXUV

'�� 5HVHDUFK 3URMHFWV �� KRXUV

SOXV�

$�� 7KH *UHHQKRXVH (IIHFW �� KRXUV

'�� 6FLHQFH 2O\PSLFV 5HPDLQLQJ 7LPH

([DPSOH �

,QWHJUDWHG XQLW� FRPELQLQJ REMHFWLYHV

IURP $�� DQG %�� �� KRXUV

&�� 7HDFKHU 6HOHFWHG /LIH

6FLHQFH 7RSLF �� KRXUV

'�� ([WHQVLRQ DFWLYLWLHV IURP

&RUH 8QLW &�� �� KRXUV

SOXV

%�� 7HDFKHU 6HOHFWHG 3K\VLFDO �� KRXUV

6FLHQFH 7RSLF

'�� 6FLHQFH 2XWUHDFK 5HPDLQLQJ 7LPH

6FKRRO GLYLVLRQV PD\ ZLVK WR FRQVLGHU ZKDW DSSURDFK

WR WRSLF VHOHFWLRQ VKRXOG EH XVHG E\ WHDFKHUV ZLWKLQ

WKH GLYLVLRQ� 1HYHUWKHOHVV� 6DVNDWFKHZDQ (GXFDWLRQ

VWURQJO\ UHFRPPHQGV WKDW WHDFKHUV EH JLYHQ D KLJK

GHJUHH RI IUHHGRP LQ GHYHORSLQJ 6FLHQFH �� WR PDNH

EHVW XVH RI WKH GLYHUVLW\ DQG IOH[LELOLW\ WKDW KDV EHHQ

GHVLJQHG LQWR WKH FXUULFXOXP�

2QH VFLHQFH OHVVRQ PD\ EH VXLWHG WR HPSKDVL]H D

ODUJH QXPEHU RI WKH IDFWRUV RI VFLHQWLILF OLWHUDF\� DQG

PDQ\ RI WKH IRXQGDWLRQDO REMHFWLYHV LQ ERWK VFLHQFH

DQG WKH &RPPRQ (VVHQWLDO /HDUQLQJV� $QRWKHU

OHVVRQ PD\ GHDO ZLWK RQO\ D IHZ IDFWRUV DQG RQH RU

WZR RI WKH IRXQGDWLRQDO REMHFWLYHV� ,Q RUGHU WR PDNH

EHVW XVH RI WKH WLPH WKH WHDFKHU KDV ZLWK WKH

VWXGHQWV� HDFK WHDFKHU VKRXOG DQDO\]H WKH OHVVRQ

EHIRUH SUHVHQWDWLRQ WR HQVXUH WKDW WKH DSSURSULDWH

IDFWRUV DQG IRXQGDWLRQDO REMHFWLYHV DUH GHYHORSHG WR

WKH PD[LPXP H[WHQW� 6FLHQFH �� LV D XQLTXH

FXUULFXOXP GHVLJQHG WR VXLW WKH YDULRXV QHHGV DQG

LQWHUHVWV RI VWXGHQWV DQG WHDFKHUV�
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$Q�676(�$SSURDFK�WR�6FLHQFH

(GXFDWLRQ

7KH 676( DSSURDFK UHFRPPHQGHG IRU 6FLHQFH ��

GLIIHUV IURP WKH ZD\ VFLHQFH KDV WUDGLWLRQDOO\ EHHQ

SUHVHQWHG� 7KH LGHDO LV WR LQWURGXFH D WRSLF IRU VWXG\

WKURXJK WKH GHVFULSWLRQ RI DQ DSSOLFDWLRQ� ,Q RUGHU WR

XQGHUVWDQG WKH VFLHQFH EHKLQG WKH DSSOLFDWLRQ�

NQRZOHGJH DQG VNLOOV PXVW EH GHYHORSHG� DORQJ ZLWK

DFWLYLWLHV ZKLFK JLYH SXUSRVH WR WKH QHZO\ DFTXLUHG

NQRZOHGJH DQG VNLOOV� $OWHUQDWLYHO\� WKH DFWLYLWLHV

PD\ LPPHGLDWHO\ IROORZ WKH GLVFXVVLRQ RI WKH DSSOLFD�

WLRQ� DQG VHUYH WR GHYHORS WKH NQRZOHGJH DQG VNLOOV

QHHGHG WR XQGHUVWDQG WKH DSSOLFDWLRQ� 7KH DUURZV RQ

)LJXUH � DUH PHDQW WR VKRZ WKH YDULHW\ RI SDWKV IURP

WKH GHVFULSWLRQ RI DQ DSSOLFDWLRQ WR WKH ILQDO

GLVFXVVLRQ�

)LJXUH �

$ 6FLHQFH�7HFKQRORJ\�6RFLHW\�(QYLURQPHQW �676(� $SSURDFK WR 6FLHQFH (GXFDWLRQ

*XLGHOLQHV�7R�8VLQJ�5HVRXUFH

0DWHULDOV

5HVRXUFHV IRU 6FLHQFH �� FDQ EH �EXQGOHG� LQWR

GLIIHUHQW SDFNDJHV� 6FLHQFH ��� $Q ,QIRUPDWLRQ

%XOOHWLQ IRU WKH 6HFRQGDU\

/HYHO � .H\ 5HVRXUFHV LGHQWLILHV UHVRXUFHV DSSURSULDWH

IRU HDFK FRUH XQLW WRSLF� 6FLHQFH ��� $ %LEOLRJUDSK\

IRU WKH 6HFRQGDU\ /HYHO SURYLGHV DQ DQQRWDWHG OLVWLQJ

RI UHVRXUFHV ZKLFK IXUWKHU VXSSRUW UHVRXUFH�EDVHG

OHDUQLQJ� 7HDFKHUV VKRXOG FRQVLGHU WKH VXJJHVWLRQV

DQG UHFRPPHQGDWLRQV LQ WKHVH GRFXPHQWV� 2WKHU

PDWHULDOV PD\ DOVR EH XVHG�

$V ZDV LQGLFDWHG HDUOLHU� QR VLQJOH UHVRXUFH

PDWFKHV WKH 6FLHQFH �� FXUULFXOXP� 7R

IDFLOLWDWH D UHVRXUFH�EDVHG DSSURDFK� WKH XVH RI

D YDULHW\ RI UHVRXUFHV LQVWHDG RI D VLQJOH

WH[WERRN LV KLJKO\ UHFRPPHQGHG�

$V QHZ UHVRXUFH PDWHULDOV EHFRPH DYDLODEOH�

,QIRUPDWLRQ %XOOHWLQV PD\ EH LVVXHG DV XSGDWHV�

7KH\ ZLOO LQGLFDWH ZKLFK QHZ UHVRXUFHV FDQ EH XVHG�

DV ZHOO DV WKRVH UHVRXUFHV WKDW DUH QR ORQJHU DYDLODEOH�

7HDFKHUV PD\ ZLVK WR H[WHQG VRPH RI WKH WRSLFV WKDW

DUH QRW VHOHFWHG IRU 6FLHQFH �� LQWR WKH �� DQG �� OHYHO

VFLHQFH FRXUVHV� 7KLV VKRXOG EH FRRUGLQDWHG ZLWKLQ

VFKRROV� 5HVRXUFHV VKRXOG EH VHOHFWHG ZLWK WKLV LQ

PLQG�

$ UHVRXUFH�EDVHG OHDUQLQJ DSSURDFK UHTXLUHV ORQJ�

WHUP SODQQLQJ DQG FRRUGLQDWLRQ ZLWKLQ D VFKRRO RU

VFKRRO GLYLVLRQ� ,Q�VFKRRO DGPLQLVWUDWRUV� WHDFKHU�

OLEUDULDQV� DQG RWKHUV QHHG WR WDNH DQ DFWLYH UROH WR

DVVLVW ZLWK WKLV SODQQLQJ�

,QVWUXFWLRQDO DSSURDFKHV ZKLFK HPSKDVL]H JURXS

ZRUN DQG GHYHORS LQGHSHQGHQW OHDUQLQJ DELOLWLHV PDNH

LW SRVVLEOH WR XWLOL]H OLPLWHG UHVRXUFHV LQ D SURGXFWLYH

ZD\�
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&RUH�&XUULFXOXP�DQG

2WKHU�,QLWLDWLYHV

&RUH &XUULFXOXP� 3ODQV IRU ,PSOHPHQWDWLRQ

�6DVNDWFKHZDQ (GXFDWLRQ� ����� GHILQHV WKH &RUH

&XUULFXOXP DV LQFOXGLQJ VHYHQ 5HTXLUHG $UHDV RI

6WXG\� WKH &RPPRQ (VVHQWLDO /HDUQLQJV� WKH

$GDSWLYH 'LPHQVLRQ� DQG /RFDOO\�'HWHUPLQHG

2SWLRQV� 6FLHQFH LV RQH RI WKH 5HTXLUHG $UHDV RI

6WXG\�

8QGHUVWDQGLQJ WKH &RPPRQ (VVHQWLDO /HDUQLQJV� $

+DQGERRN IRU 7HDFKHUV �6DVNDWFKHZDQ (GXFDWLRQ�

������ DV D IRXQGDWLRQ GRFXPHQW IRU 6DVNDWFKHZDQ

(GXFDWLRQ� GHILQHV DQG H[SDQGV RQ DQ XQGHUVWDQGLQJ

RI WKHVH HVVHQWLDO OHDUQLQJV� 2WKHU 6DVNDWFKHZDQ

(GXFDWLRQ GRFXPHQWV HODERUDWH RQ WKH FRQFHSW RI &RUH

&XUULFXOXP� 6HH WKH UHIHUHQFHV LQ WKLV &XUULFXOXP

*XLGH DQG LQ 6FLHQFH 3URJUDP 2YHUYLHZ DQG

&RQQHFWLRQV .����

,Q DGGLWLRQ WR &RUH &XUULFXOXP� DW 6DVNDWFKHZDQ

(GXFDWLRQ� WKHUH DUH RWKHU LQLWLDWLYHV� 7KHVH LQFOXGH

*HQGHU (TXLW\� ,QGLDQ DQG 0pWLV SHUVSHFWLYHV� DQG

5HVRXUFH�%DVHG /HDUQLQJ� 7KHVH LQLWLDWLYHV FDQ EH

YLHZHG DV SULQFLSOHV ZKLFK JXLGH WKH GHYHORSPHQW RI

FXUULFXOD DV ZHOO DV LQVWUXFWLRQ LQ WKH FODVVURRP� 7KH

LQLWLDWLYHV RXWOLQHG LQ WKH IROORZLQJ VWDWHPHQWV KDYH

EHHQ LQWHJUDWHG WKURXJKRXW WKH &XUULFXOXP�

7KH�$GDSWLYH�'LPHQVLRQ�LQ

,QVWUXFWLRQ

7KH DGDSWDWLRQ RI LQVWUXFWLRQ WR PHHW OHDUQHU QHHGV LV

DQ H[SHFWDWLRQ LQKHUHQW LQ WKH *RDOV RI (GXFDWLRQ

DQG LV DQ HVVHQWLDO LQJUHGLHQW RI DQ\ FRQVLGHUDWLRQ RI

,QVWUXFWLRQDO $SSURDFKHV� ,Q ,QVWUXFWLRQDO

$SSURDFKHV� $ )UDPHZRUN IRU 3URIHVVLRQDO 3UDFWLFH

�6DVNDWFKHZDQ (GXFDWLRQ� ����� WKH $GDSWLYH

'LPHQVLRQ LV GHILQHG DV�

WKH FRQFHSW RI WHDFKHUV H[HUFLVLQJ WKHLU

SURIHVVLRQDO MXGJHPHQW WR GHYHORS DQ

LQWHJUDWHG SODQ WKDW HQFRPSDVVHV

FXUULFXODU DQG LQVWUXFWLRQDO DGMXVWPHQWV WR

SURYLGH DQ DSSURSULDWH HGXFDWLRQ WKDW LV

LQWHQGHG WR SURPRWH RSWLPXP VXFFHVV IRU

HDFK FKLOG�

7KH FRQWLQXXP RI FXUULFXODU SURJUDPV DXWKRUL]HG E\

6DVNDWFKHZDQ (GXFDWLRQ � 5HJXODU� 7UDQVLWLRQDO� DQG

$OWHUQDWLYH 3URJUDPV � UHFRJQL]HV WKH QHHG IRU

YDULDWLRQ LQ FXUULFXOXP FRQWHQW DQG GHOLYHU\

PHFKDQLVP� 7KH FRQWLQXXP LQGLFDWHV WKDW ZLWKLQ

HDFK SURJUDP� DQG WKHUHIRUH ZLWKLQ HDFK FRXUVH RI

VWXG\� DGDSWDWLRQ LV UHTXLUHG� 7HDFKHUV DUH

HPSRZHUHG WR DGMXVW WKH FXUULFXOXP FRQWHQW LQ RUGHU

WR PHHW VWXGHQW QHHGV� DV SURIHVVLRQDOV WKH\ PXVW

HQVXUH WKDW WKH LQVWUXFWLRQDO DSSURDFKHV DUH DOVR

DGDSWHG� 7KLV LPSOLHV WKDW WHDFKHUV KDYH DW WKHLU

�ILQJHUWLSV� D EURDG� VWURQJ UHSHUWRLUH RI LQVWUXFWLRQDO

VWUDWHJLHV� PHWKRGV� DQG VNLOOV DQG WKDW FRQVFLRXV

SODQQLQJ WDNHV SODFH WR DGDSW WKHVH DSSURDFKHV WR

PHHW VWXGHQW QHHGV�

7KH FXHV WKDW VRPH VWXGHQWV
 QHHGV DUH QRW EHLQJ

DGHTXDWHO\ PHW FRPH IURP D YDULHW\ RI VRXUFHV� 7KH\

PD\ FRPH WR WKH SHUFHSWLYH WHDFKHU DV D UHVXOW RI

PRQLWRULQJ IRU FRPSUHKHQVLRQ GXULQJ D OHVVRQ� 7KH

FXH PD\ FRPH IURP D XQLW WHVW� RU IURP D VWXGHQW QHHG

RU EDFNJURXQG GHILFLHQF\ WKDW KDV EHHQ UHFRJQL]HG IRU

VHYHUDO \HDUV� $ VWXGHQW
V GHPRQVWUDWHG NQRZOHGJH

RI� RU LQWHUHVW LQ� D SDUWLFXODU WRSLF PD\ LQGLFDWH WKDW

HQULFKPHQW LV DSSURSULDWH� 7KH DGDSWDWLRQ UHTXLUHG

PD\ YDU\ IURP SUHVHQWLQJ WKH VDPH FRQWHQW WKURXJK D

VOLJKWO\ GLIIHUHQW LQVWUXFWLRQDO PHWKRG� WR PRGLI\LQJ

WKH FRQWHQW EHFDXVH RI D NQRZQ LQIRUPDWLRQ

EDFNJURXQG GHILFLW RU WR HVWDEOLVKLQJ DQ LQGLYLGXDO RU

VPDOO JURXS HQULFKPHQW DFWLYLW\� 7KH GXUDWLRQ RI WKH

DGDSWDWLRQ PD\ UDQJH IURP ILYH PLQXWHV RI LQGLYLGXDO

DVVLVWDQFH� WR SODFHPHQW RI WKH VWXGHQW LQ DQ

DOWHUQDWLYH RU HQULFKPHQW SURJUDP� 7KH GLDJQRVLV RI

WKH QHHG PD\ EH KDQGOHG DGHTXDWHO\ E\ WKH FODVVURRP

WHDFKHU� RU PD\ UHTXLUH WKH H[SHUWLVH RI RWKHU VXSSRUW

VSHFLDOLVWV VXFK DV WKH VFKRRO
V UHVRXUFH WHDFKHU RU WKH

UHJLRQDO FRRUGLQDWRU � VSHFLDO HGXFDWLRQ�

7KH UHFRJQLWLRQ RI WKH QHHG IRU DGDSWLYH LQVWUXFWLRQ LV

GHSHQGHQW XSRQ WKH SURIHVVLRQDO MXGJHPHQW RI WKH

WHDFKHU� 7KH GHFLVLRQ WR LQLWLDWH DGDSWLYH SUDFWLFHV

PXVW EH DQ LQIRUPHG RQH� :KLOH WKH SUDFWLFH RI

DGDSWLQJ LQVWUXFWLRQ PD\ RFFXU WKURXJK WKH

SODFHPHQW RI VWXGHQWV LQ SURJUDPV RWKHU WKDQ WKRVH

GHILQHG DV UHJXODU� WKH PRVW IUHTXHQW DSSOLFDWLRQ RI

WKH $GDSWLYH 'LPHQVLRQ ZLOO RFFXU DV WHDFKHUV LQ

UHJXODU FODVVURRP VHWWLQJV DGMXVW WKHLU XVH RI ERWK

FRQWHQW DQG LQVWUXFWLRQDO DSSURDFKHV�

,QVWUXFWLRQDO $SSURDFKHV� $ )UDPHZRUN IRU

3URIHVVLRQDO 3UDFWLFH LGHQWLILHV D KLHUDUFK\ RI

DSSURDFKHV � PRGHOV� VWUDWHJLHV� PHWKRGV� DQG VNLOOV�

7KH IRXU EDVLFPRGHOV RI LQVWUXFWLRQ GR QRW FKDQJH�

ZKHWKHU XVHG LQ D �UHJXODU� FODVV VHWWLQJ� RU ZLWK D

VPDOO JURXS DV DQ DGDSWLYH DSSURDFK� 7KH VWUDWHJLHV�

PHWKRGV� DQG VNLOOV PD\ EH DOWHUHG RU DGDSWHG� +HQFH

D IUDPHZRUN IRU LQVHUYLFH� LQYHVWLJDWLRQ� DQG
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GLVFXVVLRQ DPRQJ SURIHVVLRQDOV KDV EHHQ HVWDEOLVKHG�

7KH IOH[LELOLW\ LQKHUHQW LQ WKH 6FLHQFH �� FXUULFXOXP

DFFRPPRGDWHV WKH $GDSWLYH 'LPHQVLRQ� 6FLHQFH

WHDFKHUV ZLOO KDYH WR WDNH DGYDQWDJH RI DQG FUHDWH

LQVHUYLFH RSSRUWXQLWLHV WR DGMXVW WKHLU UHSHUWRLUH RI

LQVWUXFWLRQDO VWUDWHJLHV� PHWKRGV� DQG VNLOOV�

&RPPRQ�(VVHQWLDO�/HDUQLQJV

6FLHQFH RIIHUV PDQ\ RSSRUWXQLWLHV IRU LQFRUSRUDWLQJ

WKH &RPPRQ (VVHQWLDO /HDUQLQJV LQWR LQVWUXFWLRQ�

7KH SXUSRVH RI WKLV LQFRUSRUDWLRQ LV WR KHOS VWXGHQWV

EHWWHU XQGHUVWDQG WKH VXEMHFW PDWWHU XQGHU VWXG\ DQG

WR EHWWHU SUHSDUH VWXGHQWV IRU WKHLU IXWXUH OHDUQLQJ

ERWK ZLWKLQ DQG RXWVLGH WKH .��� HGXFDWLRQDO V\VWHP�

7KH GHFLVLRQ WR IRFXV RQ D SDUWLFXODU &RPPRQ

(VVHQWLDO /HDUQLQJ ZLWKLQ D OHVVRQ LV JXLGHG E\ WKH

QHHGV DQG DELOLWLHV RI LQGLYLGXDO VWXGHQWV DQG E\ WKH

SDUWLFXODU GHPDQGV RI WKH VXEMHFW DUHD� 7KURXJKRXW D

FRUH XQLW� LW LV LQWHQGHG WKDW WKH )RXQGDWLRQDO

2EMHFWLYHV IRU WKH &RPPRQ (VVHQWLDO /HDUQLQJV

ZLOO KDYH EHHQ GHYHORSHG WR WKH H[WHQW SRVVLEOH�

UHJDUGOHVV RI WKH WRSLFV VHOHFWHG�

,W LV LPSRUWDQW WR LQFRUSRUDWH WKH )RXQGDWLRQDO

2EMHFWLYHV IRU WKH &RPPRQ (VVHQWLDO /HDUQLQJV

LQ DQ DXWKHQWLF PDQQHU� )RU H[DPSOH� VRPH WRSLFV

PD\ RIIHU PDQ\ RSSRUWXQLWLHV WR GHYHORS WKH XQGHU�

VWDQGLQJV� YDOXHV� VNLOOV� DQG SURFHVVHV UHODWHG WR D

QXPEHU RI WKH IRXQGDWLRQDO REMHFWLYHV� 7KH

GHYHORSPHQW RI D SDUWLFXODU IRXQGDWLRQDO REMHFWLYH�

KRZHYHU� PD\ EH OLPLWHG E\ WKH QDWXUH RI WKH VXEMHFW

PDWWHU XQGHU VWXG\�

,W LV LQWHQGHG WKDW WKH &RPPRQ (VVHQWLDO /HDUQLQJV

EH GHYHORSHG DQG HYDOXDWHG ZLWKLQ VXEMHFW DUHDV�

7KHUHIRUH� )RXQGDWLRQDO 2EMHFWLYHV IRU WKH

&RPPRQ (VVHQWLDO /HDUQLQJV DUH LQFOXGHG LQ WKH

LQWURGXFWRU\ VHFWLRQ RI HDFK FRUH XQLW LQ WKLV

&XUULFXOXP *XLGH� 6LQFH WKH &RPPRQ (VVHQWLDO

/HDUQLQJV DUH QRW QHFHVVDULO\ VHSDUDWH DQG GLVFUHWH

FDWHJRULHV� LW LV DQWLFLSDWHG WKDW ZRUNLQJ WRZDUG WKH

DFKLHYHPHQW RI RQH IRXQGDWLRQDO REMHFWLYH PD\

FRQWULEXWH WR WKH GHYHORSPHQW RI RWKHUV� )RU H[DPSOH�

PDQ\ RI WKH SURFHVVHV� VNLOOV� XQGHUVWDQGLQJV� DQG

DELOLWLHV UHTXLUHG IRU WKH &RPPRQ (VVHQWLDO

/HDUQLQJV RI &RPPXQLFDWLRQ� 1XPHUDF\� DQG &ULWLFDO

DQG &UHDWLYH 7KLQNLQJ DUH DOVR QHHGHG IRU WKH

GHYHORSPHQW RI 7HFKQRORJLFDO /LWHUDF\�

,QFRUSRUDWLQJ WKH &RPPRQ (VVHQWLDO /HDUQLQJV LQWR

LQVWUXFWLRQ KDV LPSOLFDWLRQV IRU WKH DVVHVVPHQW RI

VWXGHQW OHDUQLQJ� $VVHVVPHQW LQ D XQLW ZKLFK KDV

IRFXVHG RQ GHYHORSLQJ WKH &RPPRQ (VVHQWLDO

/HDUQLQJV RI &RPPXQLFDWLRQ DQG &ULWLFDO DQG

&UHDWLYH 7KLQNLQJ VKRXOG UHIOHFW WKLV IRFXV�

$VVHVVPHQW VWUDWHJLHV FDQ DOORZ VWXGHQWV WR

GHPRQVWUDWH WKHLU XQGHUVWDQGLQJ RI WKH LPSRUWDQW

FRQFHSWV LQ WKH XQLW DQG KRZ WKHVH FRQFHSWV DUH

UHODWHG WR HDFK RWKHU DQG WR SUHYLRXV OHDUQLQJ�

4XHVWLRQV FDQ EH VWUXFWXUHG VR WKDW HYLGHQFH RU

UHDVRQV PD\ DFFRPSDQ\ VWXGHQW H[SODQDWLRQV� ,I

VWXGHQWV DUH HQFRXUDJHG WR WKLQN FULWLFDOO\ DQG FUH�

DWLYHO\ WKURXJKRXW D XQLW� WKHQ WKH DVVHVVPHQW

VWUDWHJLHV IRU WKH XQLW VKRXOG DOVR UHTXLUH VWXGHQWV WR

WKLQN FULWLFDOO\ DQG FUHDWLYHO\�

,W LV DQWLFLSDWHG WKDW WHDFKHUV ZLOO EXLOG IURP WKH

VXJJHVWLRQV LQ WKLV &XUULFXOXP *XLGH DQG IURP WKHLU

SHUVRQDO UHIOHFWLRQV LQ RUGHU WR EHWWHU LQFRUSRUDWH WKH

&RPPRQ (VVHQWLDO /HDUQLQJV LQWR WKH WHDFKLQJ RI

VFLHQFH�

7KURXJKRXW WKLV &XUULFXOXP *XLGH� WKH IROORZLQJ

V\PEROV DUH XVHG WR UHIHU WR WKH &RPPRQ (VVHQWLDO

/HDUQLQJV�

&20 &RPPXQLFDWLRQ

&&7 &ULWLFDO DQG &UHDWLYH 7KLQNLQJ

,/ ,QGHSHQGHQW /HDUQLQJ

180 1XPHUDF\

3696 3HUVRQDO DQG 6RFLDO 9DOXHV DQG 6NLOOV

7/ 7HFKQRORJLFDO /LWHUDF\

,QFRUSRUDWLQJ�WKH�&RPPRQ

(VVHQWLDO�/HDUQLQJV

7KH VFLHQFH FXUULFXOXP IURP .LQGHUJDUWHQ WR JUDGH ��

LQYROYHV WKH GHYHORSPHQW RI WKH IDFWRUV ZLWKLQ WKH

'LPHQVLRQV RI 6FLHQWLILF /LWHUDF\� 7KH PDLQ JRDO LV WR

SURPRWH DQ LQWHUHVW LQ DQG DQ XQGHUVWDQGLQJ RI

VFLHQFH�

7KH &RPPRQ (VVHQWLDO /HDUQLQJV VKRXOG EH SODQQHG

DQG GHYHORSHG ZLWKLQ WKH FRQWH[W RI JRRG VFLHQFH

OHVVRQV� $V OHVVRQ SODQQLQJ LV WDNLQJ SODFH�

FRQVLGHUDWLRQ VKRXOG EH JLYHQ WR KRZ WR LQFRUSRUDWH

WKH &RPPRQ (VVHQWLDO /HDUQLQJV� 7KH )DFWRUV RI

6FLHQWLILF /LWHUDF\ :KLFK 6KRXOG %H

(PSKDVL]HG� DQG WKH )RXQGDWLRQDO 2EMHFWLYHV

IRU 6FLHQFH DQG WKH &RPPRQ (VVHQWLDO

/HDUQLQJV RXWOLQHG DW WKH EHJLQQLQJ RI HDFK FRUH

XQLW� SURYLGH DSSURSULDWH VWDUWLQJ SRLQWV LQ SODQQLQJ�
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6FLHQFH�7HFKQRORJ\�6RFLHW\�(QYLURQPHQW ,QWHU�

UHODWLRQVKLSV �'LPHQVLRQ '� KHOS WR GHYHORS

7HFKQRORJLFDO /LWHUDF\� $OO HOHYHQ IDFWRUV ZLWKLQ

'LPHQVLRQ ' DUH GHYHORSLQJ E\ JUDGH ��� 7HFKQRORJ\�

DV LW LV GHYHORSHG ZLWKLQ WKLV 'LPHQVLRQ� LV VWXGLHG

ZLWKLQ D VRFLDO FRQWH[W� 7KH FRQQHFWLRQV EHWZHHQ

VFLHQFH DQG WHFKQRORJ\ DUH HODERUDWHG� )XUWKHUPRUH�

WKH LPSDFW WKDW WHFKQRORJ\ KDV RQ VRFLHW\� RQ VFLHQFH�

DQG RQ WKH HQYLURQPHQW LV GHYHORSHG� 7HFKQRORJ\ LV

GHILQHG DV PRUH WKDQ WKH JDGJHWV DQG JL]PRV WKDW DUH

RIWHQ WKH RQO\ WKLQJV DVVRFLDWHG ZLWK LW� 0RVW RI WKH

WRSLFV ZLWKLQ WKH FRUH XQLWV RI 6FLHQFH �� KHOS WR

GHYHORS 7HFKQRORJLFDO /LWHUDF\�

6FLHQWLILF DQG 7HFKQLFDO 6NLOOV �'LPHQVLRQ (� DOVR

KHOSV WR GHYHORS 7HFKQRORJLFDO /LWHUDF\� 0DQ\

VFLHQWLILF DQG WHFKQLFDO VNLOOV LQ XVH WRGD\ H[LVW

EHFDXVH RI PDWHULDOV DQG LQVWUXPHQWV ZKLFK KDYH

EHHQ GHYHORSHG WKURXJK DGYDQFHV LQ WHFKQRORJ\� 7KH

LPSDFW WKDW WKHVH QHZ WKLQJV KDYH RQ RXU OLYHV DQG RQ

WKH HQYLURQPHQW LV YHU\ LPSRUWDQW�

1XPHUDF\ FDQ EH GHYHORSHG WKURXJK YDULRXV IDFWRUV RI

VFLHQWLILF OLWHUDF\ ZKLFK DUH OLQNHG FORVHO\ ZLWK WKLV

&RPPRQ (VVHQWLDO /HDUQLQJ� 6RPH RI WKHVH LQFOXGH

WKH HPSLULFDO QDWXUH RI VFLHQFH �$��� TXDQWLILFDWLRQ

�%��� SUREDELOLW\ �%���� DFFXUDF\ �%���� PHDVXULQJ

�&��� XVLQJ QXPEHUV �&��� XVLQJ PDWKHPDWLFV �&����

DQG XVLQJ TXDQWLWDWLYH UHODWLRQVKLSV �(���� 7R

DQ\RQH ZKR XQGHUVWDQGV VFLHQFH� WKH LPSRUWDQFH RI

1XPHUDF\ LV UHDGLO\ DSSDUHQW�

3UREOHP VROYLQJ FDQ OHQG LWVHOI WR GHYHORSLQJ

1XPHUDF\� $Q\ RWKHU TXDQWLWDWLYH DSSOLFDWLRQV� RI

ZKLFK WKHUH DUH PDQ\� IXUWKHU GHYHORS WKLV &RPPRQ

(VVHQWLDO /HDUQLQJ� 6WXGHQWV VKRXOG EH JLYHQ PDQ\

RSSRUWXQLWLHV WR GHYHORS ZD\V LQ ZKLFK TXDQWLWLHV FDQ

EH PHDVXUHG� UHFRUGHG� PDQLSXODWHG� DQDO\]HG� DQG

LQWHUSUHWHG� 6LPSO\ SOXJJLQJ QXPEHUV LQWR REVFXUH

IRUPXODH LV QRW QHDUO\ HQRXJK� 6WXGHQWV PXVW

DSSUHFLDWH WKH LPSRUWDQFH RI QXPHULF LQIRUPDWLRQ LQ

WKH ZRUOG RI VFLHQFH� 5HODWHG VNLOOV VXFK DV

HVWLPDWLQJ DQG DSSUR[LPDWLQJ� URXQGLQJ RII�

JUDSKLQJ� WDEXODWLQJ� FDOFXODWLQJ� XVLQJ VLJQLILFDQW

ILJXUHV DQG VFLHQWLILF QRWDWLRQ� FDQ EH GHYHORSHG LQ

6FLHQFH ���

6SHFLILF IDFWRUV UHODWLQJ WR WKH &RPPRQ (VVHQWLDO

/HDUQLQJ RI &RPPXQLFDWLRQ DUH QRW DV HDV\ WR

LGHQWLI\� ZLWK WKH QRWDEOH H[FHSWLRQ RI FRPPXQLFDWLQJ

�&��� 7KH SXEOLF�SULYDWH QDWXUH RI VFLHQFH �$��

UHYHDOV WKH XQGHUO\LQJ LPSRUWDQFH RI FRPPXQLFDWLRQ

LQ VFLHQFH� 6FLHQWLVWV VKDUH WKHLU GLVFRYHULHV ZLWK

RWKHUV� 7KLV LQYROYHV WKH XVH RI ODQJXDJH

DQG RI ZULWWHQ DQG YHUEDO FRPPXQLFDWLRQ� :KHQ

VWXGHQWV H[SORUH LPSRUWDQW VFLHQWLILF SULQFLSOHV� DQG

GLVFXVV WKHLU XQGHUVWDQGLQJV RUDOO\ RU LQ ZULWLQJ�

XVLQJ WKHLU RZQ ODQJXDJH� WKHLU DELOLW\ WR

FRPPXQLFDWH HYROYHV� 6NLOOV ZKLFK KHOS WR SURPRWH

DQG GHYHORS HIIHFWLYH FRPPXQLFDWLRQ QHHG WR EH

UHLQIRUFHG� 7KH\ DUH LPSRUWDQW DVSHFWV RI D JRRG

VFLHQFH SURJUDP�

9DOXHV WKDW 8QGHUOLH 6FLHQFH �'LPHQVLRQ )� DQG

6FLHQFH�5HODWHG ,QWHUHVWV DQG $WWLWXGHV �'LPHQVLRQ

*� KHOS WR GHYHORS 3HUVRQDO DQG 6RFLDO 9DOXHV DQG

6NLOOV� $WWDLQLQJ WKH IDFWRUV LQ WKHVH WZR 'LPHQVLRQV

RI 6FLHQWLILF /LWHUDF\ FDQ OHDG WR SRVLWLYH DWWLWXGHV

DERXW VFLHQFH� 7KHVH 'LPHQVLRQV LQYROYH WKH DIIHFWLYH

GRPDLQ� 2WKHU IDFWRUV� VXFK DV ZRUNLQJ FRRSHUDWLYHO\

ZLWK RWKHUV �&��� VFLHQWLVWV DQG WHFKQRORJLVWV DUH

KXPDQ �'��� DQG WKH KXPDQ�FXOWXUH UHODWHG QDWXUH RI

VFLHQFH �$��� IXUWKHU KHOS WR GHYHORS 3HUVRQDO DQG

6RFLDO 9DOXHV DQG 6NLOOV�

$Q DFWLYLW\�RULHQWHG VFLHQFH SURJUDP ZLOO GHYHORS

FULWLFDO DQG FUHDWLYH WKLQNHUV� $PRQJ RWKHU WKLQJV�

VFLHQWLILF LQTXLU\ LQYROYHV K\SRWKHVL]LQJ �&���

GHVLJQLQJ H[SHULPHQWV �&���� REVHUYLQJ DQG

GHVFULELQJ �&��� LQIHUULQJ �&��� DUULYLQJ DW FRQFOXVLRQV�

IRUPXODWLQJ VFLHQWLILF ODZV� GHYHORSLQJ RU WHVWLQJ

WKHRULHV� HWF� 7KHVH NLQGV RI DFWLYLWLHV UHTXLUH KLJKHU

OHYHO WKLQNLQJ�

6FLHQFH &KDOOHQJH� &RUH 8QLW ' RI WKH 6FLHQFH ��

SURJUDP� VXSSRUWV &ULWLFDO DQG &UHDWLYH 7KLQNLQJ�

7KH HPSKDVLV RQ SUDFWLFDO DSSOLFDWLRQV RI VFLHQFH

DOORZV VWXGHQWV WR PDNH PHDQLQJIXO FRQQHFWLRQV ZLWK

WKH UHDO ZRUOG� WUDQVIHUULQJ WKHLU XQGHUVWDQGLQJ RI

VFLHQFH WR WKLQJV ZKLFK PDNH WKHLU OHDUQLQJ UHOHYDQW�

3UREOHP VROYLQJ DFWLYLWLHV DQG FODVVURRP RXWUHDFK

IXUWKHU GHYHORS WKH NQRZOHGJH� YDOXHV� VNLOOV� DQG

SURFHVVHV UHODWHG WR &ULWLFDO DQG &UHDWLYH 7KLQNLQJ�

&RQVLGHULQJ FRQWURYHUVLDO LVVXHV LQ VFLHQFH DOVR OHDGV

VWXGHQWV WR GHYHORS &ULWLFDO DQG &UHDWLYH 7KLQNLQJ

DELOLWLHV ZKHQ WKH\ DQDO\]H FRQIOLFWLQJ YDOXH SRVLWLRQV�

$V WKH\ GHYHORS D NQRZOHGJH EDVH DQG EHJLQ WR IRUP

WKHLU RZQ YDOXH SRVLWLRQV� 3HUVRQDO DQG 6RFLDO 9DOXHV

DQG 6NLOOV DUH GHYHORSHG�

,QGHSHQGHQW /HDUQLQJ FDQ DOVR EH GHYHORSHG ZHOO LQ

6FLHQFH �� EHFDXVH RI WKH HPSKDVLV EHLQJ SODFHG RQ

YDULHW\ LQ LQVWUXFWLRQDO DSSURDFKHV� %\ SODFLQJ OHVV

HPSKDVLV RQ WUDGLWLRQDO OHFWXUH SUHVHQWDWLRQV�

WHDFKHUV WUDQVIHU PRUH RI WKH UHVSRQVLELOLW\ IRU

OHDUQLQJ IURP WKHPVHOYHV WR WKHLU VWXGHQWV� 7KH

VWXGHQW DVVXPHV D PRUH DFWLYH UROH LQ WKH FODVVURRP
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H[SHULHQFH� 7KH WHDFKHU DVVXPHV WKH UROH RI WKH

OHDUQLQJ IDFLOLWDWRU�

7KH 6FLHQFH &KDOOHQJH &RUH 8QLW KDV SRWHQWLDO IRU

GHYHORSLQJ ,QGHSHQGHQW /HDUQLQJ� %\ SXUVXLQJ WRSLFV

RI LQWHUHVW� ZLWK GLUHFWLRQ DQG HQFRXUDJHPHQW IURP

WKHLU WHDFKHUV� VWXGHQWV FDQ EHFRPH KLJKO\ PRWLYDWHG

DQG HQWKXVLDVWLF DERXW VFLHQFH� 7KH

(DUWK�(QYLURQPHQWDO 6FLHQFH &RUH 8QLW� RU RWKHU

WRSLFV LQ WKH FRXUVH RI FRQWHPSRUDU\ LQWHUHVW� UHTXLUH

WKDW VWXGHQWV NHHS XS WR GDWH ZLWK FXUUHQW DIIDLUV�

7KH\ PD\ QHHG WR GR LQGHSHQGHQW VWXG\� XVLQJ D ZLGH

YDULHW\ RI UHVRXUFHV DQG GLIIHUHQW W\SHV RI PHGLD� WR

LQYHVWLJDWH WRSLFV RI FXUUHQW LQWHUHVW� 7KLV OHQGV LWVHOI

ZHOO WR UHVRXUFH�EDVHG OHDUQLQJ� $V VWXGHQWV H[DPLQH

LVVXHV DQG QRWLFH WKH HIIHFWV WKDW FRPSHWLQJ DQG

FRQIOLFWLQJ SRLQWV RI YLHZ KDYH RQ VKDSLQJ WKRVH

LVVXHV� DQ DSSUHFLDWLRQ RI WKH VRFLDO LPSDFW RI VFLHQFH

ZLOO OLNHO\ HPHUJH� 0DNLQJ WKHVH FRQQHFWLRQV KHOSV

VWXGHQWV UHFRJQL]H WKDW OHDUQLQJ WDNHV SODFH

WKURXJKRXW OLIH� FRQWLQXLQJ DIWHU IRUPDO VFKRROLQJ KDV

HQGHG�

:KLOH VRPH VFLHQFH FRQWHQW FDQ EH LGHQWLILHG ZLWK

VSHFLILF &RPPRQ (VVHQWLDO /HDUQLQJV� TXLWH RIWHQ LW

FDQ QRW� 7KH &RPPRQ (VVHQWLDO /HDUQLQJV GHYHORSHG

LQ DQ\ JLYHQ OHVVRQ GR QRW GHSHQG RQ FRQWHQW DV PXFK

DV WKH\ GR RQ SURFHVV� 7KH WHDFKLQJ VWUDWHJLHV

VHOHFWHG� WKURXJK FDUHIXO XQLW DQG OHVVRQ SODQQLQJ�

DUH ZKDW GHWHUPLQH ZKLFK &RPPRQ (VVHQWLDO

/HDUQLQJV ZLOO EH GHYHORSHG� DQG KRZ ZHOO WKH\ ZLOO

EH GHYHORSHG� 7KH NH\ SRLQW LV WKDW D FRQVFLHQWLRXV

HIIRUW WR LQFRUSRUDWH WKH &RPPRQ (VVHQWLDO /HDUQLQJV

FDQ PDNH D WUHPHQGRXV LPSDFW RQ VWXGHQWV�

)RU PDQ\ WRSLFV LQ VFLHQFH� DQ\ RI WKH &RPPRQ

(VVHQWLDO /HDUQLQJV FDQ EH GHYHORSHG� :KLFK RQHV

DUH GHYHORSHG� DQG WR ZKDW H[WHQW DQ\ RI WKH &RPPRQ

(VVHQWLDO /HDUQLQJV DUH HPSKDVL]HG LQ D WRSLF�

GHSHQG RQ WKH JRDOV RI WKH QHZ VFLHQFH FXUULFXOXP�

WKH IRXQGDWLRQDO REMHFWLYHV EHLQJ DGGUHVVHG LQ D

SDUWLFXODU FRUH XQLW� DV ZHOO DV RQ WKH VSHFLILF OHDUQLQJ

REMHFWLYHV IRU WKDW WRSLF� -XVW DV WKHUH DUH PDQ\

GLIIHUHQW ZD\V WR WHDFK D OHVVRQ� VR WRR WKHUH DUH

PDQ\ GLIIHUHQW ZD\V RI LQFRUSRUDWLQJ WKH &RPPRQ

(VVHQWLDO /HDUQLQJV LQWR WKDW OHVVRQ� :KDW PDWWHUV

LV WKDW WHDFKHUV GHYHORS WKH &RPPRQ (VVHQWLDO

/HDUQLQJV HIIHFWLYHO\� ZLWK WKH VSHFLILF LQWHUHVWV DQG

QHHGV RI WKHLU VWXGHQWV LQ PLQG� 7KH EHDXW\ RI

LQFRUSRUDWLQJ WKH &RPPRQ (VVHQWLDO /HDUQLQJV LQWR

VFLHQFH LV WKDW� DV LQ RWKHU VXEMHFW DUHDV� WKH ZD\V LQ

ZKLFK WKLV FDQ EH GRQH DUH G\QDPLF DQG IOH[LEOH� 7KH

WHFKQLTXHV XVHG FKDQJH DV WHDFKHUV SHUFHLYH VWXGHQWV


QHHGV FKDQJLQJ�

*HQGHU�(TXLW\

6DVNDWFKHZDQ (GXFDWLRQ LV FRPPLWWHG WR SURYLGLQJ

TXDOLW\ HGXFDWLRQ IRU DOO VWXGHQWV LQ WKH .��� V\VWHP�

([SHFWDWLRQV EDVHG SULPDULO\ RQ JHQGHU OLPLW

VWXGHQWV
 DELOLW\ WR GHYHORS WR WKHLU IXOOHVW SRWHQWLDO�

:KLOH VRPH VWHUHRW\SLFDO YLHZV DQG SUDFWLFHV KDYH

GLVDSSHDUHG� RWKHUV UHPDLQ� :KHUH VFKRROV HQGHDYRXU

WR SURYLGH HTXDO RSSRUWXQLW\ IRU PDOH DQG IHPDOH

VWXGHQWV� FRQWLQXLQJ HIIRUWV DUH UHTXLUHG WR DFKLHYH

HTXDOLW\ RI EHQHILW RU RXWFRPH� ,W LV WKH UHVSRQVLELOLW\

RI VFKRROV WR FUHDWH DQ HGXFDWLRQDO HQYLURQPHQW IUHH RI

JHQGHU ELDV� 7KLV FDQ EH IDFLOLWDWHG E\ LQFUHDVHG

XQGHUVWDQGLQJ DQG XVH RI JHQGHU EDODQFHG PDWHULDO

DQG QRQ�VH[LVW WHDFKLQJ VWUDWHJLHV� %RWK IHPDOH DQG

PDOH VWXGHQWV QHHG HQFRXUDJHPHQW WR H[SORUH QRQ�

WUDGLWLRQDO DV ZHOO DV WUDGLWLRQDO RSWLRQV�

,Q RUGHU WR PHHW WKH JRDO RI JHQGHU HTXLW\ LQ WKH .���

V\VWHP� 6DVNDWFKHZDQ (GXFDWLRQ LV FRPPLWWHG WR

EULQJLQJ DERXW WKH UHGXFWLRQ RI JHQGHU ELDV ZKLFK

UHVWULFWV WKH SDUWLFLSDWLRQ DQG FKRLFHV RI DOO RXU

VWXGHQWV� ,W LV LPSRUWDQW WKDW 6DVNDWFKHZDQ

FXUULFXOD UHIOHFW WKH YDULHW\ RI UROHV DQG WKH ZLGH

UDQJH RI EHKDYLRXUV DQG DWWLWXGHV DYDLODEOH WR DOO

PHPEHUV RI RXU VRFLHW\� 7KH QHZ FXUULFXOD VWULYH WR

SURYLGH JHQGHU�EDODQFHG FRQWHQW� DFWLYLWLHV� DQG

WHDFKLQJ DSSURDFKHV� ,W LV KRSHG WKDW WKLV ZLOO DVVLVW

WHDFKHUV LQ FUHDWLQJ DQ HQYLURQPHQW IUHH RI VWHUHRW\S�

LQJ� HQDEOLQJ ERWK IHPDOHV DQG PDOHV WR VKDUH LQ DOO

H[SHULHQFHV DQG RSSRUWXQLWLHV ZKLFK GHYHORS WKHLU

DELOLWLHV DQG WDOHQWV WR WKH IXOOHVW�

,QGLDQ�DQG�0pWLV�&XUULFXOXP

3HUVSHFWLYHV

7KH LQWHJUDWLRQ RI ,QGLDQ DQG 0pWLV FRQWHQW DQG

SHUVSHFWLYHV ZLWK WKH .��� FXUULFXOXP IXOILOV D FHQWUDO

UHFRPPHQGDWLRQ RI 'LUHFWLRQV� WKH )LYH <HDU $FWLRQ

3ODQ IRU 1DWLYH &XUULFXOXP 'HYHORSPHQW DQG WKH

,QGLDQ DQG 0pWLV (GXFDWLRQ 3ROLF\ IURP .LQGHUJDUWHQ

WR *UDGH ��� 7KH SROLF\ VWDWHV�

6DVNDWFKHZDQ (GXFDWLRQ UHFRJQL]HV WKDW

WKH ,QGLDQ DQG 0pWLV SHRSOHV RI WKH SURYLQFH

DUH KLVWRULFDOO\ XQLTXH SHRSOHV DQG RFFXS\ D

XQLTXH DQG ULJKWIXO SODFH LQ RXU VRFLHW\

WRGD\� 6DVNDWFKHZDQ (GXFDWLRQ UHFRJQL]HV

WKDW HGXFDWLRQ SURJUDPV PXVW PHHW WKH

QHHGV RI ,QGLDQ DQG 0pWLV SHRSOHV� DQG WKDW

FKDQJHV WR H[LVWLQJ SURJUDPV DUH DOVR

QHFHVVDU\ IRU WKH EHQHILW RI DOO VWXGHQWV�

�SDJH ��
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7KH LQFOXVLRQ RI ,QGLDQ DQG 0pWLV SHUVSHFWLYHV

EHQHILWV DOO VWXGHQWV LQ D SOXUDOLVWLF VRFLHW\� &XOWXUDO

UHSUHVHQWDWLRQ LQ DOO DVSHFWV RI WKH VFKRRO

HQYLURQPHQW HPSRZHUV FKLOGUHQ ZLWK D SRVLWLYH JURXS

LGHQWLW\� ,QGLDQ DQG 0pWLV UHVRXUFHV IRVWHU D

PHDQLQJIXO DQG FXOWXUDOO\ LGHQWLILDEOH H[SHULHQFH IRU

,QGLDQ DQG 0pWLV VWXGHQWV� DQG SURPRWH WKH GHYHORS�

PHQW RI SRVLWLYH DWWLWXGHV LQ DOO VWXGHQWV WRZDUG

,QGLDQ DQG 0pWLV SHRSOHV� 7KLV DZDUHQHVV RI RQH
V

RZQ FXOWXUH DQG WKH FXOWXUHV RI RWKHUV GHYHORSV VHOI�

FRQFHSW� HQKDQFHV OHDUQLQJ� SURPRWHV DQ DSSUHFLDWLRQ

RI &DQDGD
V SOXUDOLVWLF VRFLHW\ DQG VXSSRUWV XQLYHUVDO

KXPDQ ULJKWV�

6DVNDWFKHZDQ ,QGLDQ DQG 0pWLV VWXGHQWV FRPH IURP

GLIIHUHQW FXOWXUDO EDFNJURXQGV DQG VRFLDO

HQYLURQPHQWV LQFOXGLQJ QRUWKHUQ� UXUDO� DQG XUEDQ

DUHDV� 7HDFKHUV PXVW XQGHUVWDQG WKH GLYHUVLW\ RI WKH

VRFLDO� FXOWXUDO� DQG OLQJXLVWLF EDFNJURXQGV RI 6DVNDW�

FKHZDQ ,QGLDQ DQG 0pWLV VWXGHQWV� $OO HGXFDWRUV

QHHG FURVV�FXOWXUDO HGXFDWLRQ DQG LQFUHDVHG

DZDUHQHVV RI DSSOLHG VRFLROLQJXLVWLFV� ILUVW DQG VHFRQG

ODQJXDJH DFTXLVLWLRQ WKHRU\� DQG VWDQGDUG DQG QRQ�

VWDQGDUG XVDJH RI ODQJXDJH� 7HDFKHUV PXVW XWLOL]H D

YDULHW\ RI WHDFKLQJ VWUDWHJLHV WKDW PDWFK DQG EXLOG

XSRQ WKH NQRZOHGJH� FXOWXUHV� OHDUQLQJ VW\OHV� DQG

VWUHQJWKV ZKLFK ,QGLDQ DQG 0pWLV VWXGHQWV SRVVHVV�

5HVSRQVLYH DGDSWDWLRQV DUH QHFHVVDU\ WR DOO FXUULFXOD

IRU HIIHFWLYH LPSOHPHQWDWLRQ�

6DVNDWFKHZDQ WHDFKHUV DUH UHVSRQVLEOH IRU

LQWHJUDWLQJ UHVRXUFHV WKDW UHIOHFW DFFXUDWH DQG

DSSURSULDWH ,QGLDQ DQG 0pWLV FRQWHQW DQG SHUVSHF�

WLYHV� 7HDFKHUV KDYH D UHVSRQVLELOLW\ WR HYDOXDWH DOO

UHVRXUFHV IRU ELDV DQG WR WHDFK VWXGHQWV WR UHFRJQL]H

VXFK ELDV�

7KH IROORZLQJ IRXU SRLQWV VXPPDUL]H WKH H[SHFWDWLRQV

IRU ,QGLDQ DQG 0pWLV FRQWHQW LQ FXUULFXOXP DQG

LQVWUXFWLRQ�

� &XUULFXOD DQG PDWHULDOV ZLOO FRQFHQWUDWH RQ SRVLWLYH

LPDJHV RI ,QGLDQ� 0pWLV� DQG ,QXLW SHRSOHV�

� &XUULFXOD DQG PDWHULDOV ZLOO UHLQIRUFH DQG

FRPSOHPHQW WKH EHOLHIV DQG YDOXHV RI ,QGLDQ� 0pWLV�

DQG ,QXLW SHRSOHV�

� &XUULFXOD DQG PDWHULDOV ZLOO LQFOXGH KLVWRULFDO DQG

FRQWHPSRUDU\ LVVXHV�

� &XUULFXOD DQG PDWHULDOV ZLOO UHIOHFW WKH OHJDO� SROLWL�

FDO� VRFLDO� HFRQRPLF� DQG UHJLRQDO GLYHUVLW\ RI ,Q�

GLDQ� 0pWLV� DQG ,QXLW SHRSOHV�

,QVWUXFWLRQDO�$SSURDFKHV

7KH IDFWRUV RI VFLHQWLILF OLWHUDF\ DQG WKH GHYHORSPHQW

RI WKH &RPPRQ (VVHQWLDO /HDUQLQJV DUH WKH

IRXQGDWLRQV RI WKH .��� 6FLHQFH SURJUDP� ,Q RUGHU WR

JLYH VWXGHQWV D FKDQFH WR GHYHORS WKHLU

XQGHUVWDQGLQJV DQG DELOLWLHV LQ WKHVH IRXQGDWLRQV� LW

LV QHFHVVDU\ IRU WHDFKHUV WR XVH D EURDG UDQJH RI

LQVWUXFWLRQDO DSSURDFKHV� ,QVWUXFWLRQDO $SSURDFKHV� $

)UDPHZRUN IRU 3URIHVVLRQDO 3UDFWLFH �6DVNDWFKHZDQ

(GXFDWLRQ� ����� SURYLGHV D IUDPHZRUN WR XQGHUVWDQG

DQG LPSOHPHQW D YDULHW\ RI DSSURDFKHV WR WHDFKLQJ�

7KH 6FLHQFH �� FXUULFXOXP KDV EHHQ GHVLJQHG WR

VXSSRUW WHDFKHUV LQ XVLQJ VXFK D EURDG�EDVHG

DSSURDFK LQ WKH FODVVURRP E\ PDNLQJ WKH FXUULFXOXP

IOH[LEOH HQRXJK WR DFFRPPRGDWH WKHLU SODQV� 0RUH

VSHFLILF LQIRUPDWLRQ RQ WHDFKLQJ VFLHQFH XVLQJ D

YDULHW\ RI VWUDWHJLHV FDQ EH IRXQG LQ 7HDFKLQJ 6FLHQFH

7KURXJK D 6FLHQFH�7HFKQRORJ\�6RFLHW\�(QYLURQPHQW

$SSURDFK� $Q ,QVWUXFWLRQ *XLGH �$LNHQKHDG� ������

6HH DOVR WKH VHFWLRQ RQ WKH $GDSWLYH 'LPHQVLRQ� RQ

SDJH � RI WKLV JXLGH�

7KH YHUEV RI WKH /HDUQLQJ 2EMHFWLYHV OLVWHG IRU WKH

FRUH XQLWV VXJJHVW YDULRXV DSSURDFKHV WR LQVWUXFWLRQ�

DQG UHLWHUDWH VRPH RI WKH SURFHVVHV RI VFLHQFH� 1RWH

WKHVH H[DPSOHV�

� DQDO\]H � H[DPLQH

� DVVHVV � H[SODLQ

� FODVVLI\ � H[SUHVV

� FRQVWUXFW � LGHQWLI\

� GHEDWH � LQYHVWLJDWH

� GHPRQVWUDWH � SHUIRUP DFWLYLWLHV

� GHWHUPLQH � SUHSDUH

� GHYHORS � UHVHDUFK

� GLVFXVV � WHVW

� HYDOXDWH � XWLOL]H

5HVRXUFH�%DVHG�/HDUQLQJ

5HVRXUFH�EDVHG WHDFKLQJ DQG OHDUQLQJ LV D PHDQV E\

ZKLFK WHDFKHUV FDQ JUHDWO\ DVVLVW WKH GHYHORSPHQW RI

DWWLWXGHV DQG DELOLWLHV IRU LQGHSHQGHQW� OLIH�ORQJ

OHDUQLQJ� 5HVRXUFH�EDVHG LQVWUXFWLRQ PHDQV WKDW WKH

WHDFKHU DQG WHDFKHU�OLEUDULDQ ZLOO SODQ XQLWV ZKLFK

LQWHJUDWH UHVRXUFHV ZLWK FODVVURRP DVVLJQPHQWV� DQG

WHDFK VWXGHQWV WKH SURFHVVHV QHHGHG WR ILQG� DQDO\]H�

DQG SUHVHQW LQIRUPDWLRQ�

5HVRXUFH�EDVHG LQVWUXFWLRQ LV DQ DSSURDFK WR

FXUULFXOXP ZKLFK LQYROYHV VWXGHQWV ZLWK DOO W\SHV RI

UHVRXUFHV� 6RPH SRVVLEOH UHVRXUFHV DUH� ERRNV�

PDJD]LQHV� ILOPV� DXGLR DQG YLGHR WDSHV� FRPSXWHU

VRIWZDUH DQG GDWDEDVHV� PDQLSXODEOH REMHFWV�
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FRPPHUFLDO JDPHV� PDSV� FRPPXQLW\ UHVRXUFHV�

PXVHXPV� ILHOG WULSV� SLFWXUHV DQG VWXG\ SULQWV� UHDO

REMHFWV DQG DUWLIDFWV� DQG PHGLD SURGXFWLRQ

HTXLSPHQW�

5HVRXUFH�EDVHG OHDUQLQJ LV VWXGHQW�FHQWUHG� ,W RIIHUV

VWXGHQWV RSSRUWXQLWLHV WR FKRRVH� WR H[SORUH� DQG WR

GLVFRYHU� 6WXGHQWV ZKR DUH HQFRXUDJHG WR PDNH

FKRLFHV� LQ DQ HQYLURQPHQW ULFK LQ UHVRXUFHV� ZKHUH

WKHLU WKRXJKWV DQG IHHOLQJV DUH UHVSHFWHG� DUH ZHOO RQ

WKHLU ZD\ WR EHFRPLQJ DXWRQRPRXV OHDUQHUV�

7KH IROORZLQJ SRLQWV ZLOO KHOS WHDFKHUV XVH UHVRXUFH�

EDVHG WHDFKLQJ DQG OHDUQLQJ�

� 'LVFXVV WKH REMHFWLYHV IRU WKH XQLW ZLWK VWXGHQWV�

)RFXV WKH GLVFXVVLRQ RQ KRZ WKH VWXGHQWV FDQ UHODWH

WKH REMHFWLYHV WR WKHLU HQYLURQPHQW� FXOWXUH DQG

RWKHU IDFWRUV ZKLFK DUH DSSURSULDWH WR WKHLU

VLWXDWLRQ� &RUUHODWH QHHGHG UHVHDUFK VNLOOV ZLWK WKH

DFWLYLWLHV LQ WKH XQLW� VR WKDW VNLOOV DUH DOZD\V

WDXJKW LQ WKH FRQWH[W RI DSSOLFDWLRQ� :RUN ZLWK

\RXU WHDFKHU�OLEUDULDQ� LI DYDLODEOH�

� 3ODQ LQ JRRG WLPH ZLWK WKH OLEUDU\ VWDII VR WKDW DG�

HTXDWH UHVRXUFHV DUH DYDLODEOH� DQG GHFLVLRQV DUH

PDGH DERXW VKDUHG WHDFKLQJ UHVSRQVLELOLWLHV� LI

DSSOLFDEOH�

� 8VH D YDULHW\ RI UHVRXUFHV LQ FODVVURRP WHDFKLQJ�

VKRZLQJ VWXGHQWV WKDW \RX DUH D UHVHDUFKHU ZKR

FRQVWDQWO\ VHHNV RXW VRXUFHV RI NQRZOHGJH� 'LVFXVV

ZLWK WKHP WKH XVH RI RWKHU OLEUDULHV� JRYHUQPHQW

GHSDUWPHQWV� PXVHXPV� DQG YDULRXV RXWVLGH

DJHQFLHV LQ WKHLU UHVHDUFK�

� $VN WKH WHDFKHU�OLEUDULDQ� LI DYDLODEOH� WR SURYLGH

UHVRXUFH OLVWV DQG ELEOLRJUDSKLHV ZKHQ QHHGHG�

� 3DUWLFLSDWH LQ DQG KHOS SODQ LQVHUYLFH SURJUDPV RQ

XVLQJ UHVRXUFHV HIIHFWLYHO\�

� &RQWLQXDOO\ UHTXHVW JRRG FXUULFXOXP PDWHULDOV IRU

DGGLWLRQ WR WKH OLEUDU\ FROOHFWLRQ�

� 6XSSRUW WKH HVVHQWLDO UROH RI WKH OLEUDU\ UHVRXUFH

FHQWUH DQG WKH WHDFKHU�OLEUDULDQ LQ \RXU WDONV ZLWK

FROOHDJXHV� SULQFLSDOV� DQG GLUHFWRUV�

0RUH LQIRUPDWLRQ RQ UHVRXUFH�EDVHG OHDUQLQJ PD\ EH

IRXQG LQ 6FLHQFH 3URJUDP 2YHUYLHZ DQG &RQQHFWLRQV

.����
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$VVHVVPHQW�DQG

(YDOXDWLRQ

:K\�&RQVLGHU�$VVHVVPHQW�DQG

(YDOXDWLRQ"

0XFK UHVHDUFK LQ HGXFDWLRQ DURXQG WKH ZRUOG LV

FXUUHQWO\ IRFXVLQJ RQ DVVHVVPHQW DQG HYDOXDWLRQ� ,W

KDV EHFRPH FOHDU� DV PRUH DQG PRUH UHVHDUFK ILQGLQJV

DFFXPXODWH� WKDW D EURDGHU UDQJH RI DWWULEXWHV QHHG WR

EH DVVHVVHG DQG HYDOXDWHG WKDQ KDV EHHQ FRQVLGHUHG

LQ WKH SDVW� $ ZLGH YDULHW\ RI ZD\V RI GRLQJ WKLV DUH

VXJJHVWHG� $VVHVVPHQW DQG HYDOXDWLRQ DUH EHVW

DGGUHVVHG IURP WKH YLHZSRLQW RI VHOHFWLQJ ZKDW

DSSHDUV PRVW YDOLG LQ PHHWLQJ SUHVFULEHG QHHGV�

,Q 6WXGHQW (YDOXDWLRQ� $ 7HDFKHU +DQGERRN

�6DVNDWFKHZDQ (GXFDWLRQ� ����� WKH GLIIHUHQFH

EHWZHHQ WKH YDULRXV IRUPV RI HYDOXDWLRQ LV H[SODLQHG�

6WXGHQW HYDOXDWLRQ IRFXVHV RQ WKH FROOHFWLRQ DQG

LQWHUSUHWDWLRQ RI GDWD ZKLFK ZRXOG LQGLFDWH VWXGHQW

SURJUHVV� 7KLV� LQ FRPELQDWLRQ ZLWK WHDFKHU VHOI�

HYDOXDWLRQ DQG SURJUDP HYDOXDWLRQ� SURYLGHV D IXOO

HYDOXDWLRQ�

,QIRUPDWLRQ LQ 6DVNDWFKHZDQ (GXFDWLRQ

GRFXPHQWV VKRXOG EH XVHG WR KHOS GHYHORS DQ

RYHUDOO HYDOXDWLRQ SODQ�

3KDVHV�RI�WKH�(YDOXDWLRQ

3URFHVV

(YDOXDWLRQ FDQ EH YLHZHG DV D F\FOLFDO SURFHVV

LQFOXGLQJ IRXU SKDVHV� SUHSDUDWLRQ� DVVHVVPHQW�

HYDOXDWLRQ� DQG UHIOHFWLRQ� 7KH HYDOXDWLRQ SURFHVV

LQYROYHV WKH WHDFKHU DV D GHFLVLRQ PDNHU WKURXJKRXW

DOO IRXU SKDVHV�

� ,Q WKH SUHSDUDWLRQ SKDVH� GHFLVLRQV DUH PDGH ZKLFK

LGHQWLI\ ZKDW LV WR EH HYDOXDWHG� WKH W\SH RI

HYDOXDWLRQ �IRUPDWLYH� VXPPDWLYH� RU GLDJQRVWLF� WR

EH XVHG� WKH FULWHULD DJDLQVW ZKLFK VWXGHQW OHDUQLQJ

RXWFRPHV ZLOO EH MXGJHG� DQG WKH PRVW DSSURSULDWH

DVVHVVPHQW VWUDWHJLHV ZLWK ZKLFK WR JDWKHU

LQIRUPDWLRQ RQ VWXGHQW SURJUHVV� 7KH WHDFKHU
V

GHFLVLRQV LQ WKLV SKDVH IRUP WKH EDVLV IRU WKH

UHPDLQLQJ SKDVHV�

� 'XULQJ WKH DVVHVVPHQW SKDVH� WKH WHDFKHU LGHQWLILHV

LQIRUPDWLRQ�JDWKHULQJ VWUDWHJLHV� FRQVWUXFWV RU

VHOHFWV LQVWUXPHQWV� DGPLQLVWHUV

WKHP WR WKH VWXGHQW� DQG FROOHFWV WKH LQIRUPDWLRQ RQ

VWXGHQW OHDUQLQJ SURJUHVV� 7KH WHDFKHU FRQWLQXHV WR

PDNH GHFLVLRQV LQ WKLV SKDVH� 7KH LGHQWLILFDWLRQ DQG

HOLPLQDWLRQ RI ELDV �VXFK DV JHQGHU DQG FXOWXUH ELDV�

IURP WKH DVVHVVPHQW VWUDWHJLHV DQG LQVWUXPHQWV� DQG

WKH GHWHUPLQDWLRQ RI ZKHUH� ZKHQ� DQG KRZ

DVVHVVPHQWV ZLOO EH FRQGXFWHG DUH H[DPSOHV RI

LPSRUWDQW FRQVLGHUDWLRQV IRU WKH WHDFKHU�

� 'XULQJ WKH HYDOXDWLRQ SKDVH� WKH WHDFKHU LQWHUSUHWV

WKH DVVHVVPHQW LQIRUPDWLRQ DQG PDNHV MXGJHPHQWV

DERXW VWXGHQW SURJUHVV� %DVHG RQ WKH MXGJHPHQWV

RU HYDOXDWLRQV� WHDFKHUV PDNH GHFLVLRQV DERXW

VWXGHQW OHDUQLQJ SURJUDPV DQG UHSRUW RQ SURJUHVV WR

VWXGHQWV� SDUHQWV� DQG DSSURSULDWH VFKRRO SHUVRQQHO�

� 7KH UHIOHFWLRQ SKDVH DOORZV WKH WHDFKHU WR FRQVLGHU

WKH H[WHQW WR ZKLFK WKH SUHYLRXV SKDVHV LQ WKH

HYDOXDWLRQ SURFHVV KDYH EHHQ VXFFHVVIXO�

6SHFLILFDOO\� WKH WHDFKHU HYDOXDWHV WKH XWLOLW\ DQG

DSSURSULDWHQHVV RI WKH DVVHVVPHQW VWUDWHJLHV XVHG�

DQG VXFK UHIOHFWLRQ DVVLVWV WKH WHDFKHU LQ PDNLQJ

GHFLVLRQV FRQFHUQLQJ LPSURYHPHQWV RU PRGLILFDWLRQV

WR VXEVHTXHQW WHDFKLQJ DQG HYDOXDWLRQ� 6FLHQFH

3URJUDP 2YHUYLHZ DQG &RQQHFWLRQV �.���� FRQWDLQV

TXHVWLRQV ZKLFK HQFRXUDJH WHDFKHUV WR UHIOHFW RQ

VWXGHQW DVVHVVPHQW� WKHLU RZQ SODQQLQJ� DQG RQ WKH

VWUXFWXUH RI WKH FXUULFXOXP�

$OO IRXU SKDVHV DUH LQFOXGHG LQ IRUPDWLYH� GLDJQRVWLF�

DQG VXPPDWLYH HYDOXDWLRQ SURFHVVHV� 7KH\ DUH

UHSUHVHQWHG LQ )LJXUH ��

)LJXUH � 3URFHVV RI 6WXGHQW (YDOXDWLRQ

$VVHVVLQJ�6WXGHQW�3URJUHVV

6SHFLILF DVVHVVPHQW WHFKQLTXHV DUH VHOHFWHG LQ RUGHU

WR FROOHFW LQIRUPDWLRQ DERXW KRZ ZHOO VWXGHQWV DUH

DFKLHYLQJ REMHFWLYHV� 7KH DVVHVVPHQW WHFKQLTXH XVHG

DW DQ\ SDUWLFXODU WLPH GHSHQGV RQ ZKDW IDFLOLW\ ZLWK

WKH NQRZOHGJH� VNLOOV RU SURFHVVHV WKH WHDFKHU ZDQWV

WKH VWXGHQWV WR GHPRQVWUDWH� 7KH DSSURSULDWHQHVV RI
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WKH WHFKQLTXHV WKHUHIRUH UHVWV RQ WKH FRQWHQW� WKH

LQVWUXFWLRQDO VWUDWHJLHV XVHG� WKH OHYHO RI WKH

GHYHORSPHQW RI WKH VWXGHQWV� DQG ZKDW LV WR EH

DVVHVVHG� 7KH HQYLURQPHQW DQG FXOWXUH RI WKH

VWXGHQWV PXVW DOVR EH FRQVLGHUHG�

9DULRXV DVVHVVPHQW WHFKQLTXHV DUH OLVWHG EHORZ� 7KH

WHFKQLTXHV OLVWHG DUH PHDQW WR VHUYH RQO\ IRU

UHIHUHQFH� VLQFH WKH WHDFKHU H[HUFLVHV SURIHVVLRQDO

MXGJHPHQW LQ GHWHUPLQLQJ ZKLFK WHFKQLTXHV VXLW WKH

SDUWLFXODU SXUSRVHV RI WKH DVVHVVPHQW� )RU IXUWKHU

LQIRUPDWLRQ RQ WKH YDULRXV DVVHVVPHQW VWUDWHJLHV DQG

W\SHV RI LQVWUXPHQWV WKDW FDQ EH XVHG WR FROOHFW DQG

UHFRUG LQIRUPDWLRQ DERXW VWXGHQW OHDUQLQJ� UHIHU WR WKH

6WXGHQW (YDOXDWLRQ� $ 7HDFKHU +DQGERRN

�6DVNDWFKHZDQ (GXFDWLRQ� ������

$�5HIHUHQFH�/LVW�RI�$VVHVVPHQW

6WUDWHJLHV

�� 6WXGHQW &ODVVURRP 3HUIRUPDQFH

$� 7HDFKHU REVHUYHG

$�� $QHFGRWDO UHFRUGV

$�� 2EVHUYDWLRQ FKHFNOLVWV

$�� 5DWLQJ VFDOHV

%� 6WXGHQW DFWLYLWLHV

%�� &RQWUDFWV

%�� /DERUDWRU\ UHSRUWV

%�� 0DMRU SURMHFWV DQG ZULWWHQ UHSRUWV

%�� 3RUWIROLRV

%�� 6HOI� DQG SHHU�DVVHVVPHQW

%�� 7HVW VWDWLRQV

�� 6WXGHQW 7HVW 3HUIRUPDQFH

��� (VVD\

��� 0DWFKLQJ LWHP

��� 0XOWLSOH FKRLFH

��� 2UDO

��� 3HUIRUPDQFH WHVW

��� 6KRUW DQVZHU

��� 7UXH�IDOVH

6WXGHQW�$VVHVVPHQW�LQ�6FLHQFH

$W WKH VWDUW RI DQ\ FODVV� D WHDFKHU KDV D JURXS RI QHZ

VWXGHQWV� 7KH VWXGHQWV DUH QHZ� HYHQ LI WKH\ NQRZ

HDFK RWKHU RU WKH WHDFKHU� EHFDXVH WKH\ ZLOO EH GHDOLQJ

ZLWK GLIIHUHQW PDWHULDO� IURP D GLIIHUHQW SRLQW RI YLHZ�

ZLWKLQ DQ HYROYLQJ V\VWHP RI LQWHUDFWLRQV� 7KH IDFWRUV

RI VFLHQWLILF OLWHUDF\ DQG WKH OHDUQLQJ REMHFWLYHV IRU WKH

FXUULFXOXP EHFRPH WKH

FULWHULD E\ ZKLFK WR DVVHVV WKH VWXGHQW� 7KHVH PD\ EH

DWWDLQDEOH E\ WKH PDMRULW\ RI VWXGHQWV� EXW IRU VRPH

WKH\ ZLOO EH RXWVLGH WKHLU FDSDELOLWLHV� $GDSWDWLRQV WR

H[SHFWDWLRQV RU SURFHGXUHV ZLOO EH UHTXLUHG�

$ WHDFKHU PXVW EH DZDUH WKDW �JUDGHG� WHDFKLQJ

UHVRXUFHV DQG VWDQGDUGL]HG WHVWV DUH EXLOW RQ ZKDW LV

DFFHSWHG DV QRUPDO RU DYHUDJH IRU D VWXGHQW RI WKDW

DJH JURXS DQG RIWHQ IRU D VSHFLILF VHJPHQW RI VRFLHW\�

,Q XVLQJ VWDQGDUGL]HG WHVWV D WHDFKHU LV DVVHVVLQJ KRZ

D FKLOG PDWFKHV WKHVH FXOWXUDO VWDQGDUGV RYHU D YHU\

QDUURZ UDQJH RI VNLOOV� 7KH UHVXOWV PXVW EH

FRQVLGHUHG LQ WKDW FRQWH[W� 7KLV PHDVXUH PD\ EH

XQDWWDLQDEOH E\ VRPH VWXGHQWV� $OWHUQDWHO\� VRPH

VWXGHQWV PD\ QRW UHDFK IXOO SRWHQWLDO EHFDXVH WKH\

DUH QRW FKDOOHQJHG EXW DUH DOORZHG WR UHPDLQ DW WKH

DFFHSWDEOH �DYHUDJH�� 7KH $GDSWLYH 'LPHQVLRQ

UHFRJQL]HV WKDW WKH QHHGV RI DOO VWXGHQWV PXVW EH

FRQVLGHUHG IRU HIIHFWLYH WHDFKLQJ DQG OHDUQLQJ WR RFFXU�

,Q DVVHVVLQJ WKH IDFWRUV RI VFLHQWLILF OLWHUDF\� PHWKRGV

FDQ EH HVWDEOLVKHG IRU DGGUHVVLQJ NQRZOHGJH

�'LPHQVLRQV $� %� '�� YDOXHV �'LPHQVLRQV * DQG )��

DQG DELOLWLHV �'LPHQVLRQV & DQG (� LQ ZD\V WKDW VXLW

WKH QDWXUH RI WKH IDFWRU�

7KH IDFWRUV RI VFLHQWLILF OLWHUDF\ LQ 'LPHQVLRQV $

WKURXJK ( FDQ EH DVVHVVHG WKURXJK PDQLSXODWLRQ RI

IDFWXDO NQRZOHGJH� +RZHYHU� LW LV TXLWH SRVVLEOH WR

DVVHVV RQO\ IDFWXDO NQRZOHGJH DQG WKLV LV D IDXOW RI

PXFK FXUUHQW VWXGHQW DVVHVVPHQW� :KHQ H[DPLQHG�

WKLV DVVHVVPHQW LV RIWHQ OLWWOH PRUH WKDQ VLPSOH UHFDOO

RU OLPLWHG DSSOLFDWLRQ RI IDFWV� :KHQ DVVHVVPHQW GRHV

JR IXUWKHU DQG DSSHDUV WR LQFOXGH DELOLWLHV� RIWHQ WRR

PXFK HPSKDVLV LV VWLOO GHYRWHG WR VWUDLJKW UHFDOO�

6WXGHQWV GHVHUYH WR EH DVVHVVHG RQ WKH UDQJH RI

DELOLWLHV WKH\ KDYH EHHQ XVLQJ� 7KH RYHUDOO DVVHVV�

PHQW SODQ VKRXOG UHIOHFW WKH VWXGHQWV
 GLIIHUHQW

OHDUQLQJ VW\OHV� DQG GLIIHUHQW ZD\V RI GLVSOD\LQJ WKHLU

OHDUQLQJ DQG WKH QDWXUH RI WKH DELOLWLHV EHLQJ

DVVHVVHG� 6HOI�UHIHUHQFHG DVVHVVPHQW PD\ EH

HQFRXUDJHG�

$VVHVVPHQW FDQ EH RUDO� ZULWWHQ� SUDFWLFDO� RU VRPH

FRPELQDWLRQ RI WKHVH� 3UDFWLFDO H[HUFLVHV DUH WKH EHVW

ZD\ WR DVVHVV VFLHQWLILF DQG WHFKQLFDO NQRZOHGJH DQG

VNLOOV �'LPHQVLRQ (�� )RU H[DPSOH� UHDGLQJ D WKHUPR�

PHWHU GLDJUDP LV QRW WKH VDPH DV NQRZLQJ KRZ EHVW WR

XVH DQG SODFH WKH WKHUPRPHWHU LQ RUGHU WR PHDVXUH

WHPSHUDWXUH� 7KH EHVW ZD\ WR DVVHVV ZKHWKHU

VWXGHQWV FDQ SHUIRUP DQ DFWLYLW\ LV WR REVHUYH WKHP

ZKLOH WKH\ DUH DFWXDOO\ SHUIRUPLQJ WKH DFWLYLW\� $VN

WKHP SURELQJ TXHVWLRQV� 7KH XVH RI DQHFGRWDO UHFRUGV�

REVHUYDWLRQ FKHFNOLVWV� DQG UDWLQJ

VFDOHV FDQ DVVLVW LQ GDWD FROOHFWLRQ ZKHQ WKHVH

REVHUYDWLRQV KDYH WDNHQ SODFH�
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7KH W\SHV RI WDVNV DQG TXHVWLRQV ZKLFK VWXGHQWV DUH

H[SHFWHG WR DGGUHVV LQIOXHQFH WKHLU UHVSRQVHV� :KHQ

WKH WDVNV DQG TXHVWLRQV DUH OLPLWHG� VR DUH WKH

UHVSRQVHV� 7DVNV DQG TXHVWLRQV ZKLFK HOLFLW RQO\ RQH

ZRUG RU VLPSOH VHQWHQFH DQVZHUV WHVW RQO\ EDVLF UHFDOO

RI IDFWXDO NQRZOHGJH� ,W LV YHU\ LPSRUWDQW WR FRQVLGHU

WKDW RQFH VWXGHQWV KDYH� IRU H[DPSOH� IRUPXODWHG D

PRGHO LQ D SDUWLFXODU FRQWH[W GXULQJ D VFLHQFH DFWLYLW\�

LI WKDW H[DFW VDPH FRQWH[W LV JLYHQ LQ WKH DVVHVVPHQW�

WKH UHVSRQVH LV RQO\ UHFDOO� DQG QRW D WHVW RI DQ\

FRQFHSWXDO RU SURFHVV DELOLW\� $VVHVVPHQW PXVW

UHTXLUH VOLJKWO\ GLIIHUHQW FRQGLWLRQV VR WKH DELOLW\ LV

WHVWHG WKURXJK D QHZ VHW RI HYHQWV�

*RRG TXHVWLRQLQJ LV H[WUHPHO\ LPSRUWDQW IRU HIIHFWLYH

WHDFKLQJ DQG WHVWLQJ� $YRLG TXHVWLRQV ZKHUH WKHUH LV

RQO\ D VLQJOH UHVSRQVH� 6WUXFWXUH TXHVWLRQV VR VRPH

W\SH RI UHDVRQLQJ LV UHTXLUHG� +RZ" :K\" ([SODLQ � � �

3UHVHQW SUREOHP VROYLQJ DFWLYLWLHV� 'HYHORS &ULWLFDO

DQG &UHDWLYH 7KLQNLQJ� $OO RI WKHVH WKLQJV SURPRWH

DQG FKDOOHQJH KLJKHU OHYHO WKLQNLQJ�

6WXGHQWV PD\ EH DVNHG WR LQWHUSUHW D JUDSK RU

SKRWRJUDSK� RU WR DQVZHU D TXHVWLRQ RUDOO\�

$VVHVVPHQW GRHV QRW KDYH WR FRQVLVW WRWDOO\ RI ZULWWHQ

ZRUN� 9DULHG IRUPDWV DGDSW WR VWXGHQWV
 GLIIHULQJ

OHDUQLQJ VW\OHV�

6XPPDWLYH DVVHVVPHQW LWHPV IROORZLQJ WKH

FRPSOHWLRQ RI D XQLW FDQ FRYHU PRUH VFRSH DQG GHSWK

WKDQ IRUPDWLYH DVVHVVPHQW LWHPV� $SDUW IURP WKH

VFRSH DQG GHSWK RI WKH DFWLYLWLHV VHOHFWHG� WKH IRUPDW

RI VXPPDWLYH DVVLJQPHQWV FDQ EH MXVW DV YDULHG�

LQFOXGLQJ SUDFWLFDO WDVNV �WR UHIOHFW SUDFWLFDO

NQRZOHGJH DQG DELOLWLHV�� LQWHUSUHWDWLRQ RI JUDSKV DQG

SKRWRJUDSKV� DQG LQYHVWLJDWLYH SUREOHPV DQG

DVVLJQPHQWV�

0XOWLSOH FKRLFH� WUXH RU IDOVH� RU ILOO�LQ�WKH�EODQN WHVWV

XVXDOO\ DVVHVV RQO\ EDVLF IDFWXDO UHFDOO� 6XFK WHVWV

VKRXOG EH XVHG DV OLWWOH DV SRVVLEOH DQG IHZHU �PDUNV�

VKRXOG EH DZDUGHG WKHP LQ FRPSDULVRQ ZLWK WKRVH

LWHPV WKDW UHTXLUH SURFHVV DELOLWLHV�

(VVD\ TXHVWLRQV DUH PRUH XVHIXO WHVWV� 7KH\ FDQ

SURPRWH WKH SURFHVVHV RI VFLHQFH DQG FDQ EH XVHG LQ

ERWK IRUPDWLYH DQG VXPPDWLYH DVVHVVPHQW� )RU WKRVH

VWXGHQWV ZKR KDYH GLIILFXOW\ ZULWLQJ� GLVFXVV WKH HVVD\

WRSLF IRU WKH DVVHVVPHQW� ,OOXVWUDWLRQV RU DUW SURMHFWV�

DQ RUDO UHSRUW� D FRQFHSW PDS� D SURMHFW� MRXUQDO

ZULWLQJ� RU D 6FLHQFH &KDOOHQJH DFWLYLW\ PD\ VHUYH DV

LQQRYDWLYH DOWHUQDWLYHV WR WKH ZULWWHQ HVVD\�

3URMHFWV DUH XVHIXO LWHPV IRU UHFRUGLQJ DV VXPPDWLYH

DVVHVVPHQWV� EHFDXVH WKH\ XVXDOO\ FRYHU D WRSLF LQ

GHSWK DV ZHOO DV VFRSH� 7KH\ DOVR LQYROYH WKH XVH RI D

UDQJH RI SURFHVV DELOLWLHV� 'LIILFXOWLHV PLJKW DULVH LQ

DVVHVVLQJ WKH LQGLYLGXDO SDUWLFLSDWLRQ RI HDFK FKLOG� LI

WKH SURMHFW LV D JURXS HIIRUW� 7KH FRQWULEXWLRQV DQG

SDUWLFLSDWLRQ RI LQGLYLGXDOV ZLWKLQ D JURXS FDQ RIWHQ

EH GHWHUPLQHG E\ REVHUYLQJ WKH ZD\V LQ ZKLFK WKH

JURXS PHPEHUV LQWHUDFW ZLWK RQH DQRWKHU DQG ZLWK

RWKHU PHPEHUV RI WKH FODVV RU E\ XVLQJ VWXGHQW VHOI�

DVVHVVPHQW� 7KH QXPEHU DQG W\SH RI DVVLJQPHQWV

FRPSOHWHG LQ D OHDUQLQJ FHQWUH FDQ DOVR EH UHFRUGHG DV

D VXPPDWLYH DVVHVVPHQW� 7HVW VWDWLRQV DUH

SDUWLFXODUO\ XVHIXO IRU DOORZLQJ VWXGHQWV WR

GHPRQVWUDWH FRPSHWHQFH�

$VVHVVLQJ YDOXHV LV WKH PRVW GLIILFXOW RI DOO WKH DUHDV

RI DVVHVVPHQW DQG HYDOXDWLRQ� $W RQH WLPH� YDOXHV

ZHUH QRW FRQVLGHUHG D SDUW RI WKH VFKRRO
V ZULWWHQ

FXUULFXOXP� 3DUHQWV DQG VRFLHW\ FHUWDLQO\ UHTXLUHG

WKDW VWXGHQWV GHYHORS DFFHSWDEOH EHKDYLRXUV DQG

DWWLWXGHV� EXW WKHVH ZHUH SURPRWHG WKURXJK WKH

�KLGGHQ FXUULFXOXP� � WKH WHDFKHUV
 DQG VFKRRO
V

LQIOXHQFHV� 1RZ� VSHFLILF DWWLWXGHV DQG YDOXHV DUH WR

EH RSHQO\ SURPRWHG LQ VWXGHQWV� VR WKH WHDFKHU
V

LQIOXHQFH PXVW EH GLUHFWHG WR WKHVH REMHFWLYHV�

$FFRUGLQJO\� WKH\ PXVW EH DVVHVVHG� )RU IXUWKHU

LQIRUPDWLRQ RQ YDOXHV UHYLHZ &KDSWHU 9, LQ

8QGHUVWDQGLQJ WKH &RPPRQ (VVHQWLDO /HDUQLQJV� $

+DQGERRN IRU 7HDFKHUV �6DVNDWFKHZDQ (GXFDWLRQ�
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7KHUH DUH YDOLG UHDVRQV WR DVVHVV VWXGHQWV
 YDOXH DQG

DWWLWXGH RXWFRPHV DW VFKRRO DQG WR DWWHPSW WR SURPRWH

WKHVH ZLWK HIIHFWLYH WHDFKLQJ PHWKRGV DQG LQGLYLGXDO

VWXGHQW UHIOHFWLRQ� 6LQFH WKH YDOXHV OLVWHG LQ

'LPHQVLRQV ) DQG * RI WKH IDFWRUV RI VFLHQWLILF OLWHUDF\

PD\ EH GHYHORSHG RYHU WLPH� WHDFKHUV VKRXOG EH

HPSKDVL]LQJ PDQ\ RI WKH VDPH YDOXHV WKURXJK WKH

JUDGHV� EXW GHYHORSLQJ WKHP WR KLJKHU OHYHOV� 7KLV

UHLQIRUFHPHQW KHOSV WR WDNH VWXGHQWV WR D SRLQW ZKHUH

WKH OHYHO DFKLHYHG PD\ EHFRPH D IHDWXUH RI WKHLU

FKDUDFWHUV� DQG PD\ FRQWLQXH WR GHYHORS IXUWKHU LQ

DGXOW OLIH�

7KURXJK WKH VFKRRO \HDUV� VWXGHQWV GLVSOD\ WKHLU

FXUUHQW YDOXHV DQG DWWLWXGHV E\ ZKDW WKH\ VD\� ZULWH�

DQG GR� 7KHVH WKUHH DFWLRQV FDQ EH XVHG IRU

DVVHVVPHQW SXUSRVHV� :KHQ D YDOXH RU DWWLWXGH LV

REVHUYHG� UHFRUG WKH REVHUYDWLRQ�

5HFRUG�.HHSLQJ

7R DLG GDWD FROOHFWLRQ LQ RUGHU IRU WKH IDFWRUV RI

VFLHQWLILF OLWHUDF\ WR EH DGGUHVVHG LQ VWXGHQW

DVVHVVPHQW� FKHFNOLVWV KDYH EHHQ LQFOXGHG LQ WKH

6FLHQFH 3URJUDP 2YHUYLHZ DQG &RQQHFWLRQV .��� DQG

LQ WKLV JXLGH� 7HDFKHUV VKRXOG DGDSW WKHVH WR VXLW

WKHLU QHHGV�
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7HDFKHUV RIWHQ GLIIHU LQ WKH ZD\ WKH\ OLNH WR FROOHFW

GDWD� 6RPH SUHIHU WR KDYH D VLQJOH FKHFNOLVW� QDPLQJ

DOO WKH VWXGHQWV LQ WKH FODVV �RU LQ RQH ZRUN JURXS�

DFURVV WKH WRS DQG OLVWLQJ WKH FULWHULD WR EH DVVHVVHG

GRZQ WKH VLGH� 7KH VWXGHQWV
 FROXPQV DUH WKHQ

PDUNHG LI D FULWHULRQ LV PHW� ,Q WKLV FDVH VRPH

LQIRUPDWLRQ ZRXOG KDYH WR EH WUDQVIHUUHG ODWHU WR D

VWXGHQW
V LQGLYLGXDO SURILOH�

2WKHU WHDFKHUV SUHIHU WR KDYH RQH DVVHVVPHQW VKHHW

SHU VWXGHQW� ZKLFK LV NHSW LQ WKH SURILOH� 7KDW VKHHW

ZRXOG OLVW WKH IDFWRUV IRU DVVHVVPHQW GRZQ WKH VLGH�

EXW DORQJ WKH WRS PLJKW EH D VHULHV RI GDWHV LQGLFDWLQJ

ZKHQ DVVHVVPHQW WRRN SODFH� 6XFK DQ LQGLYLGXDO ILOH

ZRXOG LOOXVWUDWH GHYHORSPHQW RYHU WKH \HDU� ,Q WKLV

FDVH� LQIRUPDWLRQ PLJKW KDYH WR EH WUDQVIHUUHG IURP

WKH SURILOH WR WKH RIILFLDO FODVV PDUN ERRN� DV UHTXLUHG�

([DPSOHV RI WKHVH W\SHV RI DVVHVVPHQW VKHHWV DUH DOVR

JLYHQ LQ 6FLHQFH 3URJUDP 2YHUYLHZ DQG &RQQHFWLRQV
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3URJUDP�(YDOXDWLRQ

3URJUDP HYDOXDWLRQ LV D V\VWHPDWLF SURFHVV RI

JDWKHULQJ DQG DQDO\]LQJ LQIRUPDWLRQ DERXW VRPH

DVSHFW RI D VFKRRO SURJUDP LQ RUGHU WR PDNH D GHFLVLRQ�

RU WR FRPPXQLFDWH WR RWKHUV LQYROYHG LQ WKH GHFLVLRQ�

PDNLQJ SURFHVV� 3URJUDP HYDOXDWLRQ FDQ EH

FRQGXFWHG DW WZR OHYHOV� UHODWLYHO\ LQIRUPDOO\ DW WKH

FODVVURRP OHYHO� RU PRUH IRUPDOO\ DW WKH FODVVURRP�

VFKRRO� RU VFKRRO GLYLVLRQ OHYHOV�

$W WKH FODVVURRP OHYHO� SURJUDP HYDOXDWLRQ LV XVHG WR

GHWHUPLQH ZKHWKHU WKH SURJUDP EHLQJ SUHVHQWHG WR

WKH VWXGHQWV LV PHHWLQJ ERWK WKHLU QHHGV DQG WKH

REMHFWLYHV SUHVFULEHG E\ WKH SURYLQFH� 3URJUDP

HYDOXDWLRQ LV QRW QHFHVVDULO\ FRQGXFWHG DW WKH HQG RI

WKH SURJUDP� EXW LV DQ RQJRLQJ SURFHVV� )RU H[DPSOH�

LI SDUWLFXODU OHVVRQV DSSHDU WR EH SRRUO\ UHFHLYHG E\

VWXGHQWV� RU LI WKH\ GR QRW VHHP WR GHPRQVWUDWH WKH

LQWHQGHG OHDUQLQJV IURP D XQLW RI VWXG\� WKH SUREOHP

VKRXOG EH LQYHVWLJDWHG DQG FKDQJHV PDGH� %\

HYDOXDWLQJ WKHLU SURJUDPV DW WKH FODVVURRP OHYHO�

WHDFKHUV EHFRPH UHIOHFWLYH SUDFWLWLRQHUV� 7KH

LQIRUPDWLRQ JDWKHUHG WKURXJK SURJUDP HYDOXDWLRQ FDQ

DVVLVW WHDFKHUV LQ SURJUDP SODQQLQJ DQG LQ PDNLQJ

GHFLVLRQV IRU LPSURYHPHQW� 0RVW SURJUDP HYDOXDWLRQV

DW WKH FODVVURRP OHYHO DUH

UHODWLYHO\ LQIRUPDO� EXW WKH\ VKRXOG EH GRQH

V\VWHPDWLFDOO\� 6XFK HYDOXDWLRQV VKRXOG LQFOXGH

LGHQWLILFDWLRQ RI WKH DUHDV RI FRQFHUQ� FROOHFWLRQ DQG

DQDO\VLV RI LQIRUPDWLRQ� DQG MXGJHPHQW RU GHFLVLRQ

PDNLQJ�

)RUPDO SURJUDP HYDOXDWLRQ SURMHFWV XVH D VWHS�E\�

VWHS SUREOHP�VROYLQJ DSSURDFK WR LGHQWLI\ WKH SXUSRVH

RI WKH HYDOXDWLRQ� GUDIW D SURSRVDO� FROOHFW DQG DQDO\]H

LQIRUPDWLRQ� DQG UHSRUW WKH HYDOXDWLRQ UHVXOWV� 7KH

LQLWLDWLYH WR FRQGXFW D IRUPDO SURJUDP HYDOXDWLRQ PD\

RULJLQDWH IURP DQ LQGLYLGXDO WHDFKHU� D JURXS RI

WHDFKHUV� WKH SULQFLSDO� D VWDII FRPPLWWHH� DQ HQWLUH

VWDII� RU FHQWUDO RIILFH� (YDOXDWLRQV DUH XVXDOO\ GRQH

E\ D WHDP� VR WKDW D YDULHW\ RI EDFNJURXQG NQRZOHGJH�

H[SHULHQFH� DQG VNLOOV DUH DYDLODEOH DQG WKH ZRUN FDQ

EH VKDUHG� )RUPDO SURJUDP HYDOXDWLRQV VKRXOG EH

XQGHUWDNHQ UHJXODUO\ WR HQVXUH SURJUDPV DUH FXUUHQW�

7R VXSSRUW IRUPDO VFKRRO�EDVHG SURJUDP HYDOXDWLRQ

DFWLYLWLHV� 6DVNDWFKHZDQ (GXFDWLRQ KDV GHYHORSHG WKH

6DVNDWFKHZDQ 6FKRRO�%DVHG 3URJUDP (YDOXDWLRQ

5HVRXUFH %RRN ������ WR EH XVHG LQ FRQMXQFWLRQ ZLWK

DQ LQVHUYLFH SDFNDJH� )XUWKHU LQIRUPDWLRQ RQ WKHVH

VXSSRUW VHUYLFHV LV DYDLODEOH IURP WKH (YDOXDWLRQ DQG

6WXGHQW 6HUYLFHV 'LYLVLRQ� 6DVNDWFKHZDQ (GXFDWLRQ�

&XUULFXOXP�(YDOXDWLRQ

'XULQJ WKH GHFDGH RI WKH ����
V� QHZ FXUULFXOD ZLOO EH

GHYHORSHG DQG LPSOHPHQWHG LQ 6DVNDWFKHZDQ�

&RQVHTXHQWO\� WKHUH ZLOO EH D QHHG WR NQRZ ZKHWKHU

WKHVH QHZ FXUULFXOD DUH EHLQJ HIIHFWLYHO\ LPSOHPHQWHG

DQG ZKHWKHU WKH\ DUH PHHWLQJ WKH QHHGV RI VWXGHQWV�

&XUULFXOXP HYDOXDWLRQ� DW WKH SURYLQFLDO OHYHO�

LQYROYHV PDNLQJ MXGJHPHQWV DERXW WKH HIIHFWLYHQHVV RI

SURYLQFLDOO\ DXWKRUL]HG FXUULFXOD�

&XUULFXOXP HYDOXDWLRQ LQYROYHV WKH JDWKHULQJ RI

LQIRUPDWLRQ �WKH DVVHVVPHQW SKDVH� DQG WKH PDNLQJ RI

MXGJHPHQWV RU GHFLVLRQV EDVHG RQ WKH LQIRUPDWLRQ

FROOHFWHG �WKH HYDOXDWLRQ SKDVH�� WR GHWHUPLQH KRZ

ZHOO WKH FXUULFXOXP LV SHUIRUPLQJ� 7KH SULQFLSDO

UHDVRQ IRU FXUULFXOXP HYDOXDWLRQ LV WR SODQ

LPSURYHPHQWV WR WKH FXUULFXOXP� 6XFK LPSURYHPHQWV

PLJKW LQYROYH FKDQJHV WR WKH FXUULFXOXP GRFXPHQW

DQG�RU WKH SURYLVLRQ RI UHVRXUFHV RU LQVHUYLFH WR

WHDFKHUV� ,W LV LQWHQGHG WKDW FXUULFXOXP HYDOXDWLRQ EH

D VKDUHG� FROODERUDWLYH HIIRUW LQYROYLQJ DOO RI WKH PDMRU

HGXFDWLRQ SDUWQHUV LQ WKH SURYLQFH� $OWKRXJK

6DVNDWFKHZDQ (GXFDWLRQ LV UHVSRQVLEOH IRU FRQGXFWLQJ

FXUULFXOXP HYDOXDWLRQV� YDULRXV DJHQFLHV DQG

HGXFDWLRQDO JURXSV ZLOO EH LQYROYHG� )RU LQVWDQFH�

FRQWUDFWRUV PD\ EH KLUHG WR
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GHVLJQ DVVHVVPHQW LQVWUXPHQWV� WHDFKHUV ZLOO EH

LQYROYHG LQ LQVWUXPHQW GHYHORSPHQW� YDOLGDWLRQ� ILHOG

WHVWLQJ� VFRULQJ� DQG GDWD LQWHUSUHWDWLRQ� DQG WKH

FRRSHUDWLRQ RI VFKRRO GLYLVLRQV DQG VFKRRO ERDUGV ZLOO

EH QHFHVVDU\ IRU WKH VXFFHVVIXO RSHUDWLRQ RI WKH

SURJUDP�

,Q WKH DVVHVVPHQW SKDVH� LQIRUPDWLRQ ZLOO EH

JDWKHUHG IURP VWXGHQWV� WHDFKHUV� DQG

DGPLQLVWUDWRUV� 7KH LQIRUPDWLRQ REWDLQHG IURP

HGXFDWRUV ZLOO LQGLFDWH WKH GHJUHH WR ZKLFK WKH

FXUULFXOXP LV EHLQJ LPSOHPHQWHG� WKH VWUHQJWKV DQG

ZHDNQHVVHV RI WKH FXUULFXOXP� DQG WKH SUREOHPV

HQFRXQWHUHG LQ WHDFKLQJ LW� 7KH LQIRUPDWLRQ IURP

VWXGHQWV ZLOO LQGLFDWH KRZ ZHOO WKH\ DUH DFKLHYLQJ WKH

LQWHQGHG REMHFWLYHV DQG ZLOO SURYLGH LQGLFDWLRQV DERXW

WKHLU DWWLWXGHV WRZDUG WKH FXUULFXOXP� 6WXGHQW

LQIRUPDWLRQ ZLOO EH JDWKHUHG WKURXJK WKH XVH RI D

YDULHW\ RI VWUDWHJLHV LQFOXGLQJ SDSHU�DQG�SHQFLO WHVWV

�REMHFWLYH DQG RSHQ�UHVSRQVH�� SHUIRUPDQFH �KDQGV

RQ� WHVWV� LQWHUYLHZV� VXUYH\V� DQG REVHUYDWLRQ�

$V SDUW RI WKH HYDOXDWLRQ SKDVH� DVVHVVPHQW

LQIRUPDWLRQ ZLOO EH LQWHUSUHWHG E\ UHSUHVHQWDWLYHV RI

DOO PDMRU HGXFDWLRQ SDUWQHUV LQFOXGLQJ WKH &XUULFXOXP

DQG (YDOXDWLRQ 'LYLVLRQV RI 6DVNDWFKHZDQ (GXFDWLRQ

DQG FODVVURRP WHDFKHUV� 7KH LQIRUPDWLRQ FROOHFWHG

GXULQJ WKH DVVHVVPHQW SKDVH ZLOO EH H[DPLQHG� DQG

UHFRPPHQGDWLRQV� JHQHUDWHG E\ DQ LQWHUSUHWDWLRQ

SDQHO� ZLOO DGGUHVV DUHDV LQ ZKLFK LPSURYHPHQWV FDQ

EH PDGH� 7KHVH UHFRPPHQGDWLRQV ZLOO EH IRUZDUGHG

WR WKH DSSURSULDWH JURXSV VXFK DV WKH &XUULFXOXP DQG

,QVWUXFWLRQ 'LYLVLRQ� VFKRRO GLYLVLRQV DQG VFKRROV�

XQLYHUVLWLHV� DQG HGXFDWLRQDO RUJDQL]DWLRQV LQ WKH

SURYLQFH�

$OO SURYLQFLDO FXUULFXOD ZLOO EH LQFOXGHG ZLWKLQ WKH

VFRSH RI FXUULFXOXP HYDOXDWLRQ� (YDOXDWLRQV ZLOO EH

FRQGXFWHG GXULQJ WKH LPSOHPHQWDWLRQ SKDVH IRU QHZ

FXUULFXOD� DQG UHJXODUO\ RQ D URWDWLQJ EDVLV WKHUHDIWHU�

&XUULFXOXP HYDOXDWLRQ LV GHVFULEHG LQ JUHDWHU GHWDLO LQ

WKH GRFXPHQW &XUULFXOXP (YDOXDWLRQ LQ

6DVNDWFKHZDQ �6DVNDWFKHZDQ (GXFDWLRQ� ������
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3URJUDP�2UJDQL]DWLRQ

)DFLOLWLHV�DQG�0DWHULDOV

)DFLOLWLHV DQG PDWHULDOV� E\ WKHPVHOYHV� GR QRW FUHDWH

D VFLHQFH FRXUVH� 7KH\ DUH HVVHQWLDO� EXW SURSHU XVH RI

WKH IDFLOLWLHV DQG PDWHULDOV LV ZKDW LV FULWLFDO�

*HQHUDOO\� WKH IDFLOLWLHV ZKLFK H[LVW LQ PRVW VFKRROV

RIIHULQJ 6HFRQGDU\ /HYHO VFLHQFH FRXUVHV ZLOO EH

DGHTXDWH IRU WHDFKLQJ 6FLHQFH ���

6LQFH D ZLGH UDQJH RI WHDFKLQJ VWUDWHJLHV LV GHVLUDEOH

LQ WKLV FRXUVH� PRUH IOH[LEOH WHDFKLQJ DUHDV DUH XVHIXO�

7KLV PLJKW EH D ZHOO GHVLJQHG ODERUDWRU\ ZKLFK FDQ

EH UHFRQILJXUHG WR DFFRPPRGDWH VPDOO JURXS GLV�

FXVVLRQV� VPDOO JURXS DQG ODUJH JURXS ODERUDWRU\

DFWLYLWLHV� OHFWXUHV� UHVHDUFK ZRUN RU RWKHU DFWLYLWLHV�

2U� LW PD\ EH D FRPELQDWLRQ RI WZR RU PRUH H[LVWLQJ

URRPV�

6RPH IHDWXUHV RI D JRRG VFLHQFH ODERUDWRU\�IDFLOLW\

DUH�

� WZR H[LWV� UHPRWH IURP HDFK RWKHU�

� PDVWHU VKXW�RII FRQWUROV IRU WKH ZDWHU� QDWXUDO JDV�

DQG HOHFWULFDO V\VWHPV� 7KHVH VKRXOG EH HDVLO\

DFFHVVLEOH DQG HDV\ WR RSHUDWH�

� D VSDFLRXV DFWLYLW\ DUHD ZKHUH VWXGHQWV FDQ ZRUN

ZLWKRXW EHLQJ FURZGHG RU MRVWOHG�

� VDIHW\ HTXLSPHQW ZKLFK LV YLVLEOH DQG DFFHVVLEOH WR

DOO�

� D YHQWLODWLRQ V\VWHP ZKLFK PDLQWDLQV QHJDWLYH

SUHVVXUH LQ WKH ODE�

� HQRXJK HOHFWULFDO RXWOHWV WR PDNH WKH XVH RI

H[WHQVLRQ FRUGV XQQHFHVVDU\� 7KH SOXJV VKRXOG EH

RQ D JURXQG IDXOW LQWHUUXSWRU V\VWHP RU LQGLYLGXDOO\

SURWHFWHG�

� HPHUJHQF\ OLJKWLQJ�

� VHSDUDWH� ORFNHG VWRUDJH URRPV DQG SUHSDUDWLRQ

URRPV WR ZKLFK VWXGHQWV
 DFFHVV LV UHVWULFWHG�

� DGHTXDWH VKHOYLQJ VR WKDW PDWHULDOV GR QRW KDYH WR

EH VWDFNHG� XQOHVV LW LV DSSURSULDWH WR VWRUH WKHP

WKDW ZD\�

� D VHSDUDWH FKHPLFDO VWRUDJH FDELQHW ZLWK SURYLVLRQV

IRU SURSHU VWRUDJH RI DOO FODVVHV RI FKHPLFDOV�

� DQ DXGLRYLVXDO VWRUDJH DUHD IRU FKDUWV� YLGHR DQG

DXGLR WDSHV� VOLGHV� DQG MRXUQDOV�

� DUHDV IRU SODQW DQG DQLPDO FDUH� DQG�

� D VWRUDJH DUHD IRU VWXGHQW DVVLJQPHQWV�

0DWHULDOV ZKLFK DUH QRUPDOO\ DYDLODEOH LQ D

6HFRQGDU\ /HYHO VFLHQFH ODERUDWRU\ ZLOO EH DGHTXDWH

IRU GRLQJ PRVW RI WKH DFWLYLWLHV LQ 6FLHQFH ��� 2WKHU

PDWHULDOV PD\ EH QHHGHG� EXW WKH\ DUH UHDGLO\

DYDLODEOH IURP VXSSOLHUV RI VFLHQFH PDWHULDOV�

6FLHQFH HTXLSPHQW DQG VXSSOLHV DUH YDOXDEOH

UHVRXUFHV� 1RW RQO\ DUH WKH\ EHFRPLQJ PRUH

H[SHQVLYH� EXW WKH\ DUH DOVR LQGLVSHQVDEOH WR WKH

SURSHU SUHVHQWDWLRQ RI VFLHQFH� 7KHUH DUH VHYHUDO

UHDVRQV IRU KDYLQJ DQ HIILFLHQWO\ RSHUDWLQJ LQYHQWRU\

V\VWHP� 6XFK D V\VWHP FDQ SUHYHQW UXQQLQJ VKRUW RI D

FRQVXPDEOH VXSSO\� SUHYHQW RUGHULQJ VRPHWKLQJ

DOUHDG\ LQ DGHTXDWH VXSSO\� DQG VDYH WLPH ZKHQ

RUGHULQJ� ,W FDQ DFW DV D TXLFN UHIHUHQFH WR GHWHUPLQH

ZKHWKHU D SDUWLFXODU LWHP LV DYDLODEOH� ,W PD\ DOVR EH

XVHIXO IRU LQVXUDQFH SXUSRVHV�

,Q DGGLWLRQ WR LQYHQWRU\ FRQWURO� PDLQWHQDQFH DQG

VWRUDJH DUH LPSRUWDQW FRQVLGHUDWLRQV� $ UHJXODU

SURFHGXUH IRU PDLQWHQDQFH HQVXUHV WKDW WKH

HTXLSPHQW LV UHDG\ IRU XVH ZKHQ LW LV QHHGHG DQG LV LQ

VDIH RSHUDWLQJ FRQGLWLRQ� $GHTXDWH VWRUDJH VSDFH

HQVXUHV WKDW WKH HTXLSPHQW FDQ EH SUHVHUYHG LQ JRRG

FRQGLWLRQ DQG WKDW LW LV VDIHO\ DZD\ IURP XQDXWKRUL]HG

XVH� ,W DOVR KHOSV FRQYH\ WKH PHVVDJH WKDW ODERUDWRU\

HTXLSPHQW DQG VXSSOLHV DUH QRW WR\V� DQG WKDW D ODE LV

QRW D SODFH WR SOD\ ZLWK HTXLSPHQW�

6DIHW\

6DIHW\ LQ WKH FODVVURRP LV RI SDUDPRXQW LPSRUWDQFH�

2WKHU FRPSRQHQWV RI HGXFDWLRQ � UHVRXUFHV� WHDFKLQJ

VWUDWHJLHV� IDFLOLWLHV � DWWDLQ WKHLU PD[LPXP XWLOLW\

RQO\ LQ D VDIH FODVVURRP� 6DIHW\ LV QR ORQJHU VLPSO\ D

PDWWHU RI FRPPRQ VHQVH� 7R FUHDWH D VDIH FODVVURRP

UHTXLUHV WKDW D WHDFKHU EH LQIRUPHG� EH DZDUH� DQG EH

SURDFWLYH� 7KHUH DUH VHYHUDO ZD\V WKH WHDFKHU FDQ

EHFRPH LQIRUPHG� &KHFN WKHVH UHDGLQJ PDWHULDOV�

6DIHW\ LQ WKH 6HFRQGDU\ 6FLHQFH &ODVVURRP� �������

1DWLRQDO 6FLHQFH 7HDFKHUV $VVRFLDWLRQ� ����

&RQQHFWLFXW $YHQXH 1RUWK :HVW� :DVKLQJWRQ� '�&�

������

$ *XLGH WR /DERUDWRU\ 6DIHW\ DQG &KHPLFDO

0DQDJHPHQW LQ 6FKRRO 6FLHQFH 6WXG\ $FWLYLWLHV�
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������� 6DVNDWFKHZDQ (QYLURQPHQW DQG 3XEOLF

6DIHW\� 5HJLQD�

6DIHW\ VHVVLRQV DUH RIWHQ RIIHUHG DW VFLHQFH WHDFKHUV


FRQYHQWLRQV� 0DQ\ DUWLFOHV LQ VFLHQFH WHDFKHUV


MRXUQDOV SURYLGH KHOSIXO KLQWV RQ VDIHW\� 3URIHVVLRQDO

H[FKDQJH PD\ SURYLGH WHDFKHUV ZLWK DQ RXWVLGH

YLHZSRLQW RQ VDIHW\�

$ZDUHQHVV LV QRW VRPHWKLQJ WKDW FDQ EH OHDUQHG DV

PXFK DV LW LV GHYHORSHG WKURXJK D YLVLEOH VDIHW\

HPSKDVLV� VDIHW\ HTXLSPHQW VXFK DV D ILUH

H[WLQJXLVKHU� D ILUH EODQNHW� DQG DQ H\H ZDVK VWDWLRQ

SURPLQHQWO\ GLVSOD\HG� VDIHW\ SRVWHUV RQ WKH ZDOO� D

�VDIHW\ FODVV� ZLWK VWXGHQWV DW WKH VWDUW RI WKH \HDU�

DQG UHJXODU HPSKDVLV RQ VDIHW\ SUHFDXWLRQV ZKLOH

SUHSDULQJ VWXGHQWV IRU DFWLYLWLHV�

3URDFWLRQ LV DFFRPSOLVKHG E\ DFWLQJ RQ ZKDW LV NQRZQ

DQG RQ ZKDW RQH LV DZDUH RI� 6L[ EDVLF SULQFLSOHV

JXLGH WKH FUHDWLRQ DQG PDLQWHQDQFH RI D VDIH

FODVVURRP�

�0RGHO VDIH SURFHGXUHV DW DOO WLPHV�

� ,QVWUXFW VWXGHQWV DERXW VDIH SURFHGXUHV DW HYHU\

RSSRUWXQLW\� 6WUHVV WKDW WKH\ VKRXOG UHPHPEHU WR

XVH VDIH SURFHGXUHV ZKHQ H[SHULPHQWLQJ DW KRPH�

� &ORVH VXSHUYLVLRQ RI VWXGHQWV DW DOO WLPHV GXULQJ

DFWLYLWLHV� DORQJ ZLWK JRRG RUJDQL]DWLRQ� FDQ DYHUW

VLWXDWLRQV ZKHUH DFFLGHQWV DQG LQFLGHQWV FDQ RFFXU�

,QDSSURSULDWH EHKDYLRXUV LQ D FODVVURRP� DQG PRUH

SDUWLFXODUO\ LQ D ODERUDWRU\� FDQ UHVXOW LQ SK\VLFDO

GDQJHU WR DOO SUHVHQW DQG GHVWUR\ WKH OHDUQLQJ

DWPRVSKHUH IRU WKH FODVV�

� %H DZDUH RI DQ\ KHDOWK RU DOOHUJ\ SUREOHPV WKDW

VWXGHQWV PD\ KDYH�

� 'LVSOD\ FRPPHUFLDO� WHDFKHU�PDGH� RU VWXGHQW�PDGH

VDIHW\ SRVWHUV�

� 7DNH D ILUVW DLG FRXUVH� ,I DQ LQMXU\ LV EH\RQG \RXU

OHYHO RI FRPSHWHQFH WR WUHDW� ZDLW XQWLO PHGLFDO KHOS

DUULYHV�

7R FRPSLOH D FRPSOHWH OLVW RI VDIHW\ WLSV LV LPSRVVLEOH�

7R FRPSLOH D FRPSUHKHQVLYH OLVW ZRXOG EH WR GXSOLFDWH

WKH PDWHULDOV ZKLFK KDYH EHHQ UHIHUHQFHG SUHYLRXVO\�

7R FRPSLOH D �KLJKOLJKWV� OLVW ZRXOG EH WR ULVN OHDYLQJ

RXW VRPHWKLQJ LPSRUWDQW� 7R FRPSLOH QR OLVW ZRXOG EH

QHJOLJHQW� :KDW IROORZV LV D KLJKOLJKW OLVW� 7KLV OLVW

GRHV QRW GLPLQLVK WKH UHVSRQVLELOLW\ RI HDFK WHDFKHU WR

EH IXQFWLRQLQJ DW WKH KLJKHVW OHYHO ZLWK UHVSHFW WR

FUHDWLQJ D VDIH FODVVURRP FOLPDWH�

� &KHFN \RXU FODVVURRP IRU KD]DUGV RQ D UHJXODU

EDVLV�

� &UHDWH D EXOOHWLQ ERDUG ZLWK D VDIHW\ WKHPH�

�0DNH D UXOH WKDW DOO DFFLGHQWV PXVW EH UHSRUWHG WR

WKH WHDFKHU�

� ,Q FDVH RI D VHULRXV DFFLGHQW� SLFN RQH SHUVRQ ZKR LV

SUHVHQW DQG VHQG WKDW SHUVRQ IRU H[SHUW�

SURIHVVLRQDO� RU DGGLWLRQDO KHOS� 7KHQ� WDNH DFWLRQ�

5HPHPEHU� \RX DUH LQ FKDUJH RI WKH VLWXDWLRQ�

� %HFRPH IDPLOLDU ZLWK WKH VFKRRO GLYLVLRQ
V DFFLGHQW

SROLF\�

� 'R QRW JLYH PHGLFDO DGYLFH�

�0RYH DQ LQMXUHG SHUVRQ DV OLWWOH DV SRVVLEOH XQWLO

WKH LQMXU\ DVVHVVPHQW LV FRPSOHWH�

� (PSKDVL]H WKDW H[WUD FDXWLRQ LV QHHGHG ZKHQ XVLQJ

RSHQ IODPHV LQ WKH FODVVURRP�

� 5HTXLUH WKH XVH RI JRJJOHV ZKHQ XVLQJ RSHQ IODPHV�

FRUURVLYH FKHPLFDOV RU RWKHU LGHQWLILDEOH KD]DUGV�

� ,Q FDVH RI ILUH� \RXU ILUVW UHVSRQVLELOLW\ LV WR JHW VWX�

GHQWV RXW RI WKH DUHD� 6HQG D VSHFLILF SHUVRQ WR

JLYH DQ DSSURSULDWH DODUP� 7KHQ DVVHVV WKH

VLWXDWLRQ DQG DFW�

� $YRLG RYHUORDGLQJ VKHOYHV DQG ZLQGRZ VLOOV�

� 3URSHUO\ ODEHO DOO FRQWDLQHUV RI VROLGV� OLTXLGV� DQG

VROXWLRQV�

� 6HSDUDWH EURNHQ JODVV IURP RWKHU ZDVWH�

� $GYLVH VWXGHQWV QRW WR WRXFK� WDVWH� RU VPHOO

FKHPLFDOV XQOHVV LQVWUXFWHG WR GR VR�

� (DFK ODERUDWRU\ VKRXOG KDYH RQH ILUVW DLG NLW ZKLFK

LV QRW DFFHVVLEOH WR VWXGHQWV� EXW LV RQO\ IRU WKH

WHDFKHU
V RU DGPLQLVWUDWRU
V XVH�

�0DVWHU VKXW�RII FRQWUROV IRU JDV� HOHFWULFLW\� DQG

ZDWHU VKRXOG EH WHVWHG SHULRGLFDOO\ WR HQVXUH WKDW

WKH\ DUH RSHUDEOH�

� 6DIHW\ HTXLSPHQW VXFK DV ILUH H[WLQJXLVKHUV� ILUH

EODQNHWV� H\H ZDVK VWDWLRQV� JRJJOHV� IXPH KRRGV�

WHVW WXEH VSXUW FDSV� DQG H[SORVLRQ VKLHOGV PXVW EH

NHSW LQ JRRG RUGHU DQG FKHFNHG UHJXODUO\�

� (OHFWULFDO FRUGV PXVW EH NHSW LQ JRRG FRQGLWLRQ� DQG

UHPRYHG IURP RXWOHWV E\ JUDVSLQJ WKH SOXJ�
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� 6WXGHQWV VKRXOG XVH VDIHW\ HTXLSPHQW � SURWHFWLYH

H\H ZHDU� SURWHFWLYH DSURQV RU FRDWV� IXPH KRRGV�

HWF� � ZKHQHYHU SUDFWLFDO DQG QHFHVVDU\�

� 6WXGHQWV VKRXOG WLH EDFN ORQJ KDLU DQG UHIUDLQ IURP

ZHDULQJ ORRVH DQG IORSS\ FORWKLQJ LQ WKH ODERUDWRU\�

� 6WXGHQWV VKRXOG QRW WDVWH DQ\ PDWHULDOV� HDW� GULQN�

RU FKHZ JXP LQ D ODERUDWRU\�

� 6WXGHQWV VKRXOG IROORZ UHFRPPHQGHG SURFHGXUHV

DQG FKHFN ZLWK WHDFKHUV EHIRUH GHYLDWLQJ IURP VXFK

SURFHGXUHV�

� 6WXGHQWV VKRXOG EH UHTXLUHG WR UHWXUQ ODERUDWRU\

HTXLSPHQW WR LWV SURSHU SODFH�

� &KHPLFDOV RU VROXWLRQV VKRXOG QHYHU EH UHWXUQHG WR

VWRFN ERWWOHV�

� 3LSHWWLQJ VKRXOG EH GRQH RQO\ ZLWK D VDIHW\ EXOE�

QHYHU E\ PRXWK�

� $FLGV RU R[LGL]HUV VKRXOG QHYHU EH PL[HG ZLWK

FRPSRXQGV FRQWDLQLQJ FKORULQH �H�J�� EOHDFK��

�0HUFXU\ WKHUPRPHWHUV VKRXOG EH UHSODFHG ZLWK

DOFRKRO WKHUPRPHWHUV�

� $VEHVWRV FHQWUHG ZLUH PDWV VKRXOG EH UHSODFHG ZLWK

SODLQ ZLUH PDWV RU ZLWK FHUDPLF FHQWUHG PDWV�

� 7KH XVH RI KXPDQ ELRORJLFDO IOXLGV LQ ODERUDWRU\

DFWLYLWLHV VKRXOG EH FORVHO\ PRQLWRUHG�

� 6WXGHQWV VKRXOG XVH RQO\ PDWHULDOV IURP WKHLU

RZQ ERG\ � EORRG� VDOLYD� HSLWKHOLDO FHOOV � ZKHQ

GRLQJ ODE DFWLYLWLHV UHTXLULQJ WKRVH PDWHULDOV�

� 6WXGHQWV VKRXOG KDYH QR FRQWDFW ZLWK ERGLO\

IOXLGV IURP DQRWKHU VWXGHQW�

� 7KH ODQFHWV XVHG WR REWDLQ EORRG VDPSOHV PXVW EH

WKH GLVSRVDEOH W\SH� DQG PXVW EH XVHG RQO\ RQFH�

� 7KH ODQFHWV PXVW EH LPPHGLDWHO\ DQG SURSHUO\

GLVSRVHG�

� $OFRKRO SUHS SDGV VKRXOG QRW EH XVHG PRUH WKDQ

RQFH�

� 6WXGHQWV VKRXOG ZDVK WKHLU KDQGV WKRURXJKO\

ZLWK VRDS DQG ZDWHU DIWHU KDQGOLQJ DQ\ ERGLO\

IOXLGV�

� 6SHFLPHQV IRU GLVVHFWLRQ� GLVVHFWLQJ WRROV DQG HTXLS�

PHQW� DQG FKHPLFDOV XVHG LQ ELRORJ\ PXVW EH NHSW

XQGHU ORFNHG VWRUDJH�

�:KHQ ILHOG PDWHULDOV VXFK DV SRQG RU VORXJK ZDWHU�

SODQWV� VRLO� RU LQVHFWV DUH FROOHFWHG� DVVXPH WKDW

WKH\ DUH FRQWDPLQDWHG E\ SDWKRJHQV DQG WUHDW WKHP

DV VXFK�

� .QRZQ SDWKRJHQV VKRXOG QRW EH FXOWXUHG� ([SRVXUH

SODWHV DQG FXOWXUH SODWHV ZLWK XQNQRZQ EDFWHULDO

FRORQLHV PXVW EH WUHDWHG DV WKRXJK WKH\ DUH

FRQWDPLQDWHG E\ SDWKRJHQV XQWLO LW FDQ EH VKRZQ

RWKHUZLVH�

�0DNH VXUH WKDW DXWRFODYHV DUH LQ JRRG RSHUDWLQJ

FRQGLWLRQ�

� $GHTXDWH YHQWLODWLRQ LV HVVHQWLDO ZKHQ ZRUNLQJ

ZLWK VSHFLPHQV SUHVHUYHG LQ IRUPDOLQ RU

IRUPDOGHK\GH�

� 3URSHU FDUH PXVW EH JLYHQ WR DQLPDOV NHSW LQ D

FODVVURRP� 5HIHU WR D JRRG DQLPDO FDUH ERRN� LI

QHHGHG�

� 8VH UXEEHU JORYHV DQG WDNH JUHDW FDUH ZKHQ

KDQGOLQJ DQ\ SODQW JURZWK KRUPRQHV VXFK DV

FROFKLFLQH� JLEEHUHOOLF DFLG� LQGROH DFHWLF DFLG� RU

5RRWRQH�70��

� &KHPLFDOV VKRXOG EH VWRUHG LQ D ORFNHG DUHD� WR

ZKLFK DFFHVV LV UHVWULFWHG�

� %H SUHSDUHG WR KDQGOH DOO FKHPLFDO VSLOOV UDSLGO\

DQG HIIHFWLYHO\�

� ,QVSHFW JODVVZDUH �H�J�� EHDNHUV� IODVNV� IRU FUDFNV

DQG FKLSV EHIRUH XVLQJ WKHP WR KHDW OLTXLGV RU KROG

FRQFHQWUDWHG FRUURVLYH OLTXLGV RU VROXWLRQV�

�0DQ\ SODQWV PD\ FRQWDLQ WR[LQV RU DOOHUJHQV�

6WXGHQWV VKRXOG EH FDXWLRQHG QRW WR WDVWH RU KDQGOH

SODQWV� 7HDFKHUV DUH UHVSRQVLEOH IRU IDPLOLDUL]LQJ

WKHPVHOYHV ZLWK DQ\ ORFDO� SURYLQFLDO� RU IHGHUDO

OHJLVODWLRQ SHUWDLQLQJ WR SODQWV DQG DQLPDOV� ,I LQ

GRXEW� LQTXLUH�

� &KHPLFDO VWRUDJH VKRXOG EH RUJDQL]HG E\ JURXSV RI

FRPSDWLEOH FRPSRXQGV� UDWKHU WKDQ E\ DOSKDEHWLFDO

RUGHU� �:LWKLQ D JURXS RI FRPSDWLEOH FRPSRXQGV�

DOSKDEHWL]LQJ FDQ EH XVHG��

� (OHFWULFDO HTXLSPHQW �H�J�� WUDQVIRUPHUV� LQGXFWLRQ

FRLOV� HOHFWURVWDWLF JHQHUDWRUV� RVFLOORVFRSHV�

GLVFKDUJH WXEHV� &URRNHV WXEHV� PDJQHWLF HIIHFWV

WXEHV� ODVHUV� IOXRUHVFHQW HIIHFWV WXEHV DQG XOWUDYLROHW

OLJKW VRXUFHV� PXVW EH NHSW LQ ORFNHG VWRUDJH�
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� 'LVFKDUJH WXEHV FDQ SURGXFH [�UD\V ZKLFK PD\

SHQHWUDWH WKH JODVV RI WKH WXEH LI RSHUDWLQJ YROWDJHV

KLJKHU WKDQ �� ��� YROWV DUH XVHG�

� /DVHUV DUH FDSDEOH RI FDXVLQJ H\H GDPDJH� 7KH OHQV

RI WKH H\H PD\ LQFUHDVH WKH LQWHQVLW\ RI OLJKW E\

� ��� ��� WLPHV DW WKH UHWLQD FRPSDUHG WR WKH SXSLO�

7R UHGXFH ULVN� ODVHUV UDWHG DW D PD[LPXP SRZHU RI

��� P: VKRXOG EH XVHG�

� /DVHUV VKRXOG EH XVHG LQ QRUPDO OLJKW FRQGLWLRQV

VR SXSLOV DUH QRW GLODWHG�

� (YHU\RQH VKRXOG VWD\ FOHDU RI WKH SULPDU\ DQG

UHIOHFWHG SDWKV�

� (YHU\RQH VKRXOG EH DOHUW WR XQLQWHQGHG

UHIOHFWLRQV�

� &RQWDFW OHQVHV FRPSOLFDWH H\H VDIHW\� 'XVW DQG

FKHPLFDOV PD\ EHFRPH WUDSSHG EHKLQG D OHQV�

*DVHV DQG YDSRXUV PD\ FDXVH H[FHVVLYH ZDWHULQJ RI

WKH H\HV DQG HQWHU WKH VRIW PDWHULDO RI WKH OHQV�

&KHPLFDO VSODVKHV PD\ EH PRUH LQMXULRXV GXH WR WKH

LQDELOLW\ WR UHPRYH WKH OHQV UDSLGO\ DQG DGPLQLVWHU

ILUVW DLG� 7KH ORVV RU GLVORGJLQJ RI D FRQWDFW OHQV

PD\ FDXVH D VDIHW\ SUREOHP LI LW KDSSHQV DW D

FUXFLDO PRPHQW�

2Q WKH RWKHU KDQG� FRQWDFWV� LQ FRPELQDWLRQ ZLWK

VDIHW\ H\H ZHDU� DUH DV VDIH DV H\HJODVVHV LQ PRVW

FDVHV� &RQWDFWV PD\ SUHYHQW VRPH LUULWDQWV IURP

UHDFKLQJ WKH FRUQHD� WKXV JLYLQJ WKH H\H VRPH

PHDVXUH RI SURWHFWLRQ� 7KH 6DVNDWFKHZDQ

$VVRFLDWLRQ RI 2SWRPHWULVWV IHHOV WKDW� DV ORQJ DV

SURSHU� YHQWHG VDIHW\ JRJJOHV DUH ZRUQ� WKHUH LV QR

JUHDWHU ULVN LQ D ODE VLWXDWLRQ IRU D SHUVRQ ZHDULQJ

FRQWDFWV WKDQ IRU RQH QRW ZHDULQJ FRQWDFWV� 7KH

$VVRFLDWLRQ UHFRPPHQGV WKDW�

� WHDFKHUV NQRZ ZKLFK VWXGHQWV ZHDU FRQWDFW

OHQVHV�

� WHDFKHUV NQRZ KRZ WR UHPRYH FRQWDFW OHQVHV

IURP VWXGHQWV
 H\HV VKRXOG WKH QHHG RFFXU�

� WKHUH EH DFFHVV WR DGHTXDWH DUHDV IRU WKH UHPRYDO

DQG PDLQWHQDQFH RI FRQWDFW OHQVHV� DQG�

� FRQWDFW OHQV ZHDUHUV KDYH D SDLU RI H\H JODVVHV WR

XVH LQ FDVH WKH FRQWDFW OHQVHV PXVW EH UHPRYHG�

$�%URDGHU�/RRN�DW�6DIHW\

1RUPDOO\� VDIHW\ LV XQGHUVWRRG WR EH FRQFHUQHG ZLWK

WKH SK\VLFDO VDIHW\ DQG ZHOIDUH RI SHUVRQV� DQG WR D

OHVVHU GHJUHH ZLWK SHUVRQDO SURSHUW\� 7KH GHILQLWLRQ

RI VDIHW\ FDQ DOVR EH H[WHQGHG WR D FRQVLGHUDWLRQ RI

WKH ZHOO�EHLQJ RI WKH ELRVSKHUH� 7KH FRPSRQHQWV RI

WKH ELRVSKHUH � SODQWV� DQLPDOV� HDUWK� DLU DQG ZDWHU �

GHVHUYH WKH FDUH DQG FRQFHUQ ZKLFK ZH FDQ RIIHU�

)URP NQRZLQJ ZKDW ZLOG IORZHUV FDQ EH SLFNHG WR

FRQVLGHULQJ WKH GLVSRVDO RI WR[LF ZDVWHV IURP

6HFRQGDU\ /HYHO ODERUDWRULHV� WKH VDIHW\ RI RXU ZRUOG

DQG RXU IXWXUH GHSHQGV RQ RXU DFWLRQV DQG WHDFKLQJ LQ

VFLHQFH FODVVHV�

7KH :RUNSODFH +D]DUGRXV 0DWHULDOV ,QIRUPDWLRQ

6\VWHP �:+0,6� XQGHU WKH +D]DUGRXV 3URGXFWV

$FW JRYHUQV VWRUDJH DQG KDQGOLQJ SUDFWLFHV RI

FKHPLFDOV LQ VFKRRO ODERUDWRULHV� $OO VFKRRO GLYLVLRQV

VKRXOG EH FRPSO\LQJ ZLWK WKH SURYLVLRQV RI WKH $FW�

'LVSRVLQJ�RI�&KHPLFDOV

6RPH SUHFDXWLRQV VKRXOG EH IROORZHG ZKHQ GLVSRVLQJ

RI FKHPLFDOV�

� 7KH GLVSRVDO RI OLTXLG RU DTXHRXV ZDVWHV IURP

FDWHJRULHV � DQG � VKRXOG LQYROYH GLOXWLRQ EHIRUH

SRXULQJ WKHP GRZQ WKH GUDLQ� WKHQ UXQQLQJ WDS

ZDWHU GRZQ WKH GUDLQ WR IXUWKHU GLOXWH WKHLU

VWUHQJWK� 6HH $ *XLGH WR /DERUDWRU\ 6DIHW\ DQG

&KHPLFDO 0DQDJHPHQW LQ 6FKRRO 6FLHQFH 6WXG\

$FWLYLWLHV�

� 6ROLG ZDVWHV VKRXOG EH ULQVHG WKRURXJKO\ ZLWK

ZDWHU� 7KH\ VKRXOG EH GLVSRVHG RI LQ D VSHFLDOO\

PDUNHG ZDVWH FRQWDLQHU � QRW WKH JHQHUDO FODVV

ZDVWH EDVNHW� 7KH MDQLWRU VKRXOG EH DOHUWHG WR WKH

H[LVWHQFH RI WKLV FRQWDLQHU DQG EH DVVXUHG WKDW QRQH

RI WKH PDWHULDOV DUH KD]DUGRXV�

,I� IRU DQ\ UHDVRQ� VXEVWLWXWLRQV DUH PDGH IRU

PDWHULDOV� LW LV WKH UHVSRQVLELOLW\ RI WKH WHDFKHU WR

UHVHDUFK WKH WR[LFLW\� SRWHQWLDO KD]DUGV� DQG WKH

DSSURSULDWH GLVSRVDO RI WKHVH VXEVWLWXWHG PDWHULDOV�

)HGHUDO� SURYLQFLDO� DQG PXQLFLSDO UHJXODWLRQV

UHJDUGLQJ WKH ODEHOOLQJ� VWRUDJH� DQG GLVSRVDO RI

KD]DUGRXV VXEVWDQFHV VKRXOG EH IROORZHG� 8QGHU

FXUUHQW :RUNSODFH +D]DUGRXV 0DWHULDOV ,QIRUPDWLRQ

6\VWHP �:+0,6� UHJXODWLRQV� DOO HPSOR\HHV LQYROYHG

LQ KDQGOLQJ KD]DUGRXV VXEVWDQFHV PXVW UHFHLYH

WUDLQLQJ E\ WKHLU HPSOR\HU� )RU PRUH LQIRUPDWLRQ�

FRQWDFW WKH &DQDGLDQ &HQWUH IRU 2FFXSDWLRQDO +HDOWK
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DQG 6DIHW\� RU 6DVNDWFKHZDQ +XPDQ 5HVRXUFHV�

/DERXU DQG (PSOR\PHQW�

0HDVXUHPHQW

$Q XQGHUVWDQGLQJ RI WKH LPSRUWDQFH RI PHDVXUHPHQW

LQ VFLHQFH LV FULWLFDO IRU HDFK VWXGHQW WR DFTXLUH� 7KH

LPSRUWDQFH RI PHDVXUHPHQW FDQ EH VHHQ ZKHQ LW LV

YLHZHG DV RQH FRPSRQHQW RI WKH &RPPRQ (VVHQWLDO

/HDUQLQJ RI 1XPHUDF\� 7KHUH LV DQ LPSOLFLW

DVVXPSWLRQ LQ VFLHQFH� DQG LQ VRFLHW\� WKDW

TXDQWLWDWLYH VWDWHPHQWV DUH PRUH DXWKRULWDWLYH WKDQ

DUH TXDOLWDWLYH VWDWHPHQWV� <HW� PDQ\ LPSRUWDQW

DGYDQFHV LQ VFLHQFH DUH PDGH WKURXJK LQWXLWLRQ DQG

WKURXJK FUHDWLYH OHDSV� $GYDQFHV LQ VFLHQFH DUH QRW

UHVWULFWHG WR GDWD DQDO\VLV� 6WXGHQWV PXVW VHH WKDW

PHDVXUHPHQW LV LPSRUWDQW� EXW LPSRUWDQW LQ LWV

FRQWH[W�

7R PDNH TXDQWLWDWLYH VWDWHPHQWV� PHDVXUHPHQWV

PXVW EH PDGH� 7KH DFFXUDF\ RI WKH PHDVXUHPHQWV

GHWHUPLQHV WKH FRQILGHQFH SODFHG LQ WKH IDFWV ZKLFK

DUH GHULYHG IURP WKH PHDVXUHPHQWV� ,I WKH IDFWV DUH

UHSUHVHQWHG DV EHLQJ DFFXUDWH� WKH PHDVXUHPHQWV

PXVW EH HTXDOO\ DFFXUDWH� %XW DFFXUDF\ LV QRW WKH

RQO\ IDFWRU WR FRQVLGHU ZKHQ PHDVXUHPHQW LV

GLVFXVVHG�

7KH DELOLW\ WR PDNH PHDVXUHPHQWV GHSHQGV RQ WKH

WHFKQRORJ\ DYDLODEOH� $ PHWUH VWLFN FDQ EH XVHG WR

PHDVXUH WKH OHQJWK RI D WDEOH� :KDW WHFKQRORJ\ LV

DYDLODEOH WR PHDVXUH WKH GLDPHWHU RI DQ DWRP" 6XFK

PHDVXUHPHQWV UHTXLUH D JUHDWHU GHJUHH RI IDLWK LQ WKH

WHFKQRORJ\� $W WKH IXUWKHVW UHDFKHV RI VFLHQWLILF

LQTXLU\� WHFKQRORJ\ PXVW EH GHYLVHG VR WKDW WKH

UHVXOWV RI H[RWLF H[SHULPHQWV FDQ EH GHWHFWHG�

PHDVXUHG� DQG LQWHUSUHWHG� :KDW LV PHDVXUHG

GHSHQGV XSRQ WKH DVVXPSWLRQV PDGH LQ WKH GHVLJQ�

DQG RQ WKH OLPLWDWLRQV RI WKH WHFKQRORJ\�

7KH DELOLW\ WR PDNH PHDVXUHPHQWV GHSHQGV RQ WKH

FRUUHFW XVH RI WKH WHFKQRORJ\� 3URSHU SURFHGXUHV PXVW

EH IROORZHG� HYHQ ZLWK WKH XVH RI VLPSOH GHYLFHV VXFK

DV WKHUPRPHWHUV� LI PHDVXUHPHQWV ZKLFK DFFXUDWHO\

UHSUHVHQW WKH V\VWHP XQGHU REVHUYDWLRQ DUH WR EH

PDGH� ,Q DGGLWLRQ WR SURSHU SURFHGXUHV� WKH

PHDVXUHPHQW GHYLFHV PXVW EH XVHG DSSURSULDWHO\�

(YHQ WKRXJK D WKHUPRPHWHU KDV D UXOHG VFDOH� WR

PHDVXUH WKH OHQJWK RI D SHQFLO LQ GHJUHHV &HOVLXV LV

QRW D XVHIXO ZD\ WR UHSUHVHQW OHQJWK�

7KHUH PXVW EH DV OLWWOH LQWHUDFWLRQ DV SRVVLEOH EHWZHHQ

WKH WHFKQRORJ\� RU DSSOLFDWLRQ RI LW� DQG WKH REMHFW

EHLQJ PHDVXUHG� ,I WKH GHYLFH XVHG WR PHDVXUH

WKH WHPSHUDWXUH RI D V\VWHP FKDQJHV WKH WHPSHUDWXUH

RI WKDW V\VWHP E\ D VLJQLILFDQW DPRXQW� KRZ XVHIXO LV

WKH PHDVXUHPHQW" +HLVHQEHUJ IDFHG D VLPLODU

SUREOHP LQ DWWHPSWLQJ WR GHWHUPLQH WKH PRPHQWXP

DQG WKH SRVLWLRQ RI WKH HOHFWURQ LQ WKH DWRP� 3UHFLVLRQ

LQ GHWHUPLQLQJ RQH UHVXOWV LQ OHVV LQIRUPDWLRQ DERXW

WKH RWKHU�

%HIRUH WKH PDWWHU RI DFFXUDF\ LV DGGUHVVHG� WKH

VWXGHQW PXVW KDYH DQ XQGHUVWDQGLQJ RI ZKDW

WHFKQRORJ\ LV DYDLODEOH� LWV DSSURSULDWHQHVV IRU WKH

VLWXDWLRQ� WKH SURSHU XVH RI WKDW WHFKQRORJ\� DQG WKH

OLPLWV ZKLFK DUH LQKHUHQW LQ WKH WHFKQRORJ\� 2QFH

WKDW LV XQGHUVWRRG� WKH VWXGHQW FDQ WKHQ PDQLSXODWH

WKH WHFKQRORJ\ WR JLYH WKH PRVW DFFXUDWH DQG SUHFLVH

UHVXOWV�

2QH DVSHFW RI DFFXUDF\ SHUWDLQV WR WKH PDWWHU RI

XQFHUWDLQW\ LQ PHDVXUHPHQW� 7KH SHUFHQWDJH HUURU LQ

D PHDVXUHPHQW� RU WKH DEVROXWH HUURU� LV D FRQFHSW

ZKLFK VWXGHQWV PXVW GHDO ZLWK� 1R PHDVXULQJ

LQVWUXPHQW KDV ]HUR PDUJLQ RI HUURU� 1R RSHUDWRU LV

FDSDEOH RI XVLQJ DQ LQVWUXPHQW VR WKDW QR

PHDVXUHPHQW HUURU LV LQWURGXFHG� 0HDVXUHPHQW

HUURU H[LVWV DQG PXVW EH DFFRXQWHG IRU LQ UHFRUGLQJ

DQG LQWHUSUHWLQJ GDWD� $ SDUWLFXODU EDODQFH PD\ KDYH

DQ XQFHUWDLQW\ RI PHDVXUHPHQW RI ���� J� IRU

H[DPSOH� LI WKH EDODQFH LV OHYHOOHG� SURSHUO\ DGMXVWHG�

DQG ZRUNLQJ ZHOO� 7KLV EDODQFH KDV D VXLWDEOH

DFFXUDF\ IRU PHDVXULQJ D PDVV RI ������ J EXW QRW IRU

PHDVXULQJ D PDVV RI ���� J� &DOFXODWH WKH SHUFHQWDJH

HUURU LQ HDFK FDVH DQG WKH SRLQW LV FOHDU� +RZHYHU�

WKH ������ PHDVXULQJ HUURU IRU WKH ������ J PDVV

ZKLFK LV GXH WR WKH EDODQFH PD\ EH PDGH HQWLUHO\

LQVLJQLILFDQW E\ RSHUDWRU HUURUV VXFK DV KDYLQJ WKH

EDODQFH SDQ RQ WKH ZURQJ KRRN� PLVUHDGLQJ WKH VFDOH�

QRW ]HURLQJ WKH EDODQFH EHIRUH VWDUWLQJ� VWRSSLQJ WKH

RVFLOODWLRQ RI WKH EHDP ZLWK D ILQJHU� XVLQJ D ZHW RU

GLUW\ SDQ� DQG VR RQ� $FFXUDF\ UHTXLUHV ERWK JRRG

WHFKQRORJ\ DQG JRRG WHFKQLTXH�

$QRWKHU FRQFHUQ LV WKDW RI VLJQLILFDQW ILJXUHV�

0HDVXULQJ LQVWUXPHQWV FDQ RQO\ VXSSO\ D OLPLWHG

GHJUHH RI DFFXUDF\� 7KH SUREOHP PRVW RIWHQ

HQFRXQWHUHG ZLWK VWXGHQWV LV WR KDYH WKHP PDNH XVH

RI WKH PD[LPXP SUHFLVLRQ SRVVLEOH� ZLWKRXW KDYLQJ

WKHP RYHUVWDWH WKHLU FDVH� ,I VHYHQ LGHQWLFDO PDUEOHV

KDYH D WRWDO PDVV RI ���� J� WKH DYHUDJH PDVV RI D

PDUEOH LV QRW ����� ��� ��� J� $ PRUH UHDVRQDEOH

UHSRUW ZRXOG H[SUHVV WKH DYHUDJH PDVV URXQGHG RII WR

WZR GHFLPDO SODFHV�

0DQ\ VFLHQFH WH[WV KDYH VHFWLRQV GHDOLQJ ZLWK

WKH UHSRUWLQJ RI XQFHUWDLQW\ LQ PHDVXUHPHQW

DQG VLJQLILFDQW ILJXUHV� (DFK WHDFKHU RI

6FLHQFH �� VKRXOG ILQG DQ DSSURDFK WKDW LV
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FRPIRUWDEOH IRU ERWK WKH WHDFKHU DQG WKH

VWXGHQWV DQG WKHQ DGRSW DQG HPSKDVL]H WKDW

DSSURDFK�

'DWD DQDO\VLV LV DQ LPSRUWDQW UHODWHG WRSLF� 2IWHQ� LQ

RUGHU WR PDNH VHQVH RI PHDVXUHPHQWV� GDWD PXVW EH

RUJDQL]HG DQG LQWHUSUHWHG� 6WXGHQWV PXVW OHDUQ WR

RUJDQL]H WKHLU GDWD FROOHFWLRQ DQG UHFRUGLQJ VR WKDW LW

LV UHDG\ IRU DQDO\VLV� *UDSKLFDO DQDO\VLV LV RIWHQ

XVHIXO DQG VKRXOG EH VWUHVVHG� 7KH XVH RI FRPSXWHU

VRIWZDUH LV DOVR DQ RSWLRQ IRU UHFRUGLQJ DQG DQDO\VLV�

'DWDEDVHV FDQ EH XVHG WR VWRUH DQG WKHQ PDQLSXODWH

ODUJH DPRXQWV RI GDWD� 6SUHDGVKHHWV DUH DOVR XVHIXO

IRU RUJDQL]LQJ GDWD� 0DQ\ GDWDEDVH DQG VSUHDGVKHHW

SURJUDPV� DV ZHOO DV LQWHJUDWHG VRIWZDUH SDFNDJHV�

FRQWDLQ JUDSKLQJ XWLOLWLHV DQG PD\ FRQWDLQ VWDWLVWLFDO

DQDO\VLV RSWLRQV� *UDSKLQJ DQG VWDWLVWLFDO DQDO\VLV

SDFNDJHV PD\ DOVR EH SXUFKDVHG DV VWDQG�DORQH

VRIWZDUH� 7KH XVH RI FRPSXWHU DQDO\VLV VKRXOG EH

HQFRXUDJHG ZKHUHYHU SRVVLEOH�

,Q DGGLWLRQ WR WKH XVH RI FRPSXWHU DQDO\VLV� KDUGZDUH

LQWHUIDFHV WR DOORZ WKH LQSXW RI GDWD WKURXJK VHQVRUV�

ZKLFK WKH VRIWZDUH WKHQ LQWHUSUHWV DV PHDVXUHPHQWV�

DUH D YDOXDEOH DGGLWLRQ WR D VFLHQFH ODE� ,W VKRXOG EH

HPSKDVL]HG WKDW WKH XVH RI D FRPSXWHU GRHV QRW PHDQ

WKDW WKH UHVXOWV ZLOO EH HUURU IUHH� $FFXUDF\ LV PDLQO\

D IXQFWLRQ RI WKH WHFKQLFLDQ DQG� WR D OHVVHU GHJUHH� RI

WKH WHFKQRORJ\�

0HDVXUHPHQWV VKRXOG EH H[SUHVVHG XVLQJ 6, XQLWV� RU

6, DFFHSWDEOH XQLWV� ZKHQHYHU WKLV LV UHDOLVWLF RU

IHDVLEOH WR GR VR� &RPPRQ QRQ�PHWULF XQLWV PD\ EH

XVHG LI QHFHVVDU\� &RQYHUVLRQ IDFWRUV IURP QRQ�6, WR

6, RU ZLWKLQ WKH QRQ�6, XQLWV PD\ EH QHFHVVDU\� (DFK

WHDFKHU VKRXOG IROORZ WKH UHFRPPHQGDWLRQV RI WKH

&DQDGLDQ 0HWULF &RPPLVVLRQ ZLWK UHVSHFW WR WKH

EDVLF DQG GHULYHG XQLWV RI PHDVXUHPHQW DQG WKH

SURSHU V\PEROV IRU WKRVH XQLWV�

,I GHWDLOHG LQIRUPDWLRQ LV UHTXLUHG� UHIHU WR WKH

&DQDGLDQ 0HWULF 3UDFWLFH *XLGH �&$1��=��������

IURP WKH &DQDGLDQ 6WDQGDUGV $VVRFLDWLRQ� ���

5H[GDOH %RXOHYDUG� 5H[GDOH� 2QWDULR 0�: �5��� WKH

,QWHUQDWLRQDO 6\VWHP RI 8QLWV �6,� �&$1��=��������

IURP WKH &6$� RU WKH 6, 0HWULF *XLGH IRU 6FLHQFH

�6DVNDWFKHZDQ (GXFDWLRQ� ������

6FLHQWLILF QRWDWLRQ VKRXOG EH XVHG VR WKDW VWXGHQWV

EHFRPH IDPLOLDU ZLWK UHDGLQJ� PDQLSXODWLQJ� DQG

ZULWLQJ QXPEHUV LQ WKDW IRUPDW� ,Q DGGLWLRQ WR WKH

YDOXH RI 6,�QRWDWLRQ IRU HDVH LQ KDQGOLQJ YHU\ ODUJH RU

YHU\ VPDOO QXPEHUV� VWXGHQWV PXVW EH DEOH WR XVH WKLV

QRWDWLRQ WR H[SUHVV WKH QXPEHU RI VLJQLILFDQW ILJXUHV

LQ D ODUJH QXPEHU� DQG WR SHUIRUP FDOFXODWLRQV XVLQJ

VFLHQWLILF QRWDWLRQ�

2UJDQL]LQJ�D�)LHOG�7ULS

)LHOG WULSV FDQ DQG VKRXOG EH YDOXDEOH OHDUQLQJ

H[SHULHQFHV ZKLFK DOORZ VWXGHQWV WR DSSO\ WKHLU

FODVVURRP OHDUQLQJV WR DQ DFWXDO RU �UHDO� VLWXDWLRQ�

)LHOG WULSV DOVR DOORZ VWXGHQWV WKH RSSRUWXQLW\ WR

OHDUQ GLUHFWO\ UDWKHU WKDQ LQGLUHFWO\� /HDUQLQJ LV

HQKDQFHG WKURXJK GLUHFW H[SHULHQFH� )LHOG WULSV DUH

IXQ IRU HYHU\RQH LQYROYHG�

7KH NH\ WR VXFFHVVIXO ILHOG WULS H[SHULHQFHV LV FDUHIXO

DQG WKRURXJK SODQQLQJ� 7KLV SODQQLQJ WDNHV WLPH DQG

SDWLHQFH� 0DNH VXUH WR FKHFN WR VHH LI WKH VFKRRO

GLYLVLRQ KDV DQ\ VSHFLDO SROLFLHV UHJDUGLQJ ILHOG WULSV�

7KH VLPSOHVW DSSURDFK ZKHQ SODQQLQJ D ILHOG WULS LV WR

WUHDW WKH H[SHULHQFH OLNH WKH ZULWLQJ RI D QHZVSDSHU

DUWLFOH� XVLQJ WKH ILYH :V�

:K\ GR \RX ZDQW WR WDNH \RXU FODVV RQ WKLV SDUWLFXODU

WULS"

� ,V WKLV PDLQO\ D VFLHQFH DFWLYLW\ RU GRHV LW LQWHJUDWH

DFWLYLWLHV LQ RWKHU VXEMHFWV DV ZHOO"

� $UH WKH SODQQHG DFWLYLWLHV YDOLG OHDUQLQJ

H[SHULHQFHV"

:KDW OHDUQLQJV GR \RX H[SHFW \RXU VWXGHQWV WR JDLQ

IURP DQG DSSO\ WR WKLV H[SHULHQFH"

� +DYH REMHFWLYHV IRU WKH ILHOG WULS EHHQ HVWDEOLVKHG"

� +DYH DSSURSULDWH DFWLYLWLHV DQG LQVWUXFWLRQDO

DSSURDFKHV EHHQ VHOHFWHG"

� +DYH \RX DQG \RXU VWXGHQWV GRQH \RXU EDFNJURXQG

UHVHDUFK"

� $UH H[SHFWDWLRQV DERXW VWXGHQW EHKDYLRXU RQ WKH

WULS FOHDU DQG UHDOLVWLF"

:KHUH GR \RX SODQ RQ JRLQJ ZLWK \RXU FODVV"

� ,V LW DFFHVVLEOH WR DOO VWXGHQWV"

� ,V SHUPLVVLRQ RI ODQGRZQHUV RU RIILFLDOV UHTXLUHG LQ

RUGHU WR YLVLW WKLV VLWH"

� 'RHV WKH VLWH KDYH IDFLOLWLHV VXFK DV EDWKURRPV�

OXQFK DUHDV� VKHOWHUV� DSSURSULDWH HPHUJHQF\

IDFLOLWLHV� HWF�"

� ,V LW SRVVLEOH IRU \RX WR YLVLW WKH VLWH EHIRUHKDQG"

� $UH ORFDWLRQV HVWDEOLVKHG DW ZKLFK YDULRXV DFWLYLWLHV

ZLOO RFFXU"

:KHQ GR \RX SODQ RQ WDNLQJ WKLV ILHOG WULS"

� ,V WKHUH DGHTXDWH WLPH WR SODQ WKH WULS"

�:LOO UHOHYDQW LQIRUPDWLRQ EH SURYLGHG WR VWXGHQWV

EHIRUH WKH ILHOG WULS"



��

� ,V WKHUH DGHTXDWH WLPH DIWHU WKH ILHOG WULS WR GR D

ZUDS�XS"

� $UH WKHUH DQ\ SRWHQWLDO FRQIOLFWV ZLWK WKH VHOHFWHG

GDWH"

� 'RHV WKH VHOHFWHG GDWH LQGLFDWH WKH QHHG IRU VSHFLDO

FORWKLQJ RU VXSSOLHV"

� ,V WKHUH D FRQWLQJHQF\ SODQ LQ FDVH RI EDG ZHDWKHU"

� +DV SDUHQWDO FRQVHQW EHHQ REWDLQHG"

+RZ DUH \RX JRLQJ WR JHW WR WKH VLWH"

�:LOO WUDQVSRUWDWLRQ EH UHTXLUHG"

� ,V DSSURSULDWH WUDQVSRUWDWLRQ DYDLODEOH DQG

DIIRUGDEOH"

� &DQ WKH VWXGHQWV EH OHDUQLQJ GXULQJ WKH WULS WR WKH

VLWH"

+RZ ORQJ ZLOO WKLV SDUWLFXODU WULS EH"

� &DQ WLPH EH XVHG HIILFLHQWO\ DQG HIIHFWLYHO\"

� ,V WKHUH WRR PXFK WR GR DQG WRR OLWWOH WLPH"

+RZ GRHV WKH ILHOG WULS DIIHFW WKH UHVW RI WKH VFKRRO"

�:LOO VRPHRQH HOVH KDYH WR GR DGGLWLRQDO VXSHUYLVLRQ

GXWLHV"

�:LOO RWKHUV KDYH WR FKDQJH WKHLU SODQQHG DFWLYLWLHV"

�:LOO D VXEVWLWXWH WHDFKHU EH UHTXLUHG"

:KR LV FRPLQJ ZLWK \RX RQ WKH ILHOG WULS"

� $UH WKHUH VXIILFLHQW VXSHUYLVRUV IRU WKH QXPEHU RI

VWXGHQWV LQYROYHG"

� +DYH WKH SHRSOH LQ \RXU FRPPXQLW\ EHHQ XWLOL]HG

IRU WKHLU H[SHUWLVH"

� +DV WKH FODVV EHHQ GLYLGHG LQWR ZRUNLQJ JURXSV"

� +DYH OHDGHUV UHVSRQVLEOH IRU FRRUGLQDWLQJ WKH

JURXSV
 DFWLYLWLHV EHHQ VHOHFWHG IRU WKH ZRUNLQJ

JURXSV"

$OWKRXJK WKLV PD\ VHHP OLNH D JUHDW GHDO RI ZRUN�

SODQQLQJ VKRXOG EH GRQH EHIRUH HPEDUNLQJ RQ D ILHOG

WULS� 7KH PRUH FRQFUHWH DQG GHWDLOHG WKH SODQQLQJ LV�

WKH PRUH OLNHO\ LW LV WKDW WKH WULS ZLOO EH D VXFFHVV�

2QFH WKH JURXQGZRUN KDV EHHQ VHW DQG

DGPLQLVWUDWLYH DSSURYDO KDV EHHQ REWDLQHG� DSSURDFK

WKH SDUHQWV DQG WKH VWXGHQWV DERXW WKH WULS� ,W LV

DGYLVDEOH WR VHQG D OHWWHU KRPH WR WKH SDUHQWV ZKLFK

GHWDLOV WKH SURSRVHG ILHOG WULS� ,QFOXGH LQIRUPDWLRQ RQ

VXFK WKLQJV DV WKH WLPHV RI GHSDUWXUH DQG UHWXUQ� WKH

ORFDWLRQ RI WKH ILHOG WULS� WKH SHRSOH UHVSRQVLEOH IRU

VXSHUYLVLRQ� FORWKLQJ UHTXLUHPHQWV� OXQFK SODQV�

UHTXLUHG PDWHULDOV� DQWLFLSDWHG FRVWV� DQG FRQWLQJHQF\

SODQV� 7KLV OHWWHU FRXOG DOVR LQFOXGH D UHTXHVW IRU

SDUHQWDO KHOS DQG D VHSDUDWH SHUPLVVLRQ VOLS WR EH

UHWXUQHG WR WKH WHDFKHU� ,W LV D JRRG LGHD WR KDYH WKH

OHWWHU VLJQHG E\ ERWK WKH WHDFKHU DQG WKH SULQFLSDO

EHIRUH VHQGLQJ LW WR SDUHQWV�

7KH SDUHQWDO FRQVHQW IRUP ZKLFK IROORZV VHUYHV DV DQ

H[DPSOH RI RQH WKDW FRXOG EH XVHG� 1RWH WKDW WKH XVH

RI D FRQVHQW IRUP GRHV QRW UHPRYH WKH WHDFKHU RU WKH

VFKRRO GLYLVLRQ IURP WKH SRVVLELOLW\ RI LQFXUULQJ OLDEL�

OLW\ GXULQJ WKH WULS�



��

6DPSOH�3HUPLVVLRQ�)RUP�IRU�)LHOG�7ULSV

'DWH�

'HDU 3DUHQW�*XDUGLDQ�

$V D SDUW RI WKH 6FLHQFH �� SURJUDP� ZH ZLOO EH JRLQJ RQ D ILHOG WULS WR � 7KLV ILHOG WULS ZLOO

SURYLGH \RXU FKLOG ZLWK WKH RSSRUWXQLW\ WR H[SHULHQFH WKH IROORZLQJ� �SURYLGH D EULHI OLVW RI WKH DFWLYLWLHV \RX

KDYH SODQQHG��

$Q LWLQHUDU\ DQG D VFKHGXOH RI RXU SURSRVHG DFWLYLWLHV GXULQJ WKH ILHOG WULS LV LQFOXGHG IRU \RXU LQIRUPDWLRQ�

3OHDVH UHYLHZ WKLV PDWHULDO DQG FRQWDFW WKH VFKRRO LI \RX KDYH DQ\ TXHVWLRQV DERXW RXU SODQV�

<RXU FKLOG VKRXOG EULQJ WKH IROORZLQJ VXSSOLHV RQ WKH ILHOG WULS� �OLVW DQ\ VSHFLDO QHHGV�� ,I \RXU FKLOG KDV DQ\

VSHFLDO SK\VLFDO RU PHGLFDO SUREOHPV �H�J�� DOOHUJLHV�� SOHDVH EULQJ WKLV WR RXU DWWHQWLRQ� &RQWDFW WKH VFKRRO LI

\RX IHHO WKDW WKHVH SUREOHPV PD\ LQWHUIHUH ZLWK \RXU FKLOG
V SDUWLFLSDWLRQ LQ WKLV DFWLYLW\�

:H ZRXOG OLNH \RX WR FRPH DORQJ RQ WKLV H[FLWLQJ OHDUQLQJ H[SHULHQFH� :H HQFRXUDJH \RX WR VLJQ XS DV D

YROXQWHHU� 7KDQN \RX IRU \RXU FRRSHUDWLRQ�

7HDFKHU 3ULQFLSDO

&RQVHQW )RUP

, ZLOO EH DEOH WR WDNH SDUW LQ WKLV ILHOG WULS DV YROXQWHHU�

<HV 1R

&RPPHQWV�

, SHUPLW P\ FKLOG WR WDNH SDUW LQ WKH ILHOG WULS GHVFULEHG DERYH� , KDYH QRWLILHG WKH VFKRRO RI DQ\ SK\VLFDO RU

PHGLFDO SUREOHPV ZKLFK PLJKW LQWHUIHUH ZLWK P\ FKLOG
V SDUWLFLSDWLRQ LQ WKLV DFWLYLW\�

'DWH�

6LJQDWXUH�



Aids for Planning

Scope and Sequence of the Factors Forming the Dimensions of Scientific Literacy1
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([SODQDWLRQV�RI�WKH�)DFWRUV�LQ

WKH�'LPHQVLRQV�RI�6FLHQWLILF

/LWHUDF\

$� 1DWXUH RI 6FLHQFH

7KH VFLHQWLILFDOO\ OLWHUDWH SHUVRQ XQGHUVWDQGV

WKH QDWXUH RI VFLHQFH DQG VFLHQWLILF NQRZOHGJH�

6FLHQFH LV ERWK SXEOLF DQG SULYDWH� 6FLHQFH

H[SHULHQFHV VKRXOG LQWURGXFH VWXGHQWV WR WKH

SULYDWH DQG LQWXLWLYH DVSHFWV RI VFLHQWLILF

LQTXLU\ DQG GLVFRYHU\ DV ZHOO DV WR WKH PRUH

IRUPDO SXEOLF DVSHFWV RI VFLHQFH�

7KH QDWXUH RI VFLHQWLILF NQRZOHGJH LV VXFK WKDW LW LV�

$� SXEOLF�SULYDWH '�.����

6FLHQFH LV EDVHG RQ HYLGHQFH� GHYHORSHG SULYDWHO\ E\

LQGLYLGXDOV RU JURXSV� WKDW LV VKDUHG SXEOLFO\ ZLWK

RWKHUV� 7KLV SURYLGHV RWKHU LQGLYLGXDOV ZLWK WKH

RSSRUWXQLW\ WR DWWHPSW WR HVWDEOLVK WKH YDOLGLW\ DQG

UHOLDELOLW\ RI WKH HYLGHQFH�

([DPSOHV�

$IWHU VFLHQWLVWV KDYH JDWKHUHG DQG RUJDQL]HG HYLGHQFH

IRU WKHLU LGHDV� WKH\ SXEOLVK WKH HYLGHQFH DQG WKH

PHWKRGV E\ ZKLFK LW ZDV REWDLQHG� VR WKDW RWKHU

VFLHQWLVWV PD\ WHVW WKH YDOLGLW\ DQG UHOLDELOLW\ RI WKH

HYLGHQFH�

:KHQ 3RQV DQG )OHLVFKPDQ ZLWKKHOG VRPH RI WKH

HYLGHQFH DQG SURFHGXUHV IRU WKHLU FROG�IXVLRQ

GLVFRYHU\ LQ RUGHU WR SURWHFW WKHLU FODLPV IRU SDWHQW�

WKH SULQFLSOH RI SXEOLF GLVFORVXUH ZDV YLRODWHG�

$� KLVWRULF '�.����

3DVW VFLHQWLILF NQRZOHGJH VKRXOG EH YLHZHG LQ LWV

KLVWRULFDO FRQWH[W DQG QRW EH GHJUDGHG RQ WKH EDVLV RI

SUHVHQW NQRZOHGJH�

([DPSOHV�

(DFK UHILQHPHQW RI WKH PRGHO RI WKH DWRP E\

7KRPSVRQ� 5XWKHUIRUG� %RKU� DQG WKH TXDQWXP

WKHRULVWV KDV UHOLHG RQ WKH SUHYLRXV ZRUN RI RWKHUV�

6HOHFWLYH EUHHGLQJ RI FRUQ E\ WKH ,QGLDQ SHRSOHV RI

1RUWK $PHULFD SURGXFHG D KLJK TXDOLW\ IRRG SODQW�

$� KROLVWLF '�.����

$OO EUDQFKHV RI VFLHQFH DUH LQWHUUHODWHG�

([DPSOH�

7KH VWUXFWXUH RI PROHFXOHV LV D WRSLF RI LQWHUHVW IRU

SK\VLFLVWV� FKHPLVWV� DQG ELRORJLVWV�

$� UHSOLFDEOH 3�.���� '�������

6FLHQFH LV EDVHG RQ HYLGHQFH ZKLFK FRXOG EH REWDLQHG

E\ RWKHU SHRSOH ZRUNLQJ LQ D GLIIHUHQW SODFH DQG DW D

GLIIHUHQW WLPH XQGHU VLPLODU FRQGLWLRQV�

([DPSOHV�

$Q\ SURFHGXUH ZKLFK LV UHSHDWHG VKRXOG JLYH VLPLODU

UHVXOWV�

$ JURXS RI VWXGHQWV DOO SHUIRUP WKH VDPH H[SHULPHQW

DQG GLVFRYHU VLPLODULWLHV LQ WKHLU UHVXOWV�

$� HPSLULFDO 3�.���� '������

6FLHQWLILF NQRZOHGJH LV EDVHG RQ H[SHULPHQWDWLRQ RU

REVHUYDWLRQ�

([DPSOHV�

7KH JUDYLWDWLRQDO ILHOG VWUHQJWK RI WKH (DUWK FDQ EH

GHWHUPLQHG LQ WKH ODERUDWRU\�

6FLHQWLILF WKHRULHV PXVW DOZD\V EH WHVWHG

H[SHULPHQWDOO\�

� 7KH FRGH 3�.��� PHDQV WKDW SUHSDUDWLRQ IRU GHYHORSPHQW RI WKLV IDFWRU LV WR WDNH SODFH IURP NLQGHUJDUWHQ XQWLO

JUDGH �� 'HYHORSPHQW� FRGHG '������� RI WKH IDFWRU WDNHV SODFH IURP JUDGHV � WR ��� 3UHSDUDWLRQ LQYROYHV VXFK

WKLQJV DV WKH WHDFKHU XVLQJ WKH WHUP RU LWV FRQFHSWV DQG WKH VWXGHQWV EHLQJ H[SRVHG WR SKHQRPHQD ZKLFK

LOOXVWUDWH RU LQYROYH WKH IDFWRU� 'HYHORSPHQW RFFXUV ZKHQ WKH VWXGHQW DUH HQFRXUDJHG WR XVH WKH WHUP RU LWV

FRQFHSWV FRUUHFWO\�



��

$� SUREDELOLVWLF 3������ '������

6FLHQFH GRHV QRW PDNH DEVROXWH SUHGLFWLRQV RU

H[SODQDWLRQV�

([DPSOHV�

$Q HOHFWURQ RUELWDO LV D UHJLRQ LQ VSDFH ZKHUH WKHUH LV

WKH JUHDWHVW OLNHOLKRRG RI ILQGLQJ DQ HOHFWURQ�

$ ZHDWKHU IRUHFDVWHU SUHGLFWV D ��� FKDQFH RI

SUHFLSLWDWLRQ WRPRUURZ�

$� XQLTXH 3������ '������

7KH QDWXUH RI VFLHQWLILF NQRZOHGJH DQG WKH SURFHGXUHV

IRU JHQHUDWLQJ QHZ VFLHQWLILF NQRZOHGJH DUH XQLTXH

DQG GLIIHUHQW IURP WKRVH LQ RWKHU ILHOGV RI NQRZOHGJH

VXFK DV SKLORVRSK\�

([DPSOHV�

&RPSDUH WKH PHWKRGV XVHG IRU ZHDWKHU IRUHFDVWLQJ E\

PHWHRURORJLVWV DQG WKRVH XVHG E\ WKH SHRSOH

SURGXFLQJ WKH IRUHFDVWV IRU WKH )DUPHU
V $OPDQDF�

&RPSDUH *DOLOHR
V H[SHULPHQWDO DSSURDFK WR LQYHVWL�

JDWLQJ WKH UDWH DW ZKLFK KHDY\ DQG OLJKW REMHFWV IDOO

DQG $ULVWRWOH
V DSSURDFK� EDVHG RQ UHDVRQ DORQH�

$� WHQWDWLYH 3���� '������

6FLHQWLILF NQRZOHGJH LV VXEMHFW WR FKDQJH� ,W GRHV QRW

FODLP WR EH WUXWK LQ DQ DEVROXWH DQG ILQDO VHQVH� 7KLV

GRHV QRW OHVVHQ WKH YDOXH RI NQRZOHGJH IRU WKH

VFLHQWLILFDOO\ OLWHUDWH SHUVRQ�

([DPSOH�

$V QHZ GDWD EHFRPH DYDLODEOH� WKHRULHV DUH PRGLILHG

WR HQFRPSDVV WKH QHZ DQG WKH ROG GDWD� 2XU

XQGHUVWDQGLQJ RI DWRPLF VWUXFWXUH KDV FKDQJHG

FRQVLGHUDEO\ IRU WKLV UHDVRQ�

$� KXPDQ�FXOWXUH UHODWHG

3������ '�������

6FLHQWLILF NQRZOHGJH LV D SURGXFW RI KXPDQNLQG� ,W

LQYROYHV FUHDWLYH LPDJLQDWLRQ� 7KH NQRZOHGJH LV

VKDSHG E\ DQG IURP FRQFHSWV WKDW DUH D SURGXFW RI

FXOWXUH�

([DPSOHV�

9HUWHEUDWHV� DQG VSHFLILFDOO\ KXPDQV� DUH UHJDUGHG DV

EHLQJ DW WKH SLQQDFOH RI HYROXWLRQ E\ VRPH SHRSOH�

7KH XVH RI ELRWHFKQRORJ\ KDV UHVXOWHG LQ FKDQJHV LQ

UDSHVHHG WR UHPRYH HUXFLF DFLG� 7KLV KDV OHG WR WKH

GHYHORSPHQW RI LPSURYHG YDULHWLHV RI FDQROD RLO IRU

KXPDQ FRQVXPSWLRQ�

%� .H\�6FLHQFH�&RQFHSWV

7KH VFLHQWLILFDOO\ OLWHUDWH SHUVRQ XQGHUVWDQGV

DQG DFFXUDWHO\ DSSOLHV DSSURSULDWH VFLHQFH

FRQFHSWV� SULQFLSOHV� ODZV� DQG WKHRULHV LQ

LQWHUDFWLQJ ZLWK VRFLHW\ DQG WKH HQYLURQPHQW�

$PRQJ WKH NH\ FRQFHSWV RI VFLHQFH DUH�

%� FKDQJH '�.����

,W LV WKH SURFHVV RI EHFRPLQJ GLIIHUHQW� ,W PD\ LQYROYH

VHYHUDO VWDJHV�

([DPSOHV�

$Q RUJDQLVP GHYHORSV IURP DQ HJJ� PDWXUHV� DQG

HYHQWXDOO\ GLHV�

6WDUV XVH XS WKHLU IXHO DQG WKXV XQGHUJR FKDQJH�

%� LQWHUDFWLRQ '�.����

7KLV KDSSHQV ZKHQ WZR RU PRUH WKLQJV LQIOXHQFH RU

DIIHFW HDFK RWKHU�

([DPSOH�

:LWKLQ DQ HFRV\VWHP VRPH DQLPDOV KDYH WR FRPSHWH

IRU DYDLODEOH IRRG DQG VSDFH�

%� RUGHUOLQHVV '�.����

7KLV LV D UHJXODU VHTXHQFH ZKLFK HLWKHU H[LVWV LQ

QDWXUH RU LV LPSRVHG WKURXJK FODVVLILFDWLRQ�

([DPSOHV�

&U\VWDO VWUXFWXUHV FDQ EH LGHQWLILHG E\ GLIIUDFWLRQ

WHFKQLTXHV EHFDXVH RI WKH UHJXODU DUUDQJHPHQW RI

WKHLU DWRPV�

7KH SHULRGLF WDEOH RI WKH HOHPHQWV GLVSOD\V DQ RUGHUO\

DUUDQJHPHQW RI HOHPHQWV�



��

%� RUJDQLVP '�.����

$Q RUJDQLVP LV D OLYLQJ WKLQJ RU VRPHWKLQJ WKDW ZDV

RQFH DOLYH�

([DPSOHV�

:KHWKHU RU QRW D YLUXV LV D OLYLQJ RUJDQLVP LV DQ

LQWHUHVWLQJ WRSLF IRU VFLHQWLILF VFUXWLQ\�

)RVVLOV IRXQG LQ VHGLPHQWDU\ URFN SURYLGH HYLGHQFH RI

RUJDQLVPV ZKLFK EHFDPH H[WLQFW D ORQJ WLPH DJR�

%� SHUFHSWLRQ '�.����

3HUFHSWLRQ LV WKH LQWHUSUHWDWLRQ RI VHQVRU\ LQSXW E\

WKH EUDLQ�

([DPSOH�

-HW ODJ PD\ LPSDLU WKH MXGJHPHQW RI SLORWV GXULQJ

ODQGLQJ DQG WDNHRII�

%� V\PPHWU\ '�.����

7KLV LV D UHSHWLWLRQ RI D SDWWHUQ ZLWKLQ VRPH ODUJHU

VWUXFWXUH�

([DPSOH�

6RPH PROHFXODU VWUXFWXUHV DQG OLYLQJ RUJDQLVPV

H[KLELW SURSHUWLHV RI V\PPHWU\�

%� IRUFH 3�.���� '������

,W LV D SXVK RU D SXOO�

([DPSOH�

7KH ZHLJKW RI DQ REMHFW GHFUHDVHV DW KLJKHU DOWLWXGHV�

%� TXDQWLILFDWLRQ 3�.���� '������

1XPEHUV FDQ EH XVHG WR FRQYH\ LPSRUWDQW

LQIRUPDWLRQ�

([DPSOH�

7KH JUDYLWDWLRQDO IRUFH RI DWWUDFWLRQ EHWZHHQ WZR

REMHFWV FDQ EH FDOFXODWHG E\ XVLQJ 1HZWRQ
V /DZ RI

8QLYHUVDO *UDYLWDWLRQ�

%� UHSURGXFLELOLW\ RI UHVXOWV

3�.���� '������

5HSHWLWLRQ RI D SURFHGXUH VKRXOG SURGXFH WKH VDPH

UHVXOWV LI DOO RWKHU FRQGLWLRQV DUH LGHQWLFDO� ,W LV D

QHFHVVDU\ FKDUDFWHULVWLF RI VFLHQWLILF H[SHULPHQWV�

([DPSOH�

+HDWLQJ D SXUH VDPSOH RI SDUDGLFKORUREHQ]HQH VKRXOG

FDXVH LW WR PHOW DW DERXW �� (&

%�� FDXVH�HIIHFW 3�.���� '������

,W LV D UHODWLRQVKLS RI HYHQWV WKDW VXEVWDQWLDWHV WKH

EHOLHI WKDW QDWXUDO SKHQRPHQD GR QRW RFFXU UDQGRPO\�

,W HQDEOHV SUHGLFWLRQV WR EH PDGH� 7KH DGYHQW RI

FKDRV WKHRU\ KDV FDXVHG VRPH UHWKLQNLQJ RI WKLV

SULQFLSOH�

([DPSOHV�

7KH DFFHOHUDWLRQ RI D FDUW GHSHQGV RQ WKH XQEDODQFHG

IRUFH DFWLQJ XSRQ WKH FDUW�

(YHU\ HYHQW KDV D FDXVH� ,W GRHV QRW KDSSHQ E\ LWVHOI�

%�� SUHGLFWDELOLW\ 3�.���� '������

3DWWHUQV FDQ EH LGHQWLILHG LQ QDWXUH� )URP WKRVH

SDWWHUQV LQIHUHQFHV FDQ EH PDGH�

([DPSOH�

:KHQ VRGLXP PHWDO UHDFWV ZLWK ZDWHU� WKH UHVXOWLQJ

VROXWLRQ WXUQV UHG OLWPXV SDSHU EOXH�

%�� FRQVHUYDWLRQ 3�.���� '������

$Q XQGHUVWDQGLQJ RI WKH ILQLWH QDWXUH RI WKH ZRUOG
V

UHVRXUFHV� DQG DQ XQGHUVWDQGLQJ RI WKH QHFHVVLW\ WR

WUHDW WKRVH UHVRXUFHV ZLWK SUXGHQFH DQG HFRQRP\� DUH

XQGHUO\LQJ SULQFLSOHV RI FRQVHUYDWLRQ�

([DPSOHV�

,QVXODWLQJ D KRPH PD\ UHGXFH WKH DPRXQW RI HQHUJ\

QHHGHG WR KHDW LW LQ WKH ZLQWHU�

6PDOOHU� PRUH HIILFLHQW LQWHUQDO FRPEXVWLRQ HQJLQHV

FDQ EH GHVLJQHG WR XVH OHVV IXHO�



��

%�� HQHUJ\�PDWWHU 3������ '������

,W LV WKH LQWHUFKDQJHDEOH DQG GHSHQGHQW UHODWLRQVKLS

EHWZHHQ HQHUJ\ DQG PDWWHU�

([DPSOH�

:KHQ D FDQGOH EXUQV� VRPH RI WKH HQHUJ\ VWRUHG LQ

WKH ZD[ LV UHOHDVHG DV KHDW DQG OLJKW�

%�� F\FOH 3������ '������

&HUWDLQ HYHQWV RU FRQGLWLRQV DUH UHSHDWHG�

([DPSOHV�

7KH ZDWHU F\FOH� QLWURJHQ F\FOH� DQG HTXLOLEULXP DOO

VHUYH DV H[DPSOHV RI F\FOHV�

&KDQJH RFFXUULQJ LQ F\FOHV RU SDWWHUQV LV RQH RI WKH

WZHOYH SULQFLSOHV RI ,QGLDQ SKLORVRSK\�

%�� PRGHO 3������ '������

,W LV D UHSUHVHQWDWLRQ RI D UHDO VWUXFWXUH� HYHQW� RU

FODVV RI HYHQWV LQWHQGHG WR IDFLOLWDWH D EHWWHU

XQGHUVWDQGLQJ RI DEVWUDFW FRQFHSWV RU WR DOORZ VFDOLQJ

WR D PDQDJHDEOH VL]H�

([DPSOH�

:DWVRQ DQG &ULFN GHYHORSHG D PRGHO RI WKH '1$

PROHFXOH ZKLFK DOORZHG SHRSOH WR JDLQ D EHWWHU

XQGHUVWDQGLQJ RI JHQHWLFV�

%�� V\VWHP 3������ '������

$ VHW RI LQWHUUHODWHG SDUWV IRUPV D V\VWHP�

([DPSOH�

&KHPLFDO HTXLOLEULXP FDQ EH HVWDEOLVKHG RQO\ LQ D

FORVHG V\VWHP�

%�� ILHOG 3������ '������

$ ILHOG LV D UHJLRQ RI VSDFH ZKLFK LV LQIOXHQFHG E\

VRPH DJHQW�

([DPSOHV�

6LPLODUO\ FKDUJHG REMHFWV KDYH D WHQGHQF\ WR UHSHO

RQH DQRWKHU ZKHQ WKH\ DUH LQ FORVH SUR[LPLW\�

7KH VXQ LV WKH VRXUFH RI D JUDYLWDWLRQDO ILHOG ZKLFK

ILOOV VSDFH� 7KH (DUWK
V PRWLRQ LV DIIHFWHG E\ WKH

LQIOXHQFH RI WKLV ILHOG�

%�� SRSXODWLRQ 3���� '������

$ SRSXODWLRQ LV D JURXS RI RUJDQLVPV WKDW VKDUH

FRPPRQ FKDUDFWHULVWLFV�

([DPSOH�

:LOGOLIH ELRORJLVWV PRQLWRU ZKLWH WDLO GHHU WR

GHWHUPLQH WKH QXPEHU RI SHUPLWV IRU KXQWLQJ WKDW

ZLOO EH LVVXHG LQ D SDUWLFXODU ]RQH�

%�� SUREDELOLW\ 3������ '������

3UREDELOLW\ LV WKH UHODWLYH GHJUHH RI FHUWDLQW\ WKDW FDQ

EH DVVLJQHG WR FHUWDLQ HYHQWV KDSSHQLQJ LQ D VSHFLILHG

WLPH LQWHUYDO RU ZLWKLQ D VHTXHQFH RI HYHQWV�

([DPSOH�

7KH SUREDELOLW\ RI JHWWLQJ VRPH W\SHV RI FDQFHU

LQFUHDVHV ZLWK SURORQJHG H[SRVXUH WR ODUJH GRVHV RI

UDGLDWLRQ�

%�� WKHRU\ 3������ '�������

$ WKHRU\ LV D FRQQHFWHG DQG LQWHUQDOO\ FRQVLVWHQW

JURXS RI VWDWHPHQWV� HTXDWLRQV� PRGHOV� RU D

FRPELQDWLRQ RI WKHVH� ZKLFK VHUYHV WR H[SODLQ D

UHODWLYHO\ ODUJH DQG GLYHUVH JURXS RI WKLQJV DQG

HYHQWV�

([DPSOH�

$V QHZ H[SHULPHQWDO HYLGHQFH EHFRPHV DYDLODEOH�

DWRPLF WKHRU\ XQGHUJRHV IXUWKHU FKDQJH DQG

UHILQHPHQW�

%�� DFFXUDF\ 3������ '������

$FFXUDF\ LQYROYHV D UHFRJQLWLRQ WKDW WKHUH LV

XQFHUWDLQW\ LQ PHDVXUHPHQW� ,W DOVR LQYROYHV WKH

FRUUHFW XVH RI VLJQLILFDQW ILJXUHV�

([DPSOH�

$ VWRSZDWFK ZKLFK PHDVXUHV WR WKH QHDUHVW ����WK RI

D VHFRQG ZRXOG EH DQ LQDSSURSULDWH LQVWUXPHQW IRU

GHWHUPLQLQJ WKH GXUDWLRQ RI D VSDUN GLVFKDUJH�



��

%�� IXQGDPHQWDO HQWLWLHV

3���� '������

7KH\ DUH XQLWV RI VWUXFWXUH RU IXQFWLRQ ZKLFK DUH

XVHIXO LQ H[SODLQLQJ FHUWDLQ SKHQRPHQD�

([DPSOHV�

7KH FHOO LV WKH EDVLF XQLW RI RUJDQLF VWUXFWXUH�

7KH DWRP LV WKH EDVLF XQLW RI PROHFXODU VWUXFWXUH�

%�� LQYDULDQFH 3���� '������

7KLV LV D FKDUDFWHULVWLF ZKLFK VWD\V FRQVWDQW HYHQ

WKRXJK RWKHU WKLQJV PD\ FKDQJH�

([DPSOH�

0DVV LV FRQVHUYHG LQ D FKHPLFDO UHDFWLRQ�

%�� VFDOH 3���� '������

6FDOH LQYROYHV D FKDQJH LQ GLPHQVLRQV� 7KLV PD\

DIIHFW RWKHU FKDUDFWHULVWLFV RI D V\VWHP�

([DPSOH�

$ SDSHU DLUSODQH PDGH IURP D VKHHW RI QRWHERRN

SDSHU PD\ IO\ GLIIHUHQWO\ WKDQ D SODQH RI LGHQWLFDO

GHVLJQ PDGH IURP D SRVWHU�VL]HG VKHHW RI WKH VDPH

SDSHU�

%�� WLPH�VSDFH 3������ '������

,W LV D PDWKHPDWLFDO IUDPHZRUN LQ ZKLFK LW LV

FRQYHQLHQW WR GHVFULEH REMHFWV DQG HYHQWV�

([DPSOHV�

$Q DYHUDJH KXPDQ EHLQJ KDV DQ H[WHQVLRQ LQ RQH

GLUHFWLRQ RI DSSUR[LPDWHO\ � ��� PHWUHV DQG LQ

DQRWKHU GLUHFWLRQ RI DERXW �� \HDUV�

$FFRUGLQJ WR JHQHUDO UHODWLYLW\� JUDYLW\ LV QRW D IRUFH�

EXW D SURSHUW\ RI VSDFH LWVHOI� ,W LV D FXUYDWXUH LQ

WLPH�VSDFH FDXVHG E\ WKH SUHVHQFH RI DQ REMHFW�

%�� HYROXWLRQ 3������ '������

(YROXWLRQ LV D VHULHV RI FKDQJHV WKDW FDQ EH XVHG WR

H[SODLQ KRZ VRPHWKLQJ JRW WR EH WKH ZD\ LW LV RU ZKDW

LW PLJKW EHFRPH LQ WKH IXWXUH� ,W LV JHQHUDOO\

UHJDUGHG DV JRLQJ IURP VLPSOH WR FRPSOH[�

([DPSOH�

2UJDQLF HYROXWLRQ LV WKRXJKW WR SURJUHVV LQ VPDOO�

LQFUHPHQWDO FKDQJHV� 6LPLODUO\� VFLHQWLILF WKHRULHV

XQGHUJR FKDQJH WR DFFRPPRGDWH QHZ GDWD DV WKH\

EHFRPH DYDLODEOH�

%�� DPSOLILFDWLRQ 3���� '������

$PSOLILFDWLRQ LV DQ LQFUHDVH LQ PDJQLWXGH RI VRPH

GHWHFWDEOH SKHQRPHQRQ�

([DPSOH�

$ ORXGVSHDNHU SURGXFHV DQ DPSOLILFDWLRQ RI VRXQG�

%�� HTXLOLEULXP 3���� '�������

(TXLOLEULXP LV WKH VWDWH LQ ZKLFK WKHUH LV QR FKDQJH

RQ WKH PDFURVFRSLF OHYHO DQG QR QHW IRUFHV RQ WKH

V\VWHP�

([DPSOHV�

&KHPLFDO HTXLOLEULXP H[KLELWV QR FKDQJH RQ WKH

PDFURVFRSLF OHYHO�

$ ILUVW FODVV OHYHU LQ D FRQGLWLRQ RI VWDWLF HTXLOLEULXP

UHPDLQV DW UHVW� 7KH VXP RI DOO RI WKH PRPHQWV RI WKH

IRUFHV DFWLQJ LV ]HUR�

%�� JUDGLHQW 3���� '�������

$ JUDGLHQW LV D GHVFULSWLRQ RI D SDWWHUQ RU YDULDWLRQ�

7KH GHVFULSWLRQ LQFOXGHV ERWK WKH PDJQLWXGH DQG WKH

GLUHFWLRQ RI WKH FKDQJH�

([DPSOHV�

/LJKW LQWHQVLW\ GHFUHDVHV LQ D SUHGLFWDEOH PDQQHU DV

WKH GLVWDQFH IURP WKH OLJKW VRXUFH LQFUHDVHV�

2Q D PRXQWDLQ� WKH GLUHFWLRQ LQ ZKLFK WKH FKDQJH RI

VORSH LV VPDOOHVW LV WKH PRVW GHVLUDEOH URXWH WR EXLOG D

UDLOURDG OLQH�

%�� UHVRQDQFH 3���� '�������

,W LV DQ DFWLRQ ZLWKLQ RQH V\VWHP ZKLFK FDXVHV D

VLPLODU DFWLRQ ZLWKLQ DQRWKHU V\VWHP�

([DPSOHV�

$ KROORZ ZRRGHQ ER[ FDQ EH XVHG WR DPSOLI\ WKH VRXQG

RI D WXQLQJ IRUN�



��

$ ZLQH JODVV FDQ EH PDGH WR VKDWWHU E\ VRXQG

YLEUDWLRQV GXH WR PHFKDQLFDO UHVRQDQFH�

%�� VLJQLILFDQFH 3���� '�������

,W LV WKH EHOLHI WKDW FHUWDLQ GLIIHUHQFHV H[FHHG WKRVH

WKDW ZRXOG EH H[SHFWHG WR EH FDXVHG E\ FKDQFH DORQH�

([DPSOH�

$Q DQDO\VLV RI %UDKH
V GDWD OHG WR WKH GHYHORSPHQW RI

.HSOHU
V )LUVW /DZ�

%�� YDOLGDWLRQ 3���� '�������

9DOLGDWLRQ LV D EHOLHI WKDW VLPLODU UHODWLRQVKLSV

REWDLQHG E\ WZR RU PRUH GLIIHUHQW PHWKRGV UHIOHFW DQ

DFFXUDWH UHSUHVHQWDWLRQ RI WKH VLWXDWLRQ EHLQJ

LQYHVWLJDWHG�

([DPSOH�

&DUERQ��� GDWLQJ FDQ EH XVHG WR FKHFN WKH DXWKHQWL�

FLW\ RI DUFKDHRORJLFDO DUWLIDFWV�

%�� HQWURS\ 3������� '�������

(QWURS\ LV WKH UDQGRPQHVV� RU GLVRUGHU� LQ D FROOHFWLRQ

RI WKLQJV� ,W FDQ QHYHU GHFUHDVH LQ D FORVHG V\VWHP�

([DPSOH�

:KHQ VROLG VRGLXP FKORULGH GLVVROYHV LQ ZDWHU� LWV

SDUWLFOHV DUH GLVSHUVHG UDQGRPO\�

&� 3URFHVVHV�RI�6FLHQFH

7KH VFLHQWLILFDOO\ OLWHUDWH SHUVRQ XVHV SURFHVVHV

RI VFLHQFH LQ VROYLQJ SUREOHPV� PDNLQJ

GHFLVLRQV� DQG IXUWKHULQJ XQGHUVWDQGLQJ RI

VRFLHW\ DQG WKH HQYLURQPHQW�

&RPSOH[ RU LQWHJUDWHG SURFHVVHV LQFOXGH WKRVH

ZKLFK DUH PRUH EDVLF� ,QWHOOHFWXDO VNLOOV DUH

DFTXLUHG DQG SUDFWLVHG WKURXJKRXW OLIH VR WKDW

HYHQWXDOO\ VRPH FRQWURO RYHU WKHVH SURFHVVHV

FDQ IDFLOLWDWH OHDUQLQJ�

7KLV FDQ SURYLGH LQIRUPDWLRQ SURFHVVLQJ DQG

SUREOHP VROYLQJ DELOLWLHV WKDW JR EH\RQG DQ\

FXUULFXOXP�

3URFHVV VNLOOV VXFK DV DFFHVVLQJ DQG SURFHVVLQJ

LQIRUPDWLRQ� DSSO\LQJ NQRZOHGJH RI VFLHQWLILF

SULQFLSOHV WR WKH DQDO\VLV RI LVVXHV� LGHQWLI\LQJ

YDOXH SRVLWLRQV� DQG UHDFKLQJ FRQVHQVXV DUH

EHOLHYHG WR LQFOXGH WKH PRUH EDVLF SURFHVVHV RI

VFLHQFH�

7KH EDVLF SURFHVVHV RI VFLHQFH DUH�

&� FODVVLI\LQJ '�.����

&ODVVLI\LQJ LV D V\VWHPDWLF SURFHGXUH XVHG WR LPSRVH

RUGHU RQ FROOHFWLRQV RI REMHFWV RU HYHQWV�

([DPSOH�

*URXSLQJ DQLPDOV LQWR WKHLU SK\OD RU DUUDQJLQJ WKH

HOHPHQWV LQWR WKH SHULRGLF WDEOH DUH H[DPSOHV RI

FODVVLI\LQJ�

&� FRPPXQLFDWLQJ '�.����

&RPPXQLFDWLQJ LV DQ\ RQH RI VHYHUDO SURFHGXUHV IRU

WUDQVPLWWLQJ LQIRUPDWLRQ IURP RQH SHUVRQ WR DQRWKHU�

([DPSOH�

:ULWLQJ UHSRUWV� RU SDUWLFLSDWLQJ LQ GLVFXVVLRQV LQ

FODVV DUH H[DPSOHV RI FRPPXQLFDWLQJ�

&� REVHUYLQJ DQG GHVFULELQJ '�.����

7KLV LV WKH PRVW EDVLF SURFHVV RI VFLHQFH� 7KH VHQVHV

DUH XVHG WR REWDLQ LQIRUPDWLRQ DERXW WKH

HQYLURQPHQW�

([DPSOH�

'XULQJ DQ LQYHVWLJDWLRQ� D VWXGHQW ZULWHV D SDUD�

JUDSK UHFRUGLQJ WKH SURJUHVV RI D FKHPLFDO UHDFWLRQ

EHWZHHQ KRW FRSSHU PHWDO DQG VXOSKXU YDSRXU�

&� ZRUNLQJ FRRSHUDWLYHO\ '�.����

7KLV LQYROYHV DQ LQGLYLGXDO ZRUNLQJ SURGXFWLYHO\ DV D

PHPEHU RI D WHDP IRU WKH EHQHILW RI WKH WHDP
V JRDOV�

([DPSOH�

6WXGHQWV VKRXOG VKDUH UHVSRQVLELOLWLHV LQ WKH

FRPSOHWLRQ RI DQ H[SHULPHQW�



��

&� PHDVXULQJ '�.����

$Q LQVWUXPHQW LV XVHG WR REWDLQ D TXDQWLWDWLYH YDOXH

DVVRFLDWHG ZLWK VRPH FKDUDFWHULVWLF RI DQ REMHFW RU DQ

HYHQW�

([DPSOH�

7KH OHQJWK RI D PHWDO EDU FDQ EH GHWHUPLQHG WR WKH

QHDUHVW PLOOLPHWUH ZLWK DQ DSSURSULDWH PHDVXULQJ

GHYLFH�

&� TXHVWLRQLQJ 3�.���� '������

,W LV WKH DELOLW\ WR UDLVH SUREOHPV RU SRLQWV IRU

LQYHVWLJDWLRQ RU GLVFXVVLRQ�

([DPSOH�

$ VWXGHQW VKRXOG EH DEOH WR FUHDWH GLUHFWHG TXHVWLRQV

DERXW REVHUYHG HYHQWV� :KHQ PLJUDWRU\ ELUGV DUH

REVHUYHG� TXHVWLRQV VXFK DV� �:K\ GR ELUGV IORFN WR

PLJUDWH"�� �'R VRPH ELUGV PLJUDWH VLQJO\"�� DQG �+RZ

GR ELUGV NQRZ ZKHUH WR JR"� VKRXOG GLUHFW IXUWKHU LQ�

TXLU\�

&� XVLQJ QXPEHUV 3�.���� '������

7KLV LQYROYHV FRXQWLQJ RU PHDVXULQJ WR H[SUHVV LGHDV�

REVHUYDWLRQV� RU UHODWLRQVKLSV� RIWHQ DV D FRPSOHPHQW

WR WKH XVH RI ZRUGV�

([DPSOH�

� OLWUH FRQWDLQV � ��� PLOOLOLWUHV�

&� K\SRWKHVL]LQJ 3������ '������

+\SRWKHVL]LQJ LV VWDWLQJ D WHQWDWLYH JHQHUDOL]DWLRQ

ZKLFK PD\ EH XVHG WR H[SODLQ D UHODWLYHO\ ODUJH

QXPEHU RI HYHQWV� ,W LV VXEMHFW WR LPPHGLDWH RU

HYHQWXDO WHVWLQJ E\ H[SHULPHQWV�

([DPSOH�

0DNLQJ SUHGLFWLRQV DERXW WKH LPSRUWDQFH RI YDULRXV

FRPSRQHQWV RI D SHQGXOXP ZKLFK PD\ LQIOXHQFH LWV

SHULRG LV DQ H[DPSOH RI K\SRWKHVL]LQJ�

&� LQIHUULQJ 3������ '������

,W LV H[SODLQLQJ DQ REVHUYDWLRQ LQ WHUPV RI SUHYLRXV

H[SHULHQFH�

([DPSOH�

$IWHU QRWLFLQJ WKDW VDOLQH VORXJKV KDYH D GLIIHUHQW

LQVHFW SRSXODWLRQ WKDQ IUHVKHU VORXJKV� RQH PLJKW

LQIHU WKDW VPDOO FKDQJHV LQ DQ HQYLURQPHQW FDQ DIIHFW

SRSXODWLRQV�

&�� SUHGLFWLQJ 3������ '������

7KLV LQYROYHV GHWHUPLQLQJ IXWXUH RXWFRPHV RQ WKH

EDVLV RI SUHYLRXV LQIRUPDWLRQ�

([DPSOH�

*LYHQ WKH UHVXOWV RI WKH KRXUO\ SRSXODWLRQ FRXQWV LQ D

\HDVW FXOWXUH RYHU D � KRXU SHULRG� RQH FRXOG DWWHPSW

WR SUHGLFW WKH SRSXODWLRQ DIWHU � KRXUV�

&�� FRQWUROOLQJ YDULDEOHV

3������ '������

&RQWUROOLQJ YDULDEOHV LV EDVHG RQ LGHQWLI\LQJ DQG

PDQDJLQJ WKH FRQGLWLRQV WKDW PD\ LQIOXHQFH D

VLWXDWLRQ RU HYHQW�

([DPSOHV�

,I DOO RWKHU IDFWRUV ZKLFK PD\ EH LPSRUWDQW LQ SODQW

JURZWK DUH LGHQWLILHG DQG PDGH VLPLODU �FRQWUROOHG��

WKH HIIHFW RI JLEEHUHOOLF DFLG FDQ EH REVHUYHG�

,Q RUGHU WR WHVW WKH HIIHFW RI IHUWLOL]HU RQ SODQW JURZWK�

DOO RWKHU IDFWRUV ZKLFK PD\ EH LPSRUWDQW LQ SODQW

JURZWK PXVW EH LGHQWLILHG DQG FRQWUROOHG VR WKDW WKH

HIIHFW RI WKH IHUWLOL]HU FDQ EH GHWHUPLQHG�

&�� LQWHUSUHWLQJ GDWD 3���� '������

7KLV LPSRUWDQW SURFHVV LV EDVHG RQ ILQGLQJ D SDWWHUQ

LQ D FROOHFWLRQ RI GDWD� ,W OHDGV WR D JHQHUDOL]DWLRQ�

([DPSOH�

&RQFOXGLQJ WKDW WKH PDVV RI WKH SHQGXOXP ERE GRHV

QRW DIIHFW WKH SHULRG RI D SHQGXOXP PLJKW EH EDVHG RQ

WKH VLPLODULW\ RI SHULRGV RI ��� J� ��� J� DQG ��� J

SHQGXOXPV�

&�� IRUPXODWLQJ PRGHOV

3������ '������

0RGHOV DUH XVHG WR UHSUHVHQW DQ REMHFW� HYHQW� RU

SURFHVV�

([DPSOH�

9HFWRU GHVFULSWLRQV RI KRZ IRUFHV LQWHUDFW DUH PRGHOV�



��

&�� SUREOHP VROYLQJ 3������ '������

6FLHQWLILF NQRZOHGJH LV JHQHUDWHG E\� DQG XVHG IRU�

DVNLQJ TXHVWLRQV FRQFHUQLQJ WKH QDWXUDO ZRUOG�

4XDQWLWDWLYH PHWKRGV DUH IUHTXHQWO\ HPSOR\HG�

([DPSOH�

$ NQRZOHGJH RI JHQHWLFV DQG WKH WHFKQLTXHV RI

UHFRPELQDQW '1$ DUH XVHG WR FUHDWH EDFWHULD ZKLFK

SURGXFH LQVXOLQ�

&�� DQDO\]LQJ 3������ '������

,W LV H[DPLQLQJ VFLHQWLILF LGHDV DQG FRQFHSWV WR

GHWHUPLQH WKHLU HVVHQFH RU PHDQLQJ�

([DPSOHV�

'HWHUPLQLQJ ZKHWKHU D K\SRWKHVLV LV WHQDEOH UHTXLUHV

DQDO\VLV�

'HWHUPLQLQJ ZKLFK DPLQR DFLG VHTXHQFH SURGXFHV

LQVXOLQ UHTXLUHV DQDO\VLV�

&�� GHVLJQLQJ H[SHULPHQWV 3������ '������

'HVLJQLQJ H[SHULPHQWV LQYROYHV SODQQLQJ D VHULHV RI

GDWD�JDWKHULQJ RSHUDWLRQV ZKLFK ZLOO SURYLGH D EDVLV

IRU WHVWLQJ D K\SRWKHVLV RU DQVZHULQJ D TXHVWLRQ�

([DPSOH�

$XWRPRELOH PDQXIDFWXUHUV WHVW VHDW EHOW SHUIRUPDQFH

LQ FUDVK WHVWV�

&�� XVLQJ PDWKHPDWLFV 3���� '������

:KHQ XVLQJ PDWKHPDWLFV� QXPHULF RU VSDWLDO

UHODWLRQVKLSV DUH H[SUHVVHG LQ DEVWUDFW WHUPV�

([DPSOH�

3URMHFWLOH WUDMHFWRULHV FDQ EH SUHGLFWHG XVLQJ

PDWKHPDWLFV�

&�� XVLQJ WLPH�VSDFH UHODWLRQVKLSV

3������ '������

7KHVH DUH WKH WZR FULWHULD XVHG WR GHVFULEH WKH

ORFDWLRQ RI WKLQJV RU HYHQWV�

([DPSOH�

'HVFULEH WKH PLJUDWRU\ SDWKV RI WKH EDUUHQ ODQGV

FDULERX�

&�� FRQVHQVXV PDNLQJ 3������ '������

&RQVHQVXV PDNLQJ LV UHDFKLQJ DQ DJUHHPHQW ZKHQ D

GLYHUVLW\ RI RSLQLRQV H[LVW�

([DPSOHV�

$ GLVFXVVLRQ RI WKH GLVSRVDO RI WR[LF ZDVWH� EDVHG RQ

UHVHDUFK� JLYHV D JURXS RI VWXGHQWV WKH RSSRUWXQLW\ WR

GHYHORS D SRVLWLRQ WKH\ ZLOO EH XVLQJ LQ D GHEDWH�

6FLHQWLVWV ZHUH LQLWLDOO\ GLYLGHG UHJDUGLQJ WKH FROG

IXVLRQ GHEDWH� 7KH\ KHOG FRQIHUHQFHV EXW ZHUH VWLOO

XQDEOH WR DJUHH RQ WKLV LVVXH� )XUWKHU H[SHULPHQWDO

UHVXOWV ZHUH QHHGHG�

&�� GHILQLQJ RSHUDWLRQDOO\ 3������ '�������

,W LV SURGXFLQJ D GHILQLWLRQ RI D WKLQJ RU HYHQW E\

JLYLQJ D SK\VLFDO GHVFULSWLRQ RU WKH UHVXOWV RI D JLYHQ

SURFHGXUH�

([DPSOH�

$Q DFLG WXUQV EOXH OLWPXV SDSHU UHG DQG WDVWHV VRXU�

&�� V\QWKHVL]LQJ 3������� '�������

6\QWKHVL]LQJ LQYROYHV FRPELQLQJ SDUWV LQWR D FRPSOH[

ZKROH�

([DPSOHV�

3RO\PHUV FDQ EH SURGXFHG WKURXJK WKH FRPELQDWLRQ RI

VLPSOHU PRQRPHUV�

$ VWXGHQW HVVD\ PD\ LQYROYH WKH V\QWKHVLV RI D ZLGH

YDULHW\ RI NQRZOHGJH� VNLOOV� DWWLWXGHV� DQG SURFHVVHV�

'� 6FLHQFH�7HFKQRORJ\�6RFLHW\�

(QYLURQPHQW�,QWHUUHODWLRQVKLSV

7KH VFLHQWLILFDOO\ OLWHUDWH SHUVRQ XQGHUVWDQGV

DQG DSSUHFLDWHV WKH MRLQW HQWHUSULVHV RI VFLHQFH

DQG WHFKQRORJ\ DQG WKH LQWHUUHODWLRQVKLSV RI

WKHVH ZLWK HDFK RWKHU�

6RPH RI WKH IDFWRUV LQYROYHG LQ WKH LQWHUUHODWLRQVKLSV

DPRQJ VFLHQFH� WHFKQRORJ\� VRFLHW\� DQG WKH

HQYLURQPHQW DUH�

'� VFLHQFH DQG WHFKQRORJ\ 3�.���� '������

7KHUH LV D GLVWLQFWLRQ EHWZHHQ VFLHQFH DQG WHFKQRORJ\�

DOWKRXJK WKH\ RIWHQ RYHUODS DQG GHSHQG RQ HDFK



��

RWKHU� 6FLHQFH GHDOV ZLWK JHQHUDWLQJ DQG RUGHULQJ

FRQFHSWXDO NQRZOHGJH� 7HFKQRORJ\ GHDOV ZLWK GHVLJQ

DQG GHYHORSPHQW� DQG WKH DSSOLFDWLRQ RI VFLHQWLILF RU

WHFKQRORJLFDO NQRZOHGJH� RIWHQ LQ UHVSRQVH WR VRFLDO

DQG KXPDQ QHHGV�

([DPSOH�

7KH LQYHQWLRQ RI WKH PLFURVFRSH OHG WR QHZ GLVFRYHULHV

DERXW FHOOV�

'� VFLHQWLVWV DQG WHFKQRORJLVWV

DUH KXPDQ 3������ '������

2XWVLGH RI WKHLU VSHFLDOL]HG ILHOGV� VFLHQWLVWV DQG

WHFKQRORJLVWV PD\ QRW H[KLELW VWURQJ GHYHORSPHQW RI

DOO RU HYHQ PRVW RI WKH 'LPHQVLRQV RI 6FLHQWLILF

/LWHUDF\� 9RFDWLRQV LQ VFLHQFH DQG WHFKQRORJ\ DUH

RSHQ WR PRVW SHRSOH�

([DPSOH�

%\ UHVHDUFKLQJ WKH ELRJUDSKLHV RI IDPRXV VFLHQWLVWV�

VWXGHQWV FDQ EHJLQ WR DSSUHFLDWH WKH KXPDQ HOHPHQWV

RI VFLHQFH DQG WHFKQRORJ\�

'� LPSDFW RI VFLHQFH DQG

WHFKQRORJ\ 3������ '������

6FLHQWLILF DQG WHFKQRORJLFDO GHYHORSPHQWV KDYH UHDO

DQG GLUHFW HIIHFWV RQ HYHU\ SHUVRQ
V OLIH� 6RPH HIIHFWV

DUH GHVLUDEOH� RWKHUV DUH QRW� 6RPH RI WKH GHVLUDEOH

HIIHFWV PD\ KDYH XQGHVLUDEOH VLGH HIIHFWV� ,Q HVVHQFH�

WKHUH VHHPV WR EH D WUDGH�RII SULQFLSOH ZRUNLQJ LQ

ZKLFK JDLQV DUH DFFRPSDQLHG E\ ORVVHV�

([DPSOH�

$V RXU VRFLHW\ FRQWLQXHV WR LQFUHDVH LWV GHPDQGV RQ

HQHUJ\ FRQVXPSWLRQ DQG FRQVXPHU JRRGV� ZH DUH

OLNHO\ WR DWWDLQ D KLJKHU VWDQGDUG RI OLYLQJ ZKLOH

DOORZLQJ IXUWKHU GHWHULRUDWLRQ RI WKH HQYLURQPHQW WR

RFFXU�

'� VFLHQFH� WHFKQRORJ\� DQG

WKH HQYLURQPHQW 3������ '������

6FLHQFH DQG WHFKQRORJ\ FDQ EH XVHG WR PRQLWRU

HQYLURQPHQWDO TXDOLW\� 6RFLHW\ KDV WKH DELOLW\ DQG

UHVSRQVLELOLW\ WR HGXFDWH DQG WR UHJXODWH

HQYLURQPHQWDO TXDOLW\ DQG WKH ZLVH XVDJH RI QDWXUDO

UHVRXUFHV� WR HQVXUH TXDOLW\ RI OLIH IRU WKLV DQG

VXFFHHGLQJ JHQHUDWLRQV�

([DPSOH�

(YHU\RQH VKRXOG VKDUH LQ WKH UHVSRQVLELOLW\ RI

FRQVHUYLQJ HQHUJ\�

'� SXEOLF XQGHUVWDQGLQJ JDS 3������ '������

$ FRQVLGHUDEOH JDS H[LVWV EHWZHHQ VFLHQWLILF DQG

WHFKQRORJLFDO NQRZOHGJH� DQG SXEOLF XQGHUVWDQGLQJ RI

LW� &RQVWDQW HIIRUW LV UHTXLUHG E\ VFLHQWLVWV�

WHFKQRORJLVWV� DQG HGXFDWRUV WR PLQLPL]H WKLV JDS�

([DPSOHV�

6RPH SHRSOH PLVWDNHQO\ EHOLHYH WKDW LUUDGLDWLRQ

FDXVHV IRRG WR EHFRPH UDGLRDFWLYH�

%XWWHUPLON LV RIWHQ PLVWDNHQO\ UHJDUGHG DV KDYLQJ D

KLJK FDORULF FRQWHQW�

)RONORUH KDV LW WKDW WKH EHVW WLPH WR SODQW SRWDWRHV LQ

WKH VSULQJ LV GXULQJ WKH IXOO PRRQ�

0DQ\ EHOLHYH WKDW WHFKQRORJ\ LV VLPSO\ DSSOLHG

VFLHQFH�

'� UHVRXUFHV IRU VFLHQFH

DQG WHFKQRORJ\ 3������ '������

6FLHQFH DQG WHFKQRORJ\ UHTXLUH FRQVLGHUDEOH UHVRXUFHV

LQ WKH IRUP RI WDOHQW� WLPH� DQG PRQH\�

([DPSOH�

)XUWKHU DGYDQFHV LQ VSDFH H[SORUDWLRQ PD\ UHTXLUH

WKH FROOHFWLYH HIIRUWV RI PDQ\ QDWLRQV ZRUNLQJ

WRJHWKHU WR ILQG WKH QHFHVVDU\ WLPH� PRQH\ DQG

UHVRXUFHV�

'� YDULDEOH SRVLWLRQV 3������ '�������

6FLHQWLILF WKRXJKW DQG NQRZOHGJH FDQ EH XVHG WR

VXSSRUW GLIIHUHQW SRVLWLRQV� ,W LV QRUPDO IRU VFLHQWLVWV

DQG WHFKQRORJLVWV WR GLVDJUHH DPRQJ WKHPVHOYHV� HYHQ

WKRXJK WKH\ PD\ LQYRNH WKH VDPH VFLHQWLILF WKHRULHV

DQG GDWD�

([DPSOHV�

7KH GHEDWH DERXW WKH SRVVLELOLW\ RI FROG IXVLRQ

LOOXVWUDWHG YDULDEOH SRVLWLRQV DPRQJ VFLHQWLVWV�

7KHUH LV D GHEDWH DERXW ZKHWKHU RU QRW FRQWUROOHG

EXUQLQJ WHFKQLTXHV VKRXOG EH XVHG LQ QDWLRQDO SDUNV�



��

'� OLPLWDWLRQV RI VFLHQFH

DQG WHFKQRORJ\ 3������ '������

6FLHQFH DQG WHFKQRORJ\ FDQ QRW JXDUDQWHH D VROXWLRQ

WR DQ\ VSHFLILF SUREOHP� ,Q IDFW� WKH XOWLPDWH VROXWLRQ

RI DQ\ SUREOHP LV XVXDOO\ LPSRVVLEOH� DQG D SDUWLDO RU

WHPSRUDU\ VROXWLRQ LV DOO WKDW LV HYHU SRVVLEOH�

6ROXWLRQV WR SUREOHPV FDQ QRW QHFHVVDULO\ EH

OHJLVODWHG� ERXJKW� RU JXDUDQWHHG E\ WKH DOORFDWLRQ RI

UHVRXUFHV� 6RPH WKLQJV DUH QRW DPHQDEOH WR WKH

DSSURDFKHV RI VFLHQFH DQG WHFKQRORJ\�

([DPSOH�

7KH VROXWLRQV WKDW WHFKQRORJ\ QRZ SURSRVHV IRU

QXFOHDU ZDVWH VWRUDJH RIWHQ KDYH VLJQLILFDQW

OLPLWDWLRQV DQG DUH� DW EHVW� RQO\ VKRUW�WHUP VROXWLRQV

XQWLO EHWWHU RQHV FDQ EH IRXQG�

'� VRFLDO LQIOXHQFH RQ VFLHQFH

DQG WHFKQRORJ\ 3������ '�������

7KH VHOHFWLRQ RI SUREOHPV LQYHVWLJDWHG E\ VFLHQWLILF

DQG WHFKQRORJLFDO UHVHDUFK LV LQIOXHQFHG E\ WKH QHHGV�

LQWHUHVWV� DQG ILQDQFLDO VXSSRUW RI VRFLHW\�

([DPSOH�

7KH UDFH WR SXW D SHUVRQ RQ WKH PRRQ LOOXVWUDWHV KRZ

SULRULWLHV FDQ GHWHUPLQH WKH H[WHQW WR ZKLFK WKH VWXG\

RI SDUWLFXODU VFLHQWLILF DQG WHFKQRORJLFDO SUREOHPV DUH

VDQFWLRQHG DQG WKXV DOORZHG WR EH LQYHVWLJDWHG�

'�� WHFKQRORJ\ FRQWUROOHG E\

VRFLHW\ 3���� '�������

$OWKRXJK VFLHQFH UHTXLUHV IUHHGRP WR LQTXLUH�

DSSOLFDWLRQV RI VFLHQWLILF NQRZOHGJH DQG RI

WHFKQRORJLFDO SURGXFWV DQG SUDFWLFHV DUH XOWLPDWHO\

GHWHUPLQHG E\ VRFLHW\� 6FLHQWLVWV DQG WHFKQRORJLVWV

KDYH D UHVSRQVLELOLW\ WR LQIRUP WKH SXEOLF RI WKH

SRVVLEOH FRQVHTXHQFHV RI VXFK DSSOLFDWLRQV� $ QHHG WR

VHDUFK IRU FRQVHTXHQFHV RI VFLHQWLILF DQG WHFKQRORJLFDO

LQQRYDWLRQV H[LVWV�

([DPSOHV�

(LQVWHLQ
V IDPRXV OHWWHU WR 3UHVLGHQW 5RRVHYHOW�

ZDUQLQJ DERXW WKH SRVVLELOLW\ RI GHYHORSLQJ QXFOHDU

ZHDSRQV� DQG KLV SDFLILVW YLHZV� LOOXVWUDWH WKH

UHVSRQVLELOLW\ WKDW VFLHQWLVWV PXVW KDYH DV PHPEHUV

RI VRFLHW\�

*RYHUQPHQWV PXVW PDNH GHFLVLRQV UHJDUGLQJ WKH

VXSSRUW DQG IXQGLQJ RI LPSRUWDQW VFLHQWLILF UHVHDUFK�

'�� VFLHQFH� WHFKQRORJ\� DQG

RWKHU UHDOPV 3���� '�������

$OWKRXJK WKHUH DUH GLVWLQFWLYH FKDUDFWHULVWLFV RI WKH

NQRZOHGJH DQG SURFHVVHV WKDW FKDUDFWHUL]H VFLHQFH

DQG WHFKQRORJ\� WKHUH DUH PDQ\ FRQQHFWLRQV WR� DQG

RYHUODSV ZLWK� RWKHU UHDOPV RI KXPDQ NQRZOHGJH DQG

XQGHUVWDQGLQJ�

([DPSOH�

7KH 8QFHUWDLQW\ 3ULQFLSOH LQ VFLHQFH� WKH 9HUVWHKHQ

3ULQFLSOH LQ DQWKURSRORJ\� DQG WKH +DZWKRUQH (IIHFW

LQ VRFLDO SV\FKRORJ\ DOO H[SUHVV VLPLODU W\SHV RI LGHDV

ZLWKLQ WKH UHDOP RI WKHLU RZQ GLVFLSOLQHV�

(���6FLHQWLILF�DQG�7HFKQLFDO�6NLOOV

7KH VFLHQWLILFDOO\ OLWHUDWH SHUVRQ KDV GHYHORSHG

QXPHURXV PDQLSXODWLYH VNLOOV DVVRFLDWHG ZLWK

VFLHQFH DQG WHFKQRORJ\�

7KH OLVW RI VNLOOV WKDW IROORZV UHSUHVHQWV PDQLSXODWLYH

VNLOOV LPSRUWDQW WR WKH DFKLHYHPHQW RI VFLHQWLILF

OLWHUDF\�

(� XVLQJ PDJQLI\LQJ LQVWUXPHQWV

'�.����

6RPH PDJQLI\LQJ LQVWUXPHQWV LQFOXGH WKH PDJQLI\LQJ

OHQV� PLFURVFRSH� WHOHVFRSH� DQG RYHUKHDG SURMHFWRU�

([DPSOHV�

)LQH GLVVHFWLRQV RI HDUWKZRUPV DUH GRQH ZLWK WKH DLG

RI VWHUHRVFRSLF PLFURVFRSHV�

$ VWXGHQW XVHV D PLFURSKRQH WR PDNH DQ DQQRXQFH�

PHQW WR D ODUJH JURXS RYHU WKH SXEOLF DGGUHVV V\VWHP�

(� XVLQJ QDWXUDO HQYLURQPHQWV '�.����

7KH VWXGHQW XVHV QDWXUDO HQYLURQPHQWV HIIHFWLYHO\

DQG LQ DSSURSULDWHO\ VHQVLWLYH ZD\V �H�J�� FROOHFWLQJ�

H[DPLQLQJ� DQG UHLQWURGXFLQJ VSHFLPHQV��

([DPSOH�

6WXGHQWV FDQ GR D VWXG\ RI WKH PDUJLQ RI D SRQG E\

REVHUYLQJ DQG GHVFULELQJ D SDUWLFXODU VHFWLRQ DW WZR

ZHHN LQWHUYDOV IRU WKUHH PRQWKV� $IWHU WKH\ FROOHFW

DQG H[DPLQH VSHFLPHQV� WKH\ VKRXOG UHLQWURGXFH

WKHP WR WKHLU QDWXUDO HQYLURQPHQW�



��

(� XVLQJ HTXLSPHQW VDIHO\ '�.����

7KH VWXGHQW GHPRQVWUDWHV VDIH XVH RI HTXLSPHQW LQ

WKH ODERUDWRU\� LQ WKH FODVVURRP� DQG LQ HYHU\GD\

H[SHULHQFHV�

([DPSOH�

$ VWXGHQW UHFRJQL]HV D VLWXDWLRQ ZKHUH JRJJOHV VKRXOG

EH ZRUQ� DQG SXWV WKHP RQ EHIRUH EHLQJ LQVWUXFWHG WR

ZHDU WKHP�

(� XVLQJ DXGLRYLVXDO DLGV '�.����

7KH VWXGHQW LQGHSHQGHQWO\ XVHV DXGLRYLVXDO DLGV LQ

FRPPXQLFDWLQJ LQIRUPDWLRQ� �$XGLRYLVXDO DLGV

LQFOXGH VXFK WKLQJV DV� GUDZLQJV� SKRWRJUDSKV�

FROODJHV� WHOHYLVLRQV� UDGLRV� YLGHR FDVVHWWH UHFRUGHUV�

RYHUKHDG SURMHFWRUV��

([DPSOHV�

$ VWXGHQW VKRZV WKH WHDFKHU KRZ WR RSHUDWH WKH 9&5�

$ VWXGHQW XVHV D FDPHUD WR UHFRUG QDWXUDO

SKHQRPHQD�

(� FRPSXWHU LQWHUDFWLRQ '�.����

7KH VWXGHQW XVHV WKH FRPSXWHU DV DQ DQDO\WLFDO WRRO� D

WRRO WR LQFUHDVH SURGXFWLYLW\� DQG DV DQ H[WHQVLRQ RI

WKH KXPDQ PLQG�

([DPSOHV�

8VLQJ SKRWRFHOOV FRQQHFWHG WR WKH SURSHU LQWHUIDFH�

WKH FRPSXWHU FDQ EH XVHG DV D WLPLQJ GHYLFH�

/RJJLQJ RQ WR DQ LQIRUPDWLRQ VHUYLFH JLYHV VWXGHQWV

DQ RSSRUWXQLW\ WR SHUIRUP D NH\ZRUG VHDUFK RI D

FKHPLFDO GDWDEDVH�

&RPSXWHU VRIWZDUH FDQ EH XVHG WR VLPXODWH D QDWXUDO

HYHQW RU SURFHVV ZKLFK PD\ EH WRR GDQJHURXV RU

LPSUDFWLFDO WR SHUIRUP LQ WKH ODERUDWRU\�

(� PHDVXULQJ GLVWDQFH 3�.���� '������

7KH VWXGHQW DFFXUDWHO\ PHDVXUHV GLVWDQFH ZLWK

DSSURSULDWH LQVWUXPHQWV RU WHFKQLTXHV VXFK DV UXOHUV�

PHWUH VWLFNV� WUXQGOH ZKHHOV� RU UDQJHILQGHUV�

([DPSOHV�

7KH OHQJWK DQG ZLGWK RI D URRP FDQ EH GHWHUPLQHG

XVLQJ D PHWUH VWLFN�

/DUJH GLVWDQFHV FDQ EH GHWHUPLQHG XVLQJ SDUDOOD[ RU

WULDQJXODWLRQ PHWKRGV�

(� PDQLSXODWLYH DELOLW\ 3�.���� '������

7KH VWXGHQW GHPRQVWUDWHV DQ DELOLW\ WR KDQGOH REMHFWV

ZLWK VNLOO DQG GH[WHULW\�

([DPSOH�

$ VWXGHQW XVHV D JUDGXDWHG F\OLQGHU WR PHDVXUH ��

P/ RI OLTXLG� 7KH OLTXLG LV WKHQ WUDQVIHUUHG LQWR D

IODVN DQG KHDWHG�

(� PHDVXULQJ WLPH 3���� '������

7KH VWXGHQW DFFXUDWHO\ PHDVXUHV WLPH ZLWK

DSSURSULDWH LQVWUXPHQWV VXFK DV D ZDWFK� DQ

KRXUJODVV� RU DQ\ GHYLFH ZKLFK H[KLELWV SHULRGLF

PRWLRQ�

([DPSOH�

$ VWXGHQW XVHV DQ RVFLOORVFRSH WR PHDVXUH D VKRUW

WLPH LQWHUYDO DFFXUDWHO\�

(� PHDVXULQJ YROXPH 3���� '������

7KH VWXGHQW PHDVXUHV YROXPH GLUHFWO\ ZLWK

JUDGXDWHG FRQWDLQHUV� 7KH VWXGHQW DOVR PHDVXUHV

YROXPH LQGLUHFWO\ XVLQJ FDOFXODWLRQV IURP

PDWKHPDWLFDO UHODWLRQV�

([DPSOHV�

7KH YROXPH RI D JUDGXDWHG F\OLQGHU LV UHDG DW WKH

FXUYH LQIOHFWLRQ SRLQW RI WKH PHQLVFXV�

$UFKLPHGHV
 SULQFLSOH LV XVHG WR GHWHUPLQH WKH YROXPH

RI DQ LUUHJXODU VROLG�

(�� PHDVXULQJ WHPSHUDWXUH 3���� '������

7KH VWXGHQW DFFXUDWHO\ PHDVXUHV WHPSHUDWXUH ZLWK D

WKHUPRPHWHU RU D WKHUPRFRXSOH�

([DPSOH�

7KHUPRPHWHUV PXVW EH SURSHUO\ SODFHG WR UHFRUG

DFFXUDWH PHDVXUHPHQWV RI WHPSHUDWXUH�



��

(�� PHDVXULQJ PDVV 3���� '������

7KH VWXGHQW DFFXUDWHO\ PHDVXUHV PDVV ZLWK D GRXEOH

EHDP EDODQFH RU E\ XVLQJ RWKHU DSSURSULDWH

WHFKQLTXHV�

([DPSOH�

%DODQFHV PD\ EH XVHG WR GHWHUPLQH WKH PDVV RI DQ

REMHFW� ZLWKLQ WKH OLPLWV RI WKH SUHFLVLRQ RI WKH

EDODQFH�

(�� XVLQJ HOHFWURQLF LQVWUXPHQWV

3������ '������

7KH VWXGHQW FDQ XVH HOHFWURQLF LQVWUXPHQWV WKDW

UHYHDO SK\VLFDO RU FKHPLFDO SURSHUWLHV� RU PRQLWRU

ELRORJLFDO IXQFWLRQV�

([DPSOH�

)ROORZLQJ WKH UHFRPPHQGHG SURFHGXUHV DOORZV DQ

LQVWUXPHQW WR EH XVHG WR WKH PD[LPXP H[WHQW RI LWV

SUHFLVLRQ �H�J�� DPPHWHU� RVFLOORVFRSH� S+ PHWHU�

FDPHUD��

(�� XVLQJ TXDQWLWDWLYH UHODWLRQVKLSV

3������ '�������

7KH VWXGHQW XVHV PDWKHPDWLFDO H[SUHVVLRQV FRUUHFWO\�

([DPSOHV�

7R FDOFXODWH LQVWDQWDQHRXV DFFHOHUDWLRQ� ILQG WKH VORSH

DW RQH SRLQW RQ D YHORFLW\ YHUVXV WLPH JUDSK�

&DOFXODWH WKH YROXPH RI D FXEH JLYHQ WKH OHQJWK RI RQH

VLGH�

)� 9DOXHV�7KDW�8QGHUOLH�6FLHQFH

7KH VFLHQWLILFDOO\ OLWHUDWH SHUVRQ LQWHUDFWV ZLWK

VRFLHW\ DQG WKH HQYLURQPHQW LQ ZD\V WKDW DUH

FRQVLVWHQW ZLWK WKH YDOXHV WKDW XQGHUOLH

VFLHQFH�

7KH YDOXHV WKDW XQGHUOLH VFLHQFH LQFOXGH�

)O ORQJLQJ WR NQRZ DQG XQGHUVWDQG '�.����

.QRZOHGJH LV GHVLUDEOH� ,QTXLU\ GLUHFWHG WRZDUG WKH

JHQHUDWLRQ RI NQRZOHGJH LV D ZRUWK\ LQYHVWPHQW RI

WLPH DQG RWKHU UHVRXUFHV�

([DPSOH�

$ JURXS RI IRXU VWXGHQWV DVNV WKH WHDFKHU LI WKH\ FDQ

GR D 6FLHQFH &KDOOHQJH SURMHFW RQ D WRSLF WKDW WKH\ DUH

DOO LQWHUHVWHG LQ�

)� TXHVWLRQLQJ '�.����

4XHVWLRQLQJ LV LPSRUWDQW� 6RPH TXHVWLRQV DUH RI

JUHDWHU YDOXH WKDQ RWKHUV EHFDXVH WKH\ OHDG WR IXUWKHU

XQGHUVWDQGLQJ WKURXJK VFLHQWLILF LQTXLU\�

([DPSOH�

6WXGHQWV DVN TXHVWLRQV ZKLFK SUREH PRUH GHHSO\ WKDQ

WKH QRUPDO FODVV RU WH[W SUHVHQWDWLRQ�

)� VHDUFK IRU GDWD DQG WKHLU

PHDQLQJ '�.����

7KH DFTXLVLWLRQ DQG RUGHULQJ RI GDWD DUH WKH EDVLV IRU

WKHRULHV ZKLFK� LQ WXUQ� FDQ EH XVHG WR H[SODLQ PDQ\

WKLQJV DQG HYHQWV� ,Q VRPH FDVHV WKHVH GDWD KDYH

LPPHGLDWH SUDFWLFDO DSSOLFDWLRQV RI YDOXH WR KXPDQ�

NLQG� 'DWD PD\ HQDEOH RQH WR DVVHVV D SUREOHP RU

VLWXDWLRQ DFFXUDWHO\�

([DPSOH�

,Q D 6FLHQFH &KDOOHQJH DFWLYLW\� D JURXS RI VWXGHQWV

DVNV D TXHVWLRQ DERXW D QDWXUDO RFFXUUHQFH� 7KH\

WKHQ GHVLJQ DQ H[SHULPHQW LQ DQ DWWHPSW WR DQVZHU

WKH TXHVWLRQ� 9DULDEOHV ZKLFK PD\ LQIOXHQFH WKH

UHVXOWV RI WKH H[SHULPHQW DUH FRQWUROOHG� &DUHIXO

REVHUYDWLRQV DUH PDGH DQG UHFRUGHG� 'DWD DUH

FROOHFWHG DQG DQDO\]HG WR WHVW WKH K\SRWKHVLV WKDW LV

XQGHU VFUXWLQ\� )XUWKHU WHVWLQJ WKHQ WDNHV SODFH�

)� YDOXLQJ QDWXUDO HQYLURQPHQWV '�.����

2XU VXUYLYDO GHSHQGV RQ RXU DELOLW\ WR VXVWDLQ WKH

HVVHQWLDO EDODQFH RI QDWXUH� 7KHUH LV LQWULQVLF EHDXW\

WR EH IRXQG LQ QDWXUH�

([DPSOH�

2Q D ILHOG WULS WKH DFWLRQV RI WKH SDUWLFLSDQWV VKRXOG

EH FRQVLGHUDWH WRZDUG DQG FRQVHUYLQJ RI DOO

FRPSRQHQWV RI WKH HFRV\VWHP�

)� UHVSHFW IRU ORJLF 3�.���� '������

&RUUHFW DQG YDOLG LQIHUHQFHV DUH LPSRUWDQW� ,W LV

HVVHQWLDO WKDW FRQFOXVLRQV DQG DFWLRQV EH VXEMHFW WR

TXHVWLRQ�



��

([DPSOH�

(UURUV LQ ORJLF DUH UHFRJQL]HG� ,QIRUPDWLRQ LV YLHZHG

FULWLFDOO\ ZLWK UHVSHFW WR WKH ORJLF XVHG�

)� FRQVLGHUDWLRQ RI FRQVHTXHQFH

3�.���� '������

,W LV D IUHTXHQW DQG WKRXJKWIXO UHYLHZ RI WKH HIIHFWV

WKDW FHUWDLQ DFWLRQV ZLOO KDYH�

([DPSOH�

([SHULPHQWDO SURFHGXUHV FDQ DIIHFW WKH RXWFRPH RI DQ

H[SHULPHQW�

7UDQVSRUWLQJ RLO E\ WDQNHUV PLJKW FDXVH DQ RLO VSLOO

ZLWK YHU\ VHULRXV HQYLURQPHQWDO FRQVHTXHQFHV�

)� GHPDQG IRU YHULILFDWLRQ 3������ '������

6XSSRUWLQJ GDWD PXVW EH PDGH SXEOLF� (PSLULFDO

WHVWV PXVW EH FRQGXFWHG WR DVVHVV WKH YDOLGLW\ RU

DFFXUDF\ RI ILQGLQJV RU DVVHUWLRQV�

([DPSOH�

0HGLD UHSRUWV DQG UHVHDUFK DUH UHYLHZHG FULWLFDOO\

DQG FRPSDUHG WR RWKHU VRXUFHV RI LQIRUPDWLRQ EHIRUH

EHLQJ DFFHSWHG RU UHMHFWHG�

)� FRQVLGHUDWLRQ RI SUHPLVHV 3���� '�������

$ IUHTXHQW UHYLHZ VKRXOG RFFXU RI WKH EDVLF

DVVXPSWLRQV IURP ZKLFK D OLQH RI LQTXLU\ KDV DULVHQ�

([DPSOHV�

,Q D ODE LQYHVWLJDWLRQ LQWR WKH UDWH RI FKHPLFDO

UHDFWLRQV� WKH FRQWURO RI YDULDEOHV LV H[DPLQHG�

$ FULWLFDO H[DPLQDWLRQ LV PDGH RI WKH IDFWRUV XQGHU

FRQVLGHUDWLRQ LQ H[SODLQLQJ WKH H[WLQFWLRQ RI

GLQRVDXUV�

*� 6FLHQFH�5HODWHG�,QWHUHVWV�DQG

$WWLWXGHV

7KH VFLHQWLILFDOO\ OLWHUDWH SHUVRQ KDV GHYHORSHG

D XQLTXH YLHZ RI VFLHQFH� WHFKQRORJ\� VRFLHW\

DQG WKH HQYLURQPHQW DV D UHVXOW RI VFLHQFH

HGXFDWLRQ� DQG FRQWLQXHV WR H[WHQG WKLV

HGXFDWLRQ WKURXJKRXW OLIH�

6FLHQFH�UHODWHG LQWHUHVWV DQG DWWLWXGHV LQFOXGH�

*� LQWHUHVW '�.����

7KH VWXGHQW H[KLELWV DQ REVHUYDEOH LQWHUHVW LQ

VFLHQFH�

([DPSOH�

6WXGHQWV DQG WHDFKHUV ZKR VSHQG D JUHDW GHDO RI WLPH

RXWVLGH RI FODVV RQ VFLHQFH IDLU SURMHFWV H[KLELW D NHHQ

LQWHUHVW LQ VFLHQFH�

*� FRQILGHQFH '�.����

7KH VWXGHQW H[SHULHQFHV D PHDVXUH RI VHOI�VDWLVIDFWLRQ

E\ SDUWLFLSDWLQJ LQ VFLHQFH DQG LQ XQGHUVWDQGLQJ

VFLHQWLILF WKLQJV�

([DPSOH�

6WXGHQWV DQG WHDFKHUV UHDG VFLHQFH OLWHUDWXUH DQG DUH

LQWHUHVWHG LQ GLVFXVVLQJ ZLWK RWKHUV ZKDW WKH\ UHDG�

*� FRQWLQXRXV OHDUQHU '�.����

7KH LQGLYLGXDO KDV JDLQHG VRPH VFLHQWLILF NQRZOHGJH

DQG FRQWLQXHV VRPH OLQH RI VFLHQWLILF LQTXLU\� 7KLV

PD\ WDNH PDQ\ IRUPV�

([DPSOH�

$ SHUVRQ MRLQV D QDWXUDO KLVWRU\ VRFLHW\ WR OHDUQ PRUH

DERXW ZLOGOLIH�

*� PHGLD SUHIHUHQFH 3�.���� '������

7KH VWXGHQW VHOHFWV WKH PRVW DSSURSULDWH PHGLD�

GHSHQGLQJ RQ WKH LQIRUPDWLRQ QHHGHG� DQG RQ KLV RU

KHU SUHVHQW OHYHO RI XQGHUVWDQGLQJ�

([DPSOHV�

6WXGHQWV DQG WHDFKHUV ZKR ZDWFK VFLHQFH�UHODWHG

WHOHYLVLRQ SURJUDPV GHPRQVWUDWH D UHDO LQWHUHVW LQ

VFLHQFH�

:KHQ UHVHDUFKLQJ D VFLHQFH SURMHFW� D VWXGHQW PLJKW

KDYH WR GHWHUPLQH ZKLFK VRXUFHV RI LQIRUPDWLRQ DUH

PRVW DSSURSULDWH� 7KH FKRLFH FRXOG LQFOXGH VXFK

WKLQJV DV WHOHYLVLRQ SURJUDPV� QHZVSDSHU DUWLFOHV�

ERRNV� SXEOLF GLVSOD\V� DQG VFLHQWLILF MRXUQDOV�



��

*� DYRFDWLRQ 3������ '������

7KH VWXGHQW SXUVXHV D VFLHQFH�UHODWHG KREE\�

([DPSOH�

%\ SXUVXLQJ D KREE\ VXFK DV ELUG ZDWFKLQJ�

DVWURQRP\� RU VKHOO FROOHFWLQJ� D VWXGHQW GHPRQVWUDWHV

D NHHQ LQWHUHVW LQ VFLHQFH�

*� UHVSRQVH SUHIHUHQFH 3������ '������

7KH ZD\ LQ ZKLFK SHRSOH EHKDYH FDQ EH DQ LQGLFDWLRQ

RI ZKHWKHU RU QRW WKH\ DUH VWULYLQJ WR DWWDLQ VFLHQWLILF

OLWHUDF\�

([DPSOH�

,Q DQ HOHFWLRQ� YRWHUV PLJKW FRQVLGHU WKH FDQGLGDWHV


SRVLWLRQV RQ HQYLURQPHQWDO LVVXHV�

*� YRFDWLRQ 3������ '������

7KH VWXGHQW FRQVLGHUV D VFLHQFH�UHODWHG RFFXSDWLRQ�

([DPSOH�

%\ PRGHOOLQJ DSSURSULDWH EHKDYLRXUV� WHDFKHUV FDQ

HQFRXUDJH WKHLU VWXGHQWV WR EHFRPH LQWHUHVWHG LQ

VFLHQFH HGXFDWLRQ RU RWKHU VFLHQFH�UHODWHG ILHOGV�

*� H[SODQDWLRQ SUHIHUHQFH 3������ '�������

7KH VWXGHQW FKRRVHV D VFLHQWLILF H[SODQDWLRQ RYHU D

QRQVFLHQWLILF H[SODQDWLRQ ZKHQ LW LV DSSURSULDWH WR GR

VR� 7KH VWXGHQW DOVR UHFRJQL]HV WKDW WKHUH PD\ EH

VRPH FLUFXPVWDQFHV LQ ZKLFK LW PD\ QRW EH

DSSURSULDWH WR VHOHFW D VFLHQWLILF H[SODQDWLRQ�

([DPSOH�

%\ UHVRUWLQJ WR ORJLF LQ D GHEDWH� VWXGHQWV GHPRQ�

VWUDWH ORJLFDO WKLQNLQJ VLPLODU WR WKDW XVHG LQ VFLHQFH�

*� YDOXLQJ FRQWULEXWRUV 3������ '�������

7KH VWXGHQW YDOXHV WKRVH VFLHQWLVWV DQG WHFKQRORJLVWV

ZKR KDYH PDGH VLJQLILFDQW FRQWULEXWLRQV WR KXPDQLW\�

([DPSOHV�

$ SHUVRQ ZHDUV D 7�VKLUW EHDULQJ WKH LPDJH RI VRPH

IDPRXV VFLHQWLVW�

6RPH VWXGHQWV PD\ KROG WKH VFLHQFH WHDFKHU LQ YHU\

KLJK UHJDUG�



��

7HPSODWHV�IRU�$VVHVVPHQW�DQG�(YDOXDWLRQ

5DWLQJ�6FDOH�7HPSODWH

�� �����������������

� � � � �

�� �����������������

� � � � �

�� �����������������

� � � � �

�� �����������������

� � � � �

�� �����������������

� � � � �

�� �����������������

� � � � �

�� �����������������

� � � � �

�� �����������������

� � � � �

�� �����������������

� � � � �

��� �����������������

� � � � �

��� �����������������

� � � � �

��� �����������������

� � � � �

��� �����������������

� � � � �

��� �����������������

� � � � �
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$QHFGRWDO�5HFRUG�7HPSODWH

��������������������������������������������������������������������������������������������������������������������������������

5HSRUW����������������������������������������������������������������������������������������6XEMHFW

��������������������������������������������������������������������������������������������������������������������������������

6WXGHQW������������������������������������������������������������� �����������������6FKRRO

��������������������������������������������������������������������������������������������������������������������������������

7HDFKHU���������������������������������������������������������� ���������������������'DWH

�������������������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������� �������7HDFKHU
V��6LJQDWXUH

����������������������������������������



��

&RUUHVSRQGHQFH�7HPSODWH

��������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������



��

&KHFNOLVW�RI�/DERUDWRU\�3URFHGXUHV

�������������������������������������������������������

1DPH��������������������������������'DWH

��������������������������������������������������������������

$FWLYLW\

.H\����� �5DUHO\���������� �2FFDVLRQDOO\���������� �)UHTXHQWO\

��� ��� ����

,QVWUXFWLRQV�IROORZHG ����� ����� �����

6DIHW\�SUHFDXWLRQV�REVHUYHG ����� ����� �����

(TXLSPHQW�KDQGOHG�FRUUHFWO\ ����� ����� ����������

(TXLSPHQW�FOHDQHG�WKRURXJKO\ ����� ����� �����

(TXLSPHQW�VWRUHG�SURSHUO\ ����� ����� �����

/DE�DUHD�NHSW�FOHDQ ����� ����� �����

6SLOOV�FOHDQHG�SURPSWO\�� ����� ����� �����

&KHPLFDO�GLVSRVHG�RI�SURSHUO\ ����� ����� �����

&RRSHUDWLRQ�ZLWK�RWKHUV ����� ����� �����

,PSURYLVDWLRQ ����� ����� �����

$SSURSULDWH�XVH�RI�WLPH ����� ����� �����

2EVHUYDWLRQV�QRWHG�DQG�UHFRUGHG ����� ����� �����

2WKHU����������������������������� �������������� �����

���������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������



��

*URXS�6HOI�$VVHVVPHQW�RI�/DERUDWRU\�$FWLYLWLHV

*URXS 'DWH

$FWLYLW\

8VH WKHVH GHVFULSWRUV WR DVVHVV KRZ HIIHFWLYHO\ \RXU JURXS SHUIRUPHG D VSHFLILF DFWLYLW\� &KRRVH RQH RU VHYHUDO QXPEHUV IURP

WKH OLVW RI FULWHULD�

1 = yes 2 = no 3 = we think so

4 = needs improvement 5 = satisfactory 6 = excellent

 Things to consider

 Did we develop a clear plan before we began?

 Did each group member have specific things to do?

 Were we able to work together as a team?

 Did we discuss the purpose for doing the activity?

 Was a hypothesis developed and recorded?

 How well did we predict what took place?

 Were instructions followed correctly?

 How well did we use equipment and materials?

 Did we observe all safety precautions?

 Were measurements made accurately?

 How well were data recorded?

 Did we clean up thoroughly after the activity?

 Were the data examined closely to search for meaning?

 Did we use accepted techniques for data analysis?

 Were the conclusions consistent with the data?

 Did we re-examine our initial hypothesis?

 Did we account for experimental error?

 Was relevant research used to support our work ?

 Other:



��

3URMHFW�3UHVHQWDWLRQ�����,QGLYLGXDO�4XHVWLRQQDLUH

<RXU QDPH 7RSLF

*URXS 0HPEHUV 'DWH

&LUFOH WKH IROORZLQJ RQ ZRUNLQJ ZLWKLQ WKH JURXS� $GGLWLRQDO ZULWWHQ UHVSRQVHV PD\ EH

LQFOXGHG�

�� , HQFRXUDJHG RWKHUV� 6HOGRP 6RPHWLPHV 2IWHQ

�� , VKDUHG LGHDV DQG LQIRUPDWLRQ� 6HOGRP 6RPHWLPHV 2IWHQ

�� , FKHFNHG WR PDNH VXUH WKDW RWKHUV LQ

WKH JURXS NQHZ ZKDW WKH\ ZHUH GRLQJ� 6HOGRP 6RPHWLPHV 2IWHQ

�� , ZDV ZLOOLQJ WR KHOS RWKHUV� 6HOGRP 6RPHWLPHV 2IWHQ

�� , DFFHSWHG UHVSRQVLELOLW\ IRU FRPSOHWLQJ

WKH ZRUN SURSHUO\ DQG RQ WLPH� 6HOGRP 6RPHWLPHV 2IWHQ

�� , ZDV ZLOOLQJ WR OLVWHQ WR RWKHUV LQ WKH JURXS� 6HOGRP 6RPHWLPHV 2IWHQ

�� , ZDV ZLOOLQJ WR UHFHLYH KHOS IURP

RWKHUV LQ WKH JURXS� 6HOGRP 6RPHWLPHV 2IWHQ

�� , RIIHUHG HQFRXUDJHPHQW DQG VXSSRUW

WR RWKHUV LQ WKH JURXS� 6HOGRP 6RPHWLPHV 2IWHQ

�� 2WKHUV LQ WKH JURXS VKDUHG LGHDV DQG

LQIRUPDWLRQ� 6HOGRP 6RPHWLPHV 2IWHQ

��� 7KH JURXS FKHFNHG ZLWK WKH WHDFKHU

WR PDNH VXUH ZH NQHZ ZKDW ZH

ZHUH VXSSRVHG WR EH GRLQJ� 6HOGRP 6RPHWLPHV 2IWHQ

��� $OO PHPEHUV RI WKH JURXS FRQWULEXWHG

HTXDOO\ WR WKLV SURMHFW� 6HOGRP 6RPHWLPHV 2IWHQ

$QVZHU WKH IROORZLQJ TXHVWLRQV DERXW ZRUNLQJ LQ D JURXS�

��� +RZ GLG \RX GLVWULEXWH WKH ZRUNORDG ZLWKLQ \RXU JURXS"

��� :KDW SUREOHPV� LI DQ\� DURVH ZLWKLQ \RXU JURXS"

��� :KDW ZRXOG \RX GR GLIIHUHQWO\ QH[W WLPH"

��� +RZ LV ZRUNLQJ LQ D JURXS GLIIHUHQW IURP ZRUNLQJ E\ \RXUVHOI"



��

6FLHQFH�5HSRUW�(YDOXDWLRQ�)RUP

1DPH�� 'DWH��������������������������������������

$FWLYLW\��������������������������������������������������������

:ULWWHQ�3UHVHQWDWLRQ :HLJKW 6FRUH

7LWOH�3DJH ���

,QWURGXFWLRQ ��

%RG\ ��

&RQFOXVLRQ ��

6XSSRUWLQJ�5HIHUHQFHV ��

1HDWQHVV ��

2UJDQL]DWLRQ ��

&RQWHQW

&RPPXQLFDWLRQ�6NLOOV ��

2ULJLQDOLW\ ��

$FFXUDF\ ��

$SSURSULDWHQHVV ��

&UHDWLYLW\ ��

2YHUDOO�,PSUHVVLRQ ��

7RWDO�6FRUH ���������������������

2WKHU�&RPPHQWV�

 &ULWHULD�IRU�DQ�RUDO�SUHVHQWDWLRQ�PD\�EH�GHYHORSHG���7HDFKHUV�DUH�HQFRXUDJHG�WR

GHYHORS�FULWHULD�IRU�HDFK�HOHPHQW�RQ�WKLV�SDJH��H�J��7LWOH�SDJH�PXVW�LQFOXGH�WLWOH

FHQWHUHG�OHIW�ULJKW�DQG�YHUWLFDOO\��VWXGHQW
V�QDPH�DQG�FODVV�QXPEHU��DQG�VKDUH

WKRVH�ZLWK�WKH�VWXGHQWV�EHIRUH�WKH\�GR�WKHLU�UHSRUW�



��

/DERUDWRU\�5HSRUW�(YDOXDWLRQ

�������������������������������������������������������������������������

1DPH����������������������������������������������'DWH

��������������������������������������������������������������������������������������������������������

$FWLYLW\

([FHOOHQW *RRG 6DWLVIDFWRU\ 8QVDWLVIDFWRU\

��&RPSOHWHQHVV

��$FFXUDF\

��2UJDQL]DWLRQ

��3UHVHQWDWLRQ

&RPPHQWV������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������

2YHUDOO�5HSRUW�*UDGH��������������������



��

'DWD�&ROOHFWLRQ�1RWHERRN�&KHFNOLVW

�������������������������������������������������������������������������������������

1DPH����������������������������������������������������������'DWH

$�FKHFNPDUN�LQGLFDWHV�WKDW�WKH�FULWHULRQ�LV�VDWLVIDFWRU\���1R�PDUN�LQGLFDWHV�WKDW�WKH

FULWHULRQ�LV�HLWKHU�PLVVLQJ�RU�XQVDWLVIDFWRU\�

��'RFXPHQWDWLRQ�LV�FRPSOHWH��

�7KH�LQIRUPDWLRQ�RU�GDWD�FROOHFWHG�LV�DFFXUDWH�

��:ULWWHQ�ZRUN�LV�QHDW�DQG�OHJLEOH�

��7DEOHV�DQG�GLDJUDPV�DUH�FRPSOHWHG�QHDWO\�

��(DFK�QHZ�VHFWLRQ�EHJLQV�ZLWK�DQ�DSSURSULDWH�KHDGLQJ�

��(UURUV�DUH�FURVVHG�RXW�EXW�QRW�HUDVHG�

��6SHOOLQJ�DQG�ODQJXDJH�XVDJH�DUH�HGLWHG�DQG�FRUUHFWHG�

��,QIRUPDWLRQ�LV�UHFRUGHG�LQ�D�ORJLFDO�VHTXHQFH�

��7HFKQRORJLFDO�DLGV�DUH�XVHG�DSSURSULDWHO\�

��1RWHV�DUH�FROOHFWHG�LQ�D�IROGHU�RU�ELQGHU�

��&RORXU�RU�JUDSKLFV�DUH�XVHG�WR�HQKDQFH�WKH�DSSHDUDQFH�

��5RXJK�ZRUN�LV�GRQH�VHSDUDWHO\�

&RPPHQWV�2YHUDOO�,PSUHVVLRQV����������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������

�����������

 7KLV�FKHFNOLVW�PD\�EH�XVHG�E\�WHDFKHUV��RU�E\�VWXGHQWV�IRU�VHOI�HYDOXDWLRQ���,W�PD\

EH�XVHG�WR�HYDOXDWH�QRWHERRNV��ODERUDWRU\�GDWD�FROOHFWLRQ�GRQH�GXULQJ

LQYHVWLJDWLRQV��RU�PRUH�IRUPDO�ZULWWHQ�ODERUDWRU\�UHSRUWV���6WXGHQWV�VKRXOG�EH

PDGH�DZDUH�RI�WKHVH�FULWHULD�DW�WKH�VWDUW�RI�WKH�WHUP�



��

2EVHUYDWLRQ�RI�*URXS�%HKDYLRXUV

���������������������������������������������������������

6WXGHQW�RU�*URXS

$FWLYLWLHV�

D��������������������������������������������������������

E�������������������������������������������������������

F��������������������������������������������������������

G�������������������������������������������������������

H��������������������������������������������������������

I����������������������������������������������������������

�� �UDUHO\����� �RFFDVLRQDOO\����� �IUHTXHQWO\����� �FRQVLVWHQWO\

D E F G H I

�5HPDLQV�RQ�WDVN

�)ROORZV�GLUHFWLRQV

�([KLELWV�OHDGHUVKLS

�5HVSHFWV�WKH�LGHDV�RI�RWKHUV

�:RUNV�FRRSHUDWLYHO\

�&RPPXQLFDWHV�HIIHFWLYHO\

�6KDUHV�WDVNV�HTXLWDEO\

�:RUNV�VDIHO\

�+DQGOHV�HTXLSPHQW�FRUUHFWO\

�'LVSOD\V�LQLWLDWLYH

�([KLELWV�VFLHQWLILF�FXULRVLW\



��

6FLHQFH�&KDOOHQJH�6XJJHVWHG�0DUNLQJ�6FKHPH

�������������������������������������������������������������������������

1DPH

�������������������������������������������������������������������������������������������������������

'HVFULSWLRQ�RI�$FWLYLW\

���������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������

������������������

'XH�'DWH

:HLJKW 6FRUH

&RQWHQW

$FFXUDF\ ������ �������

&RPSOHWHQHVV ����� �������

5DQJH�RI�FRYHUDJH ����� �������

&RQFHSW�DWWDLQPHQW ����� �������

3UHVHQWDWLRQ�RI�0DWHULDO

/D\RXW ������ �������

1HDWQHVV ������ �������

2UJDQL]DWLRQ�RI�LGHDV ����� �������

/DQJXDJH�XVDJH ����� �������

2ULJLQDOLW\ ����� �������

6RXUFHV�DFNQRZOHGJHG ������ �������

*UDSKV��WDEOHV��DQG�FKDUWV ����� �������

6XSSRUWLQJ�H[KLELWV��PRGHOV��HWF�� ����� �������

'HDGOLQH�PHW ������ �������

,QWHUHVW�OHYHO ����� �������

������� �������

2UDO�5HSRUW �����

������� �������

%RQXV��VXEPLWWHG�EHIRUH�GXH�GDWH� ������ �������

7RWDO �������



��

)DFWRUV�RI�6FLHQWLILF�/LWHUDF\�'HYHORSHG�LQ�6FLHQFH���

7KHVH FKHFNOLVWV PD\ EH XVHG LQ D YDULHW\ RI ZD\V� 7HDFKHUV PD\ ZLVK WR XVH WKHP WR GHWHUPLQH ZKLFK IDFWRUV

KDYH EHHQ FRYHUHG WKURXJKRXW WKH HQWLUH \HDU WR HQVXUH WKDW DGHTXDWH FRYHUDJH KDV EHHQ SURYLGHG IRU WKHP� 7KH

FKHFNOLVWV FRXOG DOVR EH XVHG ZKHQ FRYHULQJ D SDUWLFXODU WRSLF� 2QFH IDFWRUV ZKLFK KDYH QRW EHHQ HPSKDVL]HG LQ

WKDW WRSLF KDYH EHHQ LGHQWLILHG� WHDFKHUV FDQ WKHQ XVH WKDW LQIRUPDWLRQ LQ WKHLU SODQQLQJ RI VXEVHTXHQW WRSLFV WR

HQVXUH WKDW DOO RI WKH IDFWRUV KDYH EHHQ JLYHQ VXIILFLHQW FRYHUDJH E\ WKH HQG RI WKH FRXUVH� &ROXPQV IRU FRUH DQG

RSWLRQDO XQLWV DUH VKRZ�

'LPHQVLRQ�$����1DWXUH�RI�6FLHQFH

�)DFWRUV

�����SXEOLF�SULYDWH

�����KLVWRULF

�����KROLVWLF

�����UHSOLFDEOH

�����HPSLULFDO

�����SUREDELOLVWLF

�����XQLTXH

�����WHQWDWLYH

�����KXPDQ�FXOWXUH�UHODWHG
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'LPHQVLRQ�%����.H\�6FLHQFH�&RQFHSWV

)DFWRUV

�� FKDQJH

�� LQWHUDFWLRQ

�� RUGHUOLQHVV

�� RUJDQLVP

�� SHUFHSWLRQ

�� V\PPHWU\

�� IRUFH

�� TXDQWLILFDWLRQ

�� UHSURGXFLELOLW\ RI UHVXOWV

��� FDXVH�HIIHFW

��� SUHGLFWDELOLW\

��� FRQVHUYDWLRQ

��� HQHUJ\�PDWWHU

��� F\FOH

��� PRGHO

��� V\VWHP

��� ILHOG

��� SRSXODWLRQ

��� SUREDELOLW\

��� WKHRU\

��� DFFXUDF\

��� IXQGDPHQWDO HQWLWLHV

��� LQYDULDQFH

��� VFDOH

��� WLPH�VSDFH

��� HYROXWLRQ

��� DPSOLILFDWLRQ

��� HTXLOLEULXP

��� JUDGLHQW

��� UHVRQDQFH

��� VLJQLILFDQFH

��� YDOLGDWLRQ
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'LPHQVLRQ�&���3URFHVVHV�RI�6FLHQFH�

�)DFWRUV

������FODVVLI\LQJ

������FRPPXQLFDWLQJ

������REVHUYLQJ�DQG�GHVFULELQJ

������ZRUNLQJ�FRRSHUDWLYHO\

������PHDVXULQJ�

������TXHVWLRQLQJ

������XVLQJ�QXPEHUV

������K\SRWKHVL]LQJ

������LQIHUULQJ

������SUHGLFWLQJ

������FRQWUROOLQJ�YDULDEOHV

������LQWHUSUHWLQJ�GDWD

������IRUPXODWLQJ�PRGHOV

������SUREOHP�VROYLQJ

������DQDO\]LQJ

������GHVLJQLQJ�H[SHULPHQWV

������XVLQJ�PDWKHPDWLFV

������XVLQJ�WLPH�VSDFH�UHODWLRQVKLSV

������FRQVHQVXV�PDNLQJ

������GHILQLQJ�RSHUDWLRQDOO\
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'LPHQVLRQ�'���6FLHQFH�7HFKQRORJ\�6RFLHW\�(QYLURQPHQW

,QWHUUHODWLRQVKLSV�

�)DFWRUV

������VFLHQFH�DQG�WHFKQRORJ\

������VFLHQWLVWV�DQG�WHFKQRORJLVWV�DUH

�KXPDQ

������LPSDFW�RI�VFLHQFH�DQG�WHFKQRORJ\

������VFLHQFH��WHFKQRORJ\��DQG�WKH

�HQYLURQPHQW

������SXEOLF�XQGHUVWDQGLQJ�JDS

������UHVRXUFHV�IRU�VFLHQFH�DQG�WHFKQRORJ\

������YDULDEOH�SRVLWLRQV

������OLPLWDWLRQV�RI�VFLHQFH�DQG�WHFKQRORJ\

������VRFLDO�LQIOXHQFH�RQ�VFLHQFH�DQG

�WHFKQRORJ\

������WHFKQRORJ\�FRQWUROOHG�E\�VRFLHW\

������VFLHQFH��WHFKQRORJ\��DQG�RWKHU

��UHDOPV
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'LPHQVLRQ�(���6FLHQWLILF�DQG�7HFKQLFDO�6NLOOV

�)DFWRUV

������XVLQJ�PDJQLI\LQJ�LQVWUXPHQWV

������XVLQJ�QDWXUDO�HQYLURQPHQWV

������XVLQJ�HTXLSPHQW�VDIHO\

������XVLQJ�DXGLRYLVXDO�DLGV

������FRPSXWHU�LQWHUDFWLRQ

������PHDVXULQJ�GLVWDQFH

������PDQLSXODWLYH�DELOLW\

������PHDVXULQJ�WLPH

������PHDVXULQJ�YROXPH

������PHDVXULQJ�WHPSHUDWXUH

������PHDVXULQJ�PDVV

������XVLQJ�HOHFWURQLF�LQVWUXPHQWV

������XVLQJ�TXDQWLWDWLYH�UHODWLRQVKLSV
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'LPHQVLRQ�)���9DOXHV�WKDW�8QGHUOLH�6FLHQFH

�)DFWRUV

������ORQJLQJ�WR�NQRZ�DQG�XQGHUVWDQG

������TXHVWLRQLQJ

������VHDUFK�IRU�GDWD�DQG�WKHLU�PHDQLQJ

������YDOXLQJ�QDWXUDO�HQYLURQPHQWV

������UHVSHFW�IRU�ORJLF

������FRQVLGHUDWLRQ�RI�FRQVHTXHQFH

������GHPDQG�IRU�YHULILFDWLRQ

������FRQVLGHUDWLRQ�RI�SUHPLVH

'LPHQVLRQ�*��6FLHQFH�5HODWHG�,QWHUHVWV�DQG�$WWLWXGHV

�)DFWRUV

������LQWHUHVW

������FRQILGHQFH

������FRQWLQXRXV�OHDUQHU

������PHGLD�SUHIHUHQFH

������DYRFDWLRQ

������UHVSRQVH�SUHIHUHQFH

������YRFDWLRQ

������H[SODQDWLRQ�SUHIHUHQFH

������YDOXLQJ�FRQWULEXWRUV
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Unit Planning What follows is one of many ways to plan a unit.  No one method of planning is prescribed for use.  What is important is that units be
planned.  Through planning, the maximum benefit for the students in each classroom can be achieved.  The topics can be tailored to
the interests, needs, and conditions which prevail within each class.  Unit planning is an important part of adapting the curriculum to
the classroom.

        Unit Planning Guide

• Select the topics to be covered in Science 10 for the
year.  Decide in what order they will be presented.
Consult with teachers from other areas of study to
see if team teaching or integration of the units is
possible.  If the Teacher Selected Topic option is
picked in Core Unit B or Core Unit C, write learning
objectives for the topic chosen.  Talk to the teacher-
librarian about your yearly plan and the resources
you are likely to need.

• Analyze how the Common Essential Learnings
can be developed within the activities of each
lesson.  In some cases the activity will dictate
which Common Essential Learnings are
developed.  In other cases, the activity may be
such that the instructional approaches used to
guide the learning can be selected to emphasize
particular Common Essential Learnings.

• Scan the unit - the Factors of Scientific literacy
to Be Emphasized, the Foundational objectives
for Science and the Common Essential
Learnings, the Learning Objectives for the topic
which has been selected - to give yourself an idea of
the scope of the unit.

• Analyze both the foundational and the learning
objectives.  Decide which learning objectives you
will use to develop the foundational objectives and
factors of Scientific Literacy.  Create any new
learning objectives which you feel will enhance the
unit.

Develop, or select from the resources, activities
which are appropriate for the objectives.  then,
analyze those activities to determine which of the
factors of scientific literacy are present.  Modify,
adapt, or extend the activities so that the factors of
scientific literacy which should be emphasized in
that unit will be addressed.

When selecting activities, consider which
instructional methods are appropriate for the
activities, and ensure a selection which allows for
the use of a variety of methods.

• Create a time schedule for the unit, which shows
the lesson structure within the unit.  Consider
splitting the unit into sections which could be
taught over an extended period of the school
year.

• Consider each activity to determine how it might be
linked to topics in other areas of study.  Modify the
activities to strengthen these connections.

• Use Science 10: An Information Bulletin for the
Secondary Level - Key Resources to identify the
resources which have been correlated to this unit.
Refer to Science 10: A bibliography for the
Secondary Level to select additional resources.
Check with the teacher-librarian in your school or
division and in the resource centre of your school.
Public libraries may have useful resources.  Media
House productions and the National film Board are
two sources of video and film resources.  List any
people who may act as resources, or sites which may
be appropriate for field trips.  Retrieve any activities,
lesson plans, or information from your colleagues'
files which you can use in the unit.

Consider the special initiatives of Gender Equity,
Indian and Métis perspectives, and Agriculture in
the Classroom.  How can they be stressed during this
unit?

• Organize the activities into lessons.  A lesson need
not be a specific length.  It may extend over a
number of days or weeks, using a variable amount
of time each day.  If a teacher-librarian is available
for team teaching, those parts of the lessons which
require research may be taught together.

• Develop on evaluation plan for the unit.  Help on
this aspect of planning is available elsewhere in
this guide and in Student Evaluation:  A Teacher
Handbook (Saskatchewan Education, 1991).
Just as a variety of activities should be chosen to
accomplish the objectives, a variety of evaluation
strategies should be employed so that all aspects
of learning can be assessed.
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0RGHO�8QLW���:DWHU�4XDOLW\

8QLW�2YHUYLHZ

7KLV PRGHO XQLW LV GHVLJQHG WR EH WDXJKW DIWHU 7RSLF

%��� &KHPLFDO &KDQJH� ,I &KHPLFDO &KDQJH LV QRW RQH

RI WKH WRSLFV \RX KDYH FKRVHQ RU LI LW ZLOO EH GHDOW ZLWK

ODWHU� WKH HQWU\ OHYHO RI WKH VWXGHQWV
 NQRZOHGJH RI

FKHPLFDOV� UHDFWLRQV� DQG VROXELOLW\ PXVW EH DVVHVVHG�

2QFH WKH QHZ 0LGGOH /HYHO FXUULFXOXP LV EHLQJ XVHG�

FRUH XQLWV LQ JUDGHV � DQG � GHDOLQJ ZLWK FKHPLFDOV

DQG UHDFWLRQV VKRXOG JLYH DOO JUDGH WHQ VWXGHQWV

HQRXJK EDFNJURXQG WR KDQGOH WKLV XQLW� 8QWLO WKHQ�

XVLQJ WKH &KHPLFDO &KDQJH XQLW ILUVW RU WHDFKLQJ

FRQFHSWV DV WKH\ DUH QHHGHG ZLOO VXSSRUW WKLV XQLW�

7KHUH DUH PDQ\ DSSURDFKHV ZKLFK PD\ EH WDNHQ LQ

GHDOLQJ ZLWK WKLV WRSLF� 0XQLFLSDO DFTXLVLWLRQ� XVH�

DQG GLVSRVDO RI ZDWHU LV WKH DSSURDFK FKRVHQ�

,QGXVWULDO� DJULFXOWXUDO RU ZLOGOLIH KDELWDW XVH FRXOG

DOVR VHUYH DV WKH FHQWUDO RUJDQL]HU LQ D WHDFKHU�

GHYHORSHG XQLW� $OWHUQDWLYHO\� VSHFLILF UHVRXUFHV FRXOG

EH XVHG WR JLYH VWUXFWXUH WR WKLV XQLW� 7ZR H[DPSOHV RI

H[FHOOHQW UHVRXUFHV DUH &KHP&RP &KHPLVWU\ LQ WKH

&RPPXQLW\� 8QLW � �6XSSO\LQJ 2XU :DWHU 1HHGV�

�$PHULFDQ &KHPLFDO 6RFLHW\� DQG:DWHU� D

FRPSRQHQW RI WKH 3HUVSHFWLYHV LQ 6FLHQFH LQWHUDFWLYH

YLGHR VHULHV �1DWLRQDO )LOP %RDUG RI &DQDGD�� (LWKHU

RI WKHVH UHVRXUFHV FRXOG IRUP WKH FRUH RI D XQLW ZKLFK

ZRXOG EH DSSURSULDWH IRU WKH IRXQGDWLRQDO REMHFWLYHV

RXWOLQHG DQG FRXOG EH DGDSWHG IRU 6DVNDWFKHZDQ

FODVVURRPV�

.H\ SXUSRVHV DUH IRU VWXGHQWV WR DFTXLUH DQ

XQGHUVWDQGLQJ RI KRZ D SDUWLFXODU ZDWHU TXDOLW\ LVVXH

DIIHFWV WKHP DQG RI KRZ WKHLU OLIHVW\OH LQIOXHQFHV

ZDWHU TXDOLW\� 7KH XQLW DOVR RIIHUV VWXGHQWV D FKDQFH

WR EH DFWLYHO\ LQYROYHG LQ LQYHVWLJDWLQJ WKHLU

HQYLURQPHQW� 7KH LQWHUUHODWLRQVKLSV DPRQJ VFLHQFH�

WHFKQRORJ\� VRFLHW\� DQG WKH HQYLURQPHQW VWDQG RXW

FOHDUO\ LQ WKLV XQLW�

6WXGHQW ZRUNLQJ JURXSV VKRXOG EH VWUXFWXUHG WR

PD[LPL]H WKH EHQHILWV WR WKH VWXGHQWV� +HWHURJHQHRXV

JURXSV LQ ZKLFK HDFK VWXGHQW KDV SDUWLFXODU

UHVSRQVLELOLWLHV� DQG VWUDWHJLHV IRU HQKDQFLQJ

LQWHUDFWLRQ ZLWKLQ JURXSV DQG EHWZHHQ JURXSV DUH

LPSRUWDQW� 6XJJHVWLRQV IRU RUJDQL]LQJ D FODVV WR

PDNH EHVW XVH RI JURXS ZRUN FDQ EH IRXQG LQ 7RJHWKHU

:H /HDUQ �&ODUNH� ������

7KH SXUSRVH RI WKH PRGHO XQLW LV QRW WR FUHDWH DQ

H[SHFWDWLRQ WKDW DOO XQLWV PXVW EH SODQQHG DQG

UHFRUGHG LQ WKLV GHWDLO� EXW WR JLYH DQ H[DPSOH RI KRZ

WKH LQLWLDWLYHV RI WKH &RUH &XUULFXOXP � WKH $GDSWLYH

'LPHQVLRQ� &RPPRQ (VVHQWLDO /HDUQLQJV� *HQGHU

(TXLW\� ,QGLDQ DQG 0pWLV SHUVSHFWLYH� DQG 5HVRXUFH�

%DVHG /HDUQLQJ � FDQ EH LQFRUSRUDWHG LQWR WKH 6FLHQFH

�� FXUULFXOXP� ,I \RX GHFLGH WR XVH WKLV PRGHO XQLW�

DGDSW� PRGLI\� DQG VHOHFW IURP WKH DFWLYLWLHV RXWOLQHG

DFFRUGLQJ WR WKH UHVRXUFHV� LQWHUHVWV� IDFLOLWLHV� DQG

WLPH ZKLFK GHILQH \RXU VLWXDWLRQ�

7KLV XQLW KDV EHHQ GLYLGHG LQWR IRXU SDUWV DV

GHVFULEHG LQ WKH RXWOLQH�

8QLW�2XWOLQH

� ,PSRUWDQFH RI :DWHU �� KRXUV�

� 'HWHFWLQJ &RQWDPLQDQWV �� KRXUV�

� 3UHVHUYLQJ :DWHU 4XDOLW\ �� KRXUV�

� &RQVHUYLQJ :DWHU DQG $TXDWLF +DELWDW �� KRXUV�

2EMHFWLYHV

7KH )RXQGDWLRQDO 2EMHFWLYHV IRU 6FLHQFH DQG

WKH &RPPRQ (VVHQWLDO /HDUQLQJV ZKLFK DUH

RXWOLQHG DW WKH VWDUW RI &RUH 8QLW $ DUH WKH

IRXQGDWLRQDO REMHFWLYHV IRU WKLV WRSLF� 6WDWLQJ

SDUWLFXODU IRXQGDWLRQDO REMHFWLYHV IRU WKH &RPPRQ

(VVHQWLDO /HDUQLQJV GRHV QRW SUHFOXGH WKH

GHYHORSPHQW RI RWKHU &RPPRQ (VVHQWLDO /HDUQLQJV

REMHFWLYHV GXULQJ WKLV XQLW� 7KH IRXQGDWLRQDO

REMHFWLYHV ZLOO SURYLGH D IUDPHZRUN IRU SODQQLQJ�

/LVWHG LQ WKLV PRGHO XQLW DUH OHDUQLQJ REMHFWLYHV

VHOHFWHG RU DGDSWHG IURP WKRVH XQGHU 7RSLF $��

:DWHU 4XDOLW\ LQ WKH &XUULFXOXP *XLGH� IURP

DGGLWLRQDO OHDUQLQJ REMHFWLYHV FUHDWHG WR HQKDQFH WKLV

XQLW� DQG IURP OHDUQLQJ REMHFWLYHV IRU WKH &RPPRQ

(VVHQWLDO /HDUQLQJV�

0RVW REMHFWLYHV DUH IURP WKLV &XUULFXOXP *XLGH�

SDJH ��� UHRUJDQL]HG WR PDWFK WKH VWUXFWXUH RI WKLV

PRGHO XQLW� 7KRVH ZKLFK KDYH EHHQ DGDSWHG RU

FUHDWHG IRU WKLV XQLW DUH VR GHVFULEHG� /HDUQLQJ

REMHFWLYHV ZKLFK KHOS GHYHORS WKH &RPPRQ (VVHQWLDO

/HDUQLQJV DUH ODEHOOHG ZLWK WKH FRGH IRU &RPPRQ

(VVHQWLDO /HDUQLQJV ZKLFK LV XVHG WKURXJKRXW WKLV

JXLGH�

$FWLYLWLHV

7KUHH OLQHV RI FURVV�UHIHUHQFHV IROORZ HDFK RI WKH

DFWLYLWLHV VXJJHVWHG IRU XVH LQ WKH XQLW� /HDUQLQJ

REMHFWLYHV� IDFWRUV RI WKH 'LPHQVLRQV RI 6FLHQWLILF

/LWHUDF\� DQG DVVHVVPHQW VWUDWHJLHV DUH OLVWHG WR KHOS

\RX EHFRPH IDPLOLDU ZLWK WKH UDQJH RI VWUDWHJLHV



��

GHVLUDEOH LQ WHDFKLQJ 6FLHQFH ��� 7KLV LV QRW PHDQW WR

LPSO\ WKDW WKHVH DUH WKH RQO\ OHDUQLQJ REMHFWLYHV

ZKLFK FDQ EH DFKLHYHG� HYDOXDWLRQ WHFKQLTXHV ZKLFK

FDQ EH XVHG RU IDFWRUV ZKLFK FDQ EH GHYHORSHG� 7KH\

DUH PHDQW WR VXJJHVW WKDW WKH UHDVRQV DFWLYLWLHV DUH

GRQH DUH WR DFKLHYH REMHFWLYHV DQG WR GHYHORS DQ

XQGHUVWDQGLQJ RI VFLHQFH LQ DOO LWV IDFHWV�

$GMXVW WKH WLPH DOORWWHG� DGG� GHOHWH� RU PRGLI\

DFWLYLWLHV DV DSSURSULDWH� &XVWRPL]H WKLV XQLW WR ILW

WKH QHHGV RI \RXU VWXGHQWV DQG WKH IDFLOLWLHV DQG

UHVRXUFHV ZLWK ZKLFK \RX ZRUN�

5HVRXUFHV �IURP 6FLHQFH ��� $Q ,QIRUPDWLRQ

%XOOHWLQ IRU WKH 6HFRQGDU\ /HYHO � .H\ 5HVRXUFHV�

6FLHQFH ��� $ %LEOLRJUDSK\ IRU WKH 6HFRQGDU\ /HYHO�

DQG RWKHU VRXUFHV��

� PXQLFLSDO HPSOR\HHV

� VFKRRO \DUG

� ZDWHU DQG ZDVWHZDWHU WUHDWPHQW IDFLOLWLHV

� $QGUHZV� :� ,QYHVWLJDWLQJ $TXDWLF (FRV\VWHPV�

7RURQWR� 3UHQWLFH�+DOO�

� &DGXWR� 0� .HHSHUV RI WKH (DUWK� 6DVNDWRRQ� )LIWK

+RXVH�

� &DQGLGR� -� +HDWK 6FLHQFH &RQQHFWLRQV� 7RURQWR�

'�&� +HDWK�

� 'RQDYRQ� 7� &KHPLFDOV LQ $FWLRQ� 7RURQWR� +ROW�

5LQHKDUW� :LQVWRQ�

� .HHWKDQRZ 6FKRRO 6WDII� 7KH 6WDQOH\ 0LVVLRQ

:DWHU 8QLW� /D 5RQJH� +ROODQG�'DOE\ (GXFDWLRQDO

&RQVXOWLQJ�

� 3HUVSHFWLYHV LQ 6FLHQFH� :DWHU� 2WWDZD� 1DWLRQDO

)LOP %RDUG�

� 3URMHFW :,/' ������ $FWLYLW\ *XLGH� 2WWDZD�

&DQDGLDQ :LOGOLIH )HGHUDWLRQ�

� 5LFKDUGV� -� $WODV RI 6DVNDWFKHZDQ� 6DVNDWRRQ�

0RGHUQ 3UHVV�

� 6DVNDWFKHZDQ (GXFDWLRQ� $ )LQH 6FLHQFH� 5HJLQD�

5HIHUHQFHV

� &ODUNH� -� ������� 7RJHWKHU :H /HDUQ� 7RURQWR�

3UHQWLFH�+DOO�

� 1RYDN� -� ������� /HDUQLQJ +RZ WR /HDUQ� 1HZ

<RUN� &DPEULGJH 8QLYHUVLW\ 3UHVV�

� 6DVNDWFKHZDQ (GXFDWLRQ ������� 8QGHUVWDQGLQJ

WKH &RPPRQ (VVHQWLDO /HDUQLQJV� $ +DQGERRN IRU

7HDFKHUV� 5HJLQD�

� 6DVNDWFKHZDQ (GXFDWLRQ ������� 6WXGHQW

(YDOXDWLRQ� $ 7HDFKHU +DQGERRN� 5HJLQD�
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,PSRUWDQFH RI :DWHU

/HDUQLQJ REMHFWLYHV

$���� 5HFRJQL]H WKH LPSRUWDQFH RI ZDWHU IRU WKH VXUYLYDO RI

OLIH

$���� 9DOXH ZDWHU DV DQ LPSRUWDQW UHQHZDEOH UHVRXUFH

&20�� ([SORUH DQG H[SUHVV WKH SXUSRVH IRU DQG WKH PHDQLQJ

RI ZKDW WKH\ DUH VWXG\LQJ

&20�� XVH TXHVWLRQV DV WRROV WR IXUWKHU WKHLU RZQ DQG RWKHUV·

XQGHUVWDQGLQJ
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$FWLYLWLHV ,Q RUGHU WR KLJKOLJKW WKH YROXPH DQG PDVV RI

UDLQ ZKLFK IDOOV� DGDSW �:KHUH 'RHV WKH :DWHU

*R $IWHU 6FKRRO� IURP WKH 3URMHFW :,/' ������

$FWLYLW\ *XLGH� (PSKDVL]H WKDW DOO ZDWHU�

ZKHWKHU VXUIDFH ZDWHU RU JURXQG ZDWHU LV

UHSOHQLVKHG E\ UDLQ� 8VH WKH EDFNJURXQG

LQIRUPDWLRQ WR VWDUW WR UDLVH VWXGHQWV


DZDUHQHVV RI ZDWHU TXDOLW\ LVVXHV�

7LPH FDQ EH VDYHG E\ KDYLQJ D PDS RI WKH

VFKRRO\DUG DYDLODEOH DW WKH EHJLQQLQJ RI WKH

DFWLYLW\� $OWHUQDWLYHO\� LI WKH ZHDWKHU LV

SOHDVDQW LW PD\ EH D JRRG RSSRUWXQLW\ WR JR RXW

LQWR WKH VFKRRO\DUG� OHDUQ VRPH RI WKH

GLIILFXOWLHV PDSPDNHUV IDFH� DQG REVHUYH RU

SUHGLFW KRZ ZDWHU GUDLQV LQ WKH VFKRRO\DUG

GXULQJ D UDLQ� $ PDS RI 6DVNDWFKHZDQ VKRZLQJ

WKH GUDLQDJH EDVLQV� DYDLODEOH LQ $WODV RI

6DVNDWFKHZDQ �S����� PD\ SURYLGH DQ

RSSRUWXQLW\ IRU PRUH GLVFXVVLRQ�

(LWKHU LQ WKUHH RU IRXU SHUVRQ JURXSV� RU DV D

ZKROH FODVV� GUDZ FRQFHSW PDSV ZKLFK GHVFULEH WKH

VWXGHQWV
 NQRZOHGJH RI ZDWHU XVH DQG RI WKH ZDWHU

F\FOH� 6RPH LQIRUPDWLRQ DERXW FRQFHSW PDSV FDQ

EH IRXQG LQ 8QGHUVWDQGLQJ WKH &RPPRQ (VVHQWLDO

/HDUQLQJV� $ +DQGERRN IRU 7HDFKHUV �S� ����

'HWDLOHG GHVFULSWLRQV FDQ EH IRXQG LQ /HDUQLQJ

+RZ WR /HDUQ�

3RVW WKH FRQFHSW PDSV LQ WKH FODVVURRP VR WKDW

WKH\ FDQ EH UHYLVHG DW YDULRXV SRLQWV GXULQJ WKLV

XQLW� ,GHQWLI\ TXHVWLRQV RU DUHDV IRU LQYHVWLJDWLRQ

ZKLFK DULVH IURP DQ DQDO\VLV RI WKH PDSV�

5HDG WKH VWRU\ �.ROXVFDS DQG WKH :DWHU 0RQVWHU� IURP

.HHSHUV RI WKH (DUWK� 8VH WKH GLVFXVVLRQ QRWHV DQG

TXHVWLRQV ZKLFK IROORZ WR KHOS VWDUW D GLVFXVVLRQ RI WKH

VWXGHQWV
 LGHDV DERXW ZDWHU VXSSO\ DQG ZDWHU TXDOLW\

LVVXHV�

$V DQ H[WHQVLRQ WR WKLV DFWLYLW\� LQIRUPDWLRQ IURP WKH

&KXUFKLOO 5LYHU 6WXG\� 0LVVLQLSH 3UREH PLJKW EH XVHG WR

WDNH D PRUH H[WHQVLYH ORRN DW WKH NH\ UROH ZDWHU SOD\V LQ

WKDW UHJLRQ RI 6DVNDWFKHZDQ� :KLOH WKH FRPSOHWH UHSRUW

FRQWDLQV PDQ\ YROXPHV� VFKRROV ZKLFK KDYH DFFHVV WR LW

PD\ ILQG LW FRQWDLQV YDOXDEOH PDWHULDOV�

2EMHFWLYHV $���� 9DOXH ZDWHU DV DQ LPSRUWDQW

UHQHZDEOH UHVRXUFH�

&20�� ([SORUH DQG H[SUHVV WKH SXUSRVH IRU

DQG WKH PHDQLQJ

&20�� 8VH TXHVWLRQV DV WRROV WR IXUWKHU

WKHLU RZQ DQG RWKHUV·

XQGHUVWDQGLQJ

$���� 9DOXH ZDWHU DV DQ LPSRUWDQW

UHQHZDEOH UHVRXUFH

&20�� ([SORUH DQG H[SUHVV WKH SXUSRVH IRU

DQG WKH PHDQLQJ RI ZKDW WKH\ DUH

VWXG\LQJ

&20�� 8VH TXHVWLRQV DV WRROV WR IXUWKHU WKHLU

RZQ DQG RWKHUV· XQGHUVWDQGLQJ

$���� 5HFRJQL]H WKH LPSRUWDQFH RI ZDWHU IRU

WKH VXUYLYDO RI OLIH

$���� 9DOXH ZDWHU DV DQ LPSRUWDQW UHQHZDEOH

UHVRXUFH

&20�� ([SORUH DQG H[SUHVV WKH SXUSRVH IRU

DQG WKH PHDQLQJ RI ZKDW WKH\ DUH

VWXG\LQJ�

)DFWRUV %�� V\VWHP

&� ZRUNLQJ FRRSHUDWLYHO\

&�� LQWHUSUHWLQJ GDWD

)� TXHVWLRQLQJ

)� &RQVLGHUDWLRQ RI FRQVHTXHQFH

*� ,QWHUHVW

$� SXEOLF�SULYDWH

$� KROLVWLF

$� WHQWDWLYH

$� KXPDQ�FXOWXUH UHODWHG

%�� V\VWHP

&� FRPPXQLFDWLQJ

&� TXHVWLRQLQJ

'� YDULDEOH SRVLWLRQV

(� XVLQJ DXGLR YLVXDO DLGV

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

$� KROLVWLF

$� KXPDQ�FXOWXUH UHODWHG

%�� FDXVH�HIIHFW

&� FRPPXQLFDWLQJ

&�� LQWHUSUHWLQJ GDWD

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

$VVHVVPHQW ��� VKRUW DQVZHU LWHPV $�� DQHFGRWDO UHFRUGV

%�� VHOI� DQG SHHU�DVVHVVPHQW

��� HVVD\V



��

$FWLYLWLHV 8VH WKH �+RZ :HW ,V 2XU 3ODQHW"�

DFWLYLW\ IURP WKH 3URMHFW :,/' ������

$FWLYLW\ *XLGH� 7KLV DFWLYLW\ KHOSV

VWXGHQWV XQGHUVWDQG WKH SHUFHQWDJH RI

(DUWK
V ZDWHU ZKLFK LV DYDLODEOH IRU

KXPDQ XVH DQG KLJKOLJKWV WKH QHHG IRU

ZDWHU FRQVHUYDWLRQ�

$VN VWXGHQWV WR IRUP ZRUNLQJ JURXSV RI WKUHH

RU IRXU WR GHVLJQ D GDWD FROOHFWLRQ WDEOH RQ

ZKLFK WKH\ FDQ UHFRUG DOO WKH ZDWHU ZKLFK

WKH\ XVH LQ D GD\� ,Q RUGHU WR IDFLOLWDWH JURXS

ZRUN� WHDFKHUV PD\ ZDQW WR LPSOHPHQW PDQ\

RI WKH VXJJHVWLRQV PDGH LQ 7RJHWKHU :H

/HDUQ� :KHQ HDFK JURXS KDV D WDEOH

SUHSDUHG� DVN WKHP WR FRQVXOW ZLWK RQH RWKHU

JURXS WR FRPSDUH WKH WDEOHV� 6RPH TXHVWLRQV

WKH\ PLJKW DVN DERXW WKHLU WDEOH DQG WKH RQH

WKH\ DUH FRPSDULQJ DUH�

� ,V LW FRPSUHKHQVLYH" 'RHV LW OLVW PRVW

DFWLYLWLHV ZKLFK UHTXLUH ZDWHU XVH DW

VFKRRO� KRPH� DQG HOVHZKHUH"

� +DYH DFWLYLWLHV LQ ZKLFK WKH LQGLYLGXDO VKDUHV D SDUW �H�J��

ZDVKLQJ DQG FRRNLQJ IRRG� ZDVKLQJ FORWKHV� ZDWHULQJ KRXVH SODQWV�

IORRGLQJ WKH LFH EHIRUH SXEOLF VNDWLQJ� EHHQ LQFOXGHG" ,I QR� ZK\" ,I

VR� KRZ KDYH WKH LQGLYLGXDO VKDUHV EHHQ HVWLPDWHG"

� 'RHV LW SURYLGH DFFXUDWH HVWLPDWHV RI WKH YROXPH RI ZDWHU SHU

XVH" $UH WKH HVWLPDWHV PDGH XVLQJ OLWUHV" 7KH DFWLYLW\ �$OLFH LQ

:DWHUODQG� LQ WKH 3URMHFW :,/' ������ $FWLYLW\ *XLGH KDV D FKDUW

ZKLFK SURYLGHV YROXPH HVWLPDWHV RI W\SLFDO XVDJHV� +RZ FDQ

HVWLPDWHV RI RWKHU XVDJHV EH PDGH" +RZ FRXOG WKHVH HVWLPDWHV EH

FKHFNHG"

�'RHV LW KDYH SURYLVLRQ IRU UHFRUGLQJ XVHV QRW OLVWHG"

�,V LW HDV\ WR XVH"

2EMHFWLYHV $���� 9DOXH ZDWHU DV DQ LPSRUWDQW

UHQHZDEOH UHVRXUFH

&20�� ([SORUH DQG H[SUHVV WKH

SXUSRVH IRU DQG WKH

PHDQLQJ RI ZKDW WKH\ DUH

VWXG\LQJ

$���� 5HFRJQL]H WKH LPSRUWDQFH RI

ZDWHU IRU WKH VXUYLYDO RI OLIH

$���� 9DOXH ZDWHU DV DQ LPSRUWDQW

UHQHZDEOH UHVRXUFH

&20�� ([SORUH DQG H[SUHVV WKH

SXUSRVH IRU DQG WKH PHDQLQJ RI

ZKDW WKH\ DUH VWXG\LQJ

&20�� 8VH TXHVWLRQV DV WRROV WR

IXUWKHU WKHLU RZQ DQG RWKHUV·

XQGHUVWDQGLQJ

$OORZ WKHP VRPH DGGLWLRQDO WLPH WR UHYLVH WKHLU WDEOHV DIWHU WKLV

FRQVXOWDWLRQ� $VN WKHP WR VXEPLW D JRRG FRS\ RI WKH UHYLVHG WDEOH WR

\RX VR WKDW \RX FDQ GXSOLFDWH LW IRU DOO PHPEHUV RI WKH JURXS�

'XSOLFDWH HQRXJK VR WKDW HDFK JURXS PHPEHU KDV VHYHQ FRSLHV�

:KHQ WKHVH FRSLHV DUH UHWXUQHG WR WKH VWXGHQWV QH[W FODVV� DVN

HDFK VWXGHQW WR FRPSOHWH WKHVH GDWD VKHHWV GXULQJ WKH QH[W VHYHQ

GD\V� ,Q DGGLWLRQ� DVN WKHP WR UHDG WKHLU KRPH ZDWHU PHWHU �LI WKHLU

ZDWHU LV PHWHUHG� DQG UHFRUG WKH ZDWHU PHWHU UHDGLQJ DORQJ ZLWK

GDWH DQG WLPH RI UHDGLQJ RQ RQH RI WKH VKHHWV� :KDW XQLWV GRHV WKH

ZDWHU PHWHU PHDVXUH � FXELF PHWUHV� FXELF IHHW� OLWUHV"

)DFWRUV %�� FDXVH�HIIHFW

%�� FRQVHUYDWLRQ

&� FRPPXQLFDWLQJ

&�� LQWHUSUHWLQJ GDWD

'� LPSDFW RI VFLHQFH DQG

WHFKQRORJ\

'� YDULDEOH SRVLWLRQV

(� XVLQJ DXGLR YLVXDO DLGV

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

*� LQWHUHVW

$� SXEOLF�SULYDWH

%�� FRQVHUYDWLRQ

&� ZRUNLQJ FRRSHUDWLYHO\

&� TXHVWLRQLQJ

'� VFLHQFH� WHFKQRORJ\� DQG WKH

HQYLURQPHQW

(� FRPSXWHU LQWHUDFWLRQ

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

)� FRQVLGHUDWLRQ RI FRQVHTXHQFH

*� LQWHUHVW

$VVLJQ D VWXGHQW RU DVN WKH MDQLWRU WR UHDG WKH VFKRRO
V ZDWHU PHWHU�

5HFRUG WKDW UHDGLQJ DORQJ ZLWK WLPH DQG GDWH LQ \RXU SODQQLQJ

ERRN� �$Q H[WHQVLRQ RI WKLV DFWLYLW\ PLJKW EH WR UHDG WKH VFKRRO

ZDWHU PHWHU DW WKH VDPH WLPH HDFK GD\ GXULQJ WKLV XQLW DQG UHFRUG

WKDW UHDGLQJ RQ D EXOOHWLQ ERDUG RU EODFNERDUG FKDUW LQ WKH

FODVVURRP��

$VVHVVPHQW ��� PXOWLSOH FKRLFH

��� VKRUW DQVZHU LWHPV

$�� DQHFGRWDO UHFRUGV

%�� SRUWIROLRV



��

$FWLYLWLHV ,QVWHDG RI DFWLYLW\ � DERYH� �:DWHU
V *RLQJ 2Q� IURP WKH

3URMHFW :,/' ������ $FWLYLW\ *XLGH PLJKW EH VXEVWLWXWHG�

,W IRFXVHV RQ WKH ZDWHU XVH E\ WKH LQGLYLGXDO VWXGHQWV DW

VFKRRO� DQG WKH GLVFXVVLRQ FHQWUHV DURXQG FRQVHUYLQJ

ZDWHU WKHUH�

7KH 6WDQOH\ 0LVVLRQ :DWHU 8QLW� $FWLYLWLHV DQG ,GHDV

FRQWDLQV DQ LQWHUHVWLQJ DFWLYLW\ HQWLWOHG �:DWHU 0XVLF

$FWLYLWLHV� ZKLFK FDQ EH XVHG DV D ZD\ RI JHWWLQJ VWXGHQWV WR

WKLQN DERXW WKH ZLGH UDQJH RI XVHV IRU ZDWHU� 7KH XQLW LV

GHVLJQHG DV D WKHPDWLF XQLW RQ ZDWHU� ZLWK DSSOLFDELOLW\ IURP

NLQGHUJDUWHQ WKURXJK JUDGH �� LQ D YDULHW\ RI DUHDV RI VWXG\�

7KHUH DUH LGHDV ZKLFK PD\ EH XVHG LQ RWKHU XQLWV RI 6FLHQFH

���

2EMHFWLYHV $���� 5HFRJQL]H WKH LPSRUWDQFH RI ZDWHU IRU WKH

VXUYLYDO RI OLIH

$���� 9DOXH ZDWHU DV DQ LPSRUWDQW UHQHZDEOH

UHVRXUFH

&20�� ([SORUH DQG H[SUHVV WKH SXUSRVH IRU DQG

WKH PHDQLQJ RI ZKDW WKH\ DUH VWXG\LQJ

&20�� 8VH TXHVWLRQV DV WRROV WR IXUWKHU WKHLU RZQ

DQG RWKHUV· XQGHUVWDQGLQJ

$���� 9DOXH ZDWHU DV DQ LPSRUWDQW UHQHZDEOH

UHVRXUFH

&20�� ([SORUH DQG H[SUHVV WKH SXUSRVH IRU DQG WKH

PHDQLQJ RI ZKDW WKH\ DUH VWXG\LQJ

)DFWRUV $� KXPDQ�FXOWXUH UHODWHG

%�� FRQVHUYDWLRQ

&� FRPPXQLFDWLQJ

&� ZRUNLQJ FRRSHUDWLYHO\

&� TXHVWLRQLQJ

'� LPSDFW RI VFLHQFH DQG WHFKQRORJ\

(� XVLQJ DXGLR YLVXDO DLGV

)� TXHVWLRQLQJ

*� LQWHUHVW

$� KXPDQ�FXOWXUH UHODWHG

%�� FDXVH�HIIHFW

&� ZRUNLQJ FRRSHUDWLYHO\

&� TXHVWLRQLQJ

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

)� TXHVWLRQLQJ

*� LQWHUHVW

$VVHVVPHQW $�� REVHUYDWLRQ FKHFNOLVWV

%�� SRUWIROLRV

$�� UDWLQJ VFDOHV



��

'HWHFWLQJ�&RQWDPLQDQWV

/HDUQLQJ REMHFWLYHV

$���� ,QYHVWLJDWH PL[WXUHV DQG VROXWLRQV

$���� 'LVWLQJXLVK EHWZHHQ KDUG DQG VRIW ZDWHU

$���� ,QYHVWLJDWH WKH ZD\ LQ ZKLFK D ZDWHU VRIWHQHU ZRUNV

$����� 'HPRQVWUDWH DQ DELOLW\ WR VHSDUDWH ZDWHU IURP

GLVVROYHG DQG VXVSHQGHG PDWHULDO

$����� ,QYHVWLJDWH WKH SUHVHQFH RI LRQV LQ ZDWHU

$����� 7HVW WKH S+ RI GLIIHUHQW ZDWHU VDPSOHV

$����� QHZ ,GHQWLI\ VRXUFHV RI LRQV LQ ZDWHU

$����� QHZ &RPSDUH OHYHOV RI LRQV LQ D PXQLFLSDO ZDWHU

VRXUFH ZLWK OHYHOV LQ VXUIDFH ZDWHUV DQG ZHOOV IURP

WKH DUHD

&&7 &RQVLGHU DOO HYLGHQFH EHIRUH GUDZLQJ FRQFOXVLRQV DQG

GHYHORSLQJ JHQHUDOL]DWLRQV

7/ 8QGHUVWDQG WKH LPSDFW RI LRQ RU FRQWDPLQDQW

GHWHFWLRQ WHFKQRORJ\ RQ WKH UHFRJQLWLRQ RI WKHVH

VXEVWDQFHV LQ ZDWHU VXSSOLHV

,/ 3ODQ� PDQDJH� DQG HYDOXDWH RQH·V RZQ OHDUQLQJ

H[SHULHQFHV



��

$FWLYLWLHV 3URYLGH HDFK ZRUNLQJ JURXS RI WKUHH RU IRXU

VWXGHQWV ZLWK D VPDOO �� J� VDPSOH RI VRLO� VDOW�

FRUQ VWDUFK� DQG VDZGXVW� $VN WKHP WR GHWHUPLQH

WKH PDVV RI HDFK VDPSOH XVLQJ WKH DQDO\WLFDO

EDODQFHV� 7KHQ� PL[ HDFK RI WKH VDPSOHV LQ WXUQ

ZLWK DERXW �� P/ RI ZDWHU LQ D �� [ ���PP WHVW

WXEH� VKDNLQJ YLJRURXVO\ IRU ����� VHFRQGV� �7KHVH

PDVVHV DQG YROXPHV DUH QRW FULWLFDO� 8VH ZKDWHYHU

LV DSSURSULDWH IRU WKH VL]H RI WHVW WXEHV DYDLODEOH��

&RPSDUH WKH DSSHDUDQFH DQG ZKDW KDSSHQV LQ

HDFK WHVW IRU D WZR PLQXWH SHULRG DIWHU WKH VKDNLQJ

VWRSV� $VVLJQ HDFK JURXS WR GHVLJQ DQG FDUU\ RXW

SURFHGXUHV WR VHSDUDWH DQG GHWHUPLQH WKH GU\

PDVV RI WKH VXVSHQGHG VROLGV DQG GLVVROYHG VROLGV

LQ RQH RI WKH VDPSOHV� 6HFWLRQV ���� ��� DQG ��� LQ

,QYHVWLJDWLQJ $TXDWLF (FRV\VWHPV PD\ EH XVHG IRU

JXLGDQFH LQ DGDSWLQJ� H[SODLQLQJ� RU GLVFXVVLQJ

WKLV DFWLYLW\�

$VN HDFK JURXS WR ZULWH D VXPPDU\ RI LWV

ILQGLQJV WR SUHVHQW WR WKH FODVV�

'HPRQVWUDWH WKH XVH RI FRQGXFWLYLW\ DSSDUDWXV

WR GHWHUPLQH WKH SUHVHQFH RI LRQV LQ D VROXWLRQ�

6XSSO\ HDFK JURXS ZLWK VDPSOHV RI ��� 0 VROXWLRQV RI

VRGLXP FDUERQDWH� FDOFLXP FKORULGH� SRWDVVLXP

K\GUR[LGH� DQG FRSSHU QLWUDWH� 5HPLQG WKH VWXGHQWV WR

WUHDW DOO VROXWLRQV ZLWK FDUH� $GYLVH WKHP RQ KRZ WR

GLVSRVH RI WKHLU XVHG FKHPLFDOV�

$VN WKHP WR REVHUYH DQG GHVFULEH WKH HIIHFW RI PL[LQJ

RQH RU WZR GURSV RI HDFK SRVVLEOH SDLU RI VROXWLRQV� 8VH

WKH UHVXOWV RI WKHLU REVHUYDWLRQV WR LQWURGXFH WKH WHUPV


SUHFLSLWDWLRQ
 DQG 
SUHFLSLWDWH
� 'LVFXVV KRZ D

SUHFLSLWDWLRQ UHDFWLRQ FDXVHG E\ WKH DGGLWLRQ RI D NQRZQ

VROXWLRQ WR D ZDWHU VDPSOH FDQ DFW DV D FKHPLFDO

LQGLFDWRU RI VSHFLILF LRQV LQ WKH VDPSOH�

$Q H[WHQVLRQ RI WKLV DFWLYLW\ FRXOG EH WR GLVFXVV WKH XVH

RI YDULRXV VSHFWURVFRSLF PHWKRGV WR GHWHUPLQH WKH

SUHVHQFH DQG OHYHOV RI LRQV LQ VROXWLRQ�

2EMHFWLYHV $���� ,QYHVWLJDWH PL[WXUHV DQG VROXWLRQV

$����� 'HPRQVWUDWH DQ DELOLW\ WR VHSDUDWH

ZDWHU IURP GLVVROYHG DQG VXVSHQGHG

PDWHULDO

$����� QHZ ,GHQWLI\ VRXUFHV RI LRQV LQ

ZDWHU

,/ 3ODQ� PDQDJH� DQG HYDOXDWH RQH·V

RZQ OHDUQLQJ H[SHULHQFHV

$���� ,QYHVWLJDWH PL[WXUHV DQG VROXWLRQV

$����� ,QYHVWLJDWH WKH SUHVHQFH RI LRQV LQ

ZDWHU

&&7 &RQVLGHU DOO HYLGHQFH EHIRUH GUDZLQJ

FRQFOXVLRQV DQG GHYHORSLQJ

JHQHUDOL]DWLRQV

)DFWRUV $� SXEOLF�SULYDWH

$� WHQWDWLYH

%�� FDXVH�HIIHFW

&� TXHVWLRQLQJ

)� TXHVWLRQLQJ

*� LQWHUHVW

%�� FDXVH�HIIHFW

%�� V\VWHP

&� ZRUNLQJ FRRSHUDWLYHO\

'� LPSDFW RI VFLHQFH DQG WHFKQRORJ\

'� VFLHQFH� WHFKQRORJ\� DQG WKH HQYLURQPHQW

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

$VVHVVPHQW %�� ODERUDWRU\ UHSRUWV

%�� SRUWIROLRV

��� RUDO WHVWV

%�� WHVW VWDWLRQV

��� SHUIRUPDQFH WDVNV



��

$FWLYLWLHV ,QVWUXFW VWXGHQWV RQ SURSHU SURFHGXUHV IRU

WUDQVIHUULQJ VROXWLRQV� ,I SLSHWWHV DUH XVHG� HQVXUH

WKDW EXOEV DQG QRW PRXWKV DUH XVHG WR GUDZ WKH

VROXWLRQ LQWR WKH SLSHWWH� 'URSSHUV RU SLSHWWHV VKRXOG

EH ULQVHG ZLWK GLVWLOOHG ZDWHU EHWZHHQ HDFK XVH�

0L[LQJ VKRXOG EH GRQH FDUHIXOO\ VR WKDW QR FKHPLFDOV

FRQWDFW WKH VNLQ RU FORWKHV RI WKH VWXGHQWV�

6XSSO\ HDFK JURXS ZLWK DSSUR[LPDWHO\ � P/ RI ��� 0

VRGLXP WKLRF\DQLGH �1D6&1� VROXWLRQ DQG �� P/ RI

��� 0 LURQ �,,,� QLWUDWH >)H�12
�
�
�
@ VROXWLRQ� $VN HDFK

JURXS WR ODEHO ILYH �� [ ���PP WHVW WXEHV IURP � WR ��

0DNH D VHULDO GLOXWLRQ RI WKH LURQ �,,,� QLWUDWH E\

UHPRYLQJ � P/ IURP WKH �� P/ LQ WHVW WXEH � DQG

SODFLQJ LW LQ WHVW WXEH �� $GG � P/ RI ZDWHU WR WKH �

P/ LURQ �,,,� QLWUDWH LQ WHVW WXEH � DQG PL[

WKRURXJKO\� 7KHQ UHPRYH � P/ RI WKH VROXWLRQ IURP

WHVW WXEH �� SODFH LW LQ WHVW WXEH � DQG DGG � P/

ZDWHU� 5HSHDW WKLV SURFHVV XQWLO WKHUH LV �� P/ RI

VROXWLRQ LQ WHVW WXEH ��

$GG WKUHH GURSV RI WKH VRGLXP WKLRF\DQLGH

VROXWLRQ WR HDFK WHVW WXEH RI LURQ �,,,� QLWUDWH

VROXWLRQ DQG UHFRUG WKH REVHUYDWLRQV WKH\ PDNH�

$VN VWXGHQWV WR DFFRXQW IRU WKH UHVXOWV� 'LVFXVV

WKH XVH RI FRORXU FKDQJH UHDFWLRQV DV LQGLFDWRUV

RI WKH SUHVHQFH RI LRQV LQ WKH VDPSOH�

1RWH� 6RPH WHDFKHUV PD\ ZLVK WR UHSODFH WKLV

DFWLYLW\ ZLWK WKRVH IRXQG LQ VHFWLRQV ��� WR ����

LQ &KHPLFDOV LQ $FWLRQ�

$VVLJQ IRU UHDGLQJ VHFWLRQV ���� ���� ���� ���� ���� ���

DQG ��� IURP ,QYHVWLJDWLQJ $TXDWLF (FRV\VWHPV DV

EDFNJURXQG LQIRUPDWLRQ DERXW LRQV DQG PROHFXOHV

FRPPRQO\ SUHVHQW LQ ZDWHU�

([WHQG WKLV DFWLYLW\ E\ FUHDWLQJ D FODVV OLVW RI DOO

LRQV RU PROHFXOHV FRPPRQO\ SUHVHQW LQ ZDWHU� $VN

WKH VWXGHQWV RYHU WKH QH[W WZR RU WKUHH GD\V WR ORRN

WKURXJK DUWLFOHV LQ QHZVSDSHUV DQG SHULRGLFDOV WR

ILQG WKH QDPHV RI RWKHU LRQV RU PROHFXOHV WR DGG WR

WKH OLVW� :KHQ WKH OLVW KDV EHHQ H[WHQGHG VR WKDW

WKHUH DUH DW OHDVW WZR FRQWDPLQDQWV SHU ZRUNLQJ

JURXS� DVVLJQ WZR WR HDFK JURXS� $VN WKH VWXGHQWV

WR SURGXFH UHSRUWV IRU WKH FODVV ZKLFK GHVFULEH ZKDW

WKH FRQWDPLQDQW LV� LWV FRPPRQ VRXUFH RU VRXUFHV�

DQG KRZ LW DIIHFWV ZDWHU TXDOLW\� 'LVFXVV ZLWK WKH

FODVV ZKHUH WR ILQG LQIRUPDWLRQ� KRZ WR JDLQ DFFHVV

WR WKH LQIRUPDWLRQ DW LWV VRXUFH� DQG WKH YDULRXV

ZD\V WKH\ FDQ UHSRUW ZKDW WKH\ ILQG EDFN WR WKH

FODVV�

2EMHFWLYHV $���� ,QYHVWLJDWH PL[WXUHV DQG VROXWLRQV

$����� ,QYHVWLJDWH WKH SUHVHQFH RI LRQV LQ

ZDWHU

&&7 &RQVLGHU DOO HYLGHQFH EHIRUH

GUDZLQJ FRQFOXVLRQV DQG

GHYHORSLQJ JHQHUDOL]DWLRQV

,/ 3ODQ� PDQDJH� DQG HYDOXDWH RQH·V

RZQ OHDUQLQJ H[SHULHQFHV

$����� ,QYHVWLJDWH WKH SUHVHQFH RI LRQV LQ

ZDWHU

$����� QHZ ,GHQWLI\ VRXUFHV RI LRQV LQ ZDWHU

7/ 8QGHUVWDQG WKH LPSDFW RI LRQ RU

FRQWDPLQDQW GHWHFWLRQ WHFKQRORJ\ RQ

WKH UHFRJQLWLRQ RI WKHVH VXEVWDQFHV LQ

ZDWHU VXSSOLHV

)DFWRUV %�� FDXVH�HIIHFW

%�� V\VWHP

&�� LQWHUSUHWLQJ GDWD

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

%�� V\VWHP

&� FRPPXQLFDWLQJ

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

*� LQWHUHVW

$VVHVVPHQW $�� UDWLQJ VFDOHV

%�� VHOI� DQG SHHU�DVVHVVPHQW

��� PDWFKLQJ LWHPV



��

$FWLYLWLHV 2EWDLQ ZDWHU VDPSOHV IURP D YDULHW\ RI VRXUFHV� 7KHVH PD\

LQFOXGH WKH WDSV LQ WKH VFKRRO� ZHOOV IURP WKH VXUURXQGLQJ

DUHD� VXUIDFH ZDWHU RU VQRZ�UDLQ ZDWHU� 'R DQ\ RI WKH

VDPSOHV FRQWDLQ VXVSHQGHG VROLGV" :KDW LV WKH OHYHO RI

GLVVROYHG VROLGV LQ HDFK VDPSOH" 8VH SUHFLSLWDWLRQ DQG

FRORXU FKDQJH UHDFWLRQV WR GHWHUPLQH WKH FRQFHQWUDWLRQ RI

YDULRXV LRQV LQ WKH ZDWHU IURP HDFK VRXUFH� +DFK� +\GULRQ�

/DE�$LGV� DQG /D0RWWH PDNH NLWV ZKLFK FRQWDLQ DOO

FKHPLFDOV DQG DSSDUDWXV QHHGHG IRU ZDWHU WHVWLQJ� 6RPH RI

WKH WHVWV FDQ EH GRQH XVLQJ VROXWLRQV SUHSDUHG E\ WKH

VWXGHQWV� HVSHFLDOO\ LI TXDOLWDWLYH UDWKHU WKDQ TXDQWLWDWLYH

DQDO\VLV LV H[SHFWHG�

�:DWHU &DQDULHV� IURP WKH 3URMHFW :,/' ������ $FWLYLW\

*XLGH PD\ EH LQWHJUDWHG ZLWK WKLV DFWLYLW\ LI DQ H[WHQVLRQ

WR WKH UHODWLRQVKLS EHWZHHQ ZDWHU TXDOLW\ DQG IRUPV RI

DTXDWLF OLIH LV GHVLUHG�

5HDG VHFWLRQ ���� IURP +HDWK 6FLHQFH

&RQQHFWLRQV ��� 'R DFWLYLWLHV ���� DQG ����

ZKLFK GHDO ZLWK KDUG ZDWHU DQG ZDWHU VRIWHQLQJ

SURFHVVHV� &DQ DQ\ VWXGHQWV GHYLVH DQ DSSDUDWXV

WR FUHDWH VWDODJPLWHV RU VWDODFWLWHV"

2EMHFWLYHV $����� ,QYHVWLJDWH WKH SUHVHQFH RI LRQV LQ ZDWHU

$����� 7HVW WKH S+ RI GLIIHUHQW ZDWHU VDPSOHV

$����� QHZ &RPSDUH OHYHOV RI LRQV LQ D PXQLFLSDO

ZDWHU VRXUFH ZLWK OHYHOV LQ VXUIDFH ZDWHUV DQG

ZHOOV IURP WKH DUHD

&&7 &RQVLGHU DOO HYLGHQFH EHIRUH GUDZLQJ

FRQFOXVLRQV DQG GHYHORSLQJ JHQHUDOL]DWLRQV

7/ 8QGHUVWDQG WKH LPSDFW RI LRQ RU

FRQWDPLQDQW GHWHFWLRQ WHFKQRORJ\ RQ

WKH UHFRJQLWLRQ RI WKHVH

VXEVWDQFHV LQ ZDWHU VXSSOLHV

$���� 'LVWLQJXLVK EHWZHHQ KDUG DQG VRIW

ZDWHU

$���� ,QYHVWLJDWH WKH ZD\ LQ ZKLFK D

ZDWHU VRIWHQHU ZRUNV

$����� ,QYHVWLJDWH WKH SUHVHQFH RI LRQV LQ

ZDWHU

$����� QHZ ,GHQWLI\ VRXUFHV RI LRQV LQ

ZDWHU

,/ 3ODQ� PDQDJH� DQG HYDOXDWH RQH·V

RZQ OHDUQLQJ H[SHULHQFHV

)DFWRUV $� SXEOLF�SULYDWH

$� WHQWDWLYH

%�� V\VWHP

&� FRPPXQLFDWLQJ

'� VFLHQFH� WHFKQRORJ\� DQG WKH

HQYLURQPHQW

'� YDULDEOH SRVLWLRQV

)� TXHVWLRQLQJ

$� KROLVWLF

$� KXPDQ�FXOWXUH UHODWHG

%�� FRQVHUYDWLRQ

&� FRPPXQLFDWLQJ

&� TXHVWLRQLQJ

'� VFLHQFH� WHFKQRORJ\� DQG WKH

HQYLURQPHQW

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

*� LQWHUHVW

$VVHVVPHQW %�� ODERUDWRU\ UHSRUWV

��� SHUIRUPDQFH WDVNV

$�� REVHUYDWLRQ FKHFNOLVWV

��� PXOWLSOH FKRLFH



��

3UHVHUYLQJ�:DWHU�4XDOLW\

/HDUQLQJ 2EMHFWLYHV

$����� 5HFRJQL]H WKH UROH RI ZHWODQGV LQ WKH ZDWHU F\FOH

$����� ([DPLQH WKH SURFHVVHV XVHG LQ PXQLFLSDO ZDWHU SXULILFDWLRQ RU LQ ZDVWHZDWHU WUHDWPHQW

$����� QHZ ,GHQWLI\ VRXUFHV RI ZDWHU FRQWDPLQDQWV

$����� QHZ 'HVFULEH KRZ FRQWDPLQDQWV DIIHFW QRQ�DTXDWLF SODQW DQG DQLPDO OLIH

$����� QHZ 8VH DTXDWLF OLIH DV LQGLFDWRUV RI SROOXWLRQ

&20 8VH D ZLGH YDULHW\ RI UHVRXUFHV WR UHVHDUFK WKH LPSDFW RI KXPDQ DFWLYLW\ RQ WKH TXDOLW\ RI VXUIDFH ZDWHU

,/ )RUP VPDOO UHVHDUFK�ZRUNLQJ JURXSV EDVHG RQ FRPPRQ LQWHUHVW DQG SUHVHQW LQIRUPDWLRQ GLVFRYHUHG WKURXJK LQYHVWLJDWLRQ

7/ 8VH SUREDELOLVWLF UHDVRQLQJ UHJDUGLQJ WKH ULVN UHODWHG WR ZDWHU WUHDWPHQW V\VWHPV



��

$FWLYLWLHV 'LVWULEXWH FRSLHV RI WKH DUWLFOH IURP WKH 65& 1HZV

IRXQG RQ SDJH ��� $VN WKH VWXGHQWV WR ZULWH D RQH

SDUDJUDSK VXPPDU\ RI WKH W\SH RI UHVHDUFK ZKLFK LV

EHLQJ GRQH DW WKH QHZ IDFLOLW\�

7KLV UHVHDUFK LV RI LPSRUWDQFH WR LQGXVWU\ DQG ODUJH

PXQLFLSDOLWLHV LQ 6DVNDWFKHZDQ� :K\"

:KHQ \RX ILQG D QHZVSDSHU DUWLFOH ZKLFK \RX WKLQN

ZRXOG EH XVHIXO LQ \RXU FODVV� SKRQH WKH SDSHU WR JHW

SHUPLVVLRQ WR UHSURGXFH LW IRU \RXU VWXGHQWV� ,I WKH\

ZLOO JUDQW IUHH SHUPLVVLRQ� QHZVSDSHU DUWLFOHV DUH D

YDOXDEOH UHVRXUFH LQ VFLHQFH WHDFKLQJ�

7RXU D PXQLFLSDO ZDWHU WUHDWPHQW SODQW� RU KDYH D

WHFKQLFLDQ RU WKH PDQDJHU FRPH LQWR WKH FODVVURRP

WR GHVFULEH WKH SURFHVV� $VN WKH WRXU OHDGHU RU

FODVVURRP JXHVW WR H[SODLQ KRZ WKH ZDWHU LV

FKDQJHG DW HDFK SKDVH RI WKH WUHDWPHQW SURFHVV�

$VN LI D FKHPLFDO DQDO\VLV RI WKH WUHDWHG ZDWHU LV

DYDLODEOH� )URP WKH DQDO\VLV� GHWHUPLQH LI WKH ZDWHU

LV KDUG RU VRIW� ,V WKH KDUGQHVV WHPSRUDU\ RU

SHUPDQHQW" 'RHV WKH PXQLFLSDOLW\ VRIWHQ WKH ZDWHU"

:KDW SHUFHQWDJH RI KRPHV LQ WKH FRPPXQLW\ KDYH

ZDWHU VRIWHQHUV" $UH WKH VXVSHQGHG VROLGV RU

SUHFLSLWDWHG VROLGV UHPRYHG" ,I VR� ZKDW NLQG RI

GLVSRVDO V\VWHP LV XVHG"

:KDW LV WKH WRWDO YROXPH RI ZDWHU XVHG E\ WKH

PXQLFLSDOLW\ LQ D GD\" :KDW DUH WKH SHDN WLPHV RI

GD\ IRU ZDWHU XVH" $UH WKHUH ZHHNO\� PRQWKO\ RU

VHDVRQDO SHDNV" ,V WKH UDWH RI ZDWHU XVH FKDQJLQJ"

'RHV WKH YROXPH RI ZDWHU XVH FKDQJH DW WKH VDPH

UDWH DV WKH SRSXODWLRQ FKDQJHV"

%UDLQVWRUP ZLWK WKH VWXGHQWV WR JHQHUDWH PRUH

TXHVWLRQV�

$VN HDFK ZRUNLQJ JURXS RI WKUHH RU IRXU VWXGHQWV

WR VXPPDUL]H WKH WUHDWPHQW RI WKH ZDWHU� IURP

WKH WLPH LW LV UHPRYHG IURP LWV VRXUFH XQWLO LW LV LQ

WKH PXQLFLSDO GLVWULEXWLRQ OLQHV� �7KLV FRXOG EH

FRPELQHG ZLWK DFWLYLW\ �� WKH VWXG\ RI WKH ZDVWH

WUHDWPHQW SODQW�� (DFK JURXS VKRXOG WKHQ VHOHFW

VRPH PHGLXP WR UHSRUW WKHLU VXPPDU\� D SRVWHU�

D QHZVSDSHU DUWLFOH� D YLGHR UHSRUW� D UDS VRQJ�

DQ HVVD\� GHYHORSLQJ DQ DQDORJ\� HWF�

2EMHFWLYHV $����� QHZ ,GHQWLI\ VRXUFHV RI ZDWHU

FRQWDPLQDWLRQ

$����� QHZ 8VH DTXDWLF OLIH DV LQGLFDWRUV RI

SROOXWLRQ

7/ 8VH SUREDELOLVWLF UHDVRQLQJ UHJDUGLQJ

WKH ULVN UHODWHG WR ZDWHU WUHDWPHQW

V\VWHPV

$����� 5HFRJQL]H WKH UROH RI ZHWODQGV LQ WKH

ZDWHU F\FOH

$����� QHZ ,GHQWLI\ VRXUFHV RI ZDWHU

FRQWDPLQDQWV

&20 8VH D ZLGH YDULHW\ RI UHVRXUFHV WR

UHVHDUFK WKH LPSDFW RI KXPDQ DFWLYLW\ RQ

WKH TXDOLW\ RI VXUIDFH ZDWHU

,/ )RUP VPDOO UHVHDUFK�ZRUNLQJ JURXSV

EDVHG RQ FRPPRQ LQWHUHVW DQG SUHVHQW

LQIRUPDWLRQ GLVFRYHUHG WKURXJK

LQYHVWLJDWLRQ

7/ 8VH SUREDELOLVWLF UHDVRQLQJ UHJDUGLQJ

WKH ULVN UHODWHG WR ZDWHU WUHDWPHQW V\VWHPV

)DFWRUV $� KROLVWLF

$� KXPDQ�FXOWXUH UHODWHG

%�� FRQVHUYDWLRQ

&� FRPPXQLFDWLQJ

'� VFLHQFH� WHFKQRORJ\� DQG WKH HQYLURQPHQW

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

*� PHGLD SUHIHUHQFH

$� KROLVWLF

$� KXPDQ�FXOWXUH UHODWHG

%�� FDXVH�HIIHFW

&� FRPPXQLFDWLQJ

&� ZRUNLQJ FRRSHUDWLYHO\

&�� LQWHUSUHWLQJ GDWD

'� LPSDFW RI VFLHQFH DQG WHFKQRORJ\

'� VFLHQFH� WHFKQRORJ\ DQG WKH

HQYLURQPHQW

(� XVLQJ DXGLR YLVXDO DLGV

)� FRQVLGHUDWLRQ RI FRQVHTXHQFH

$VVHVVPHQW %�� SRUWIROLRV %�� PDMRU SURMHFWV DQG ZULWWHQ UHSRUWV



��

$FWLYLWLHV 5HSHDW WKH SUHYLRXV DFWLYLW\� EXW ZLWK D IRFXV RQ WKH

PXQLFLSDO ZDVWHZDWHU WUHDWPHQW SODQW� $UH DQ\ VSHFLDO

WUHDWPHQWV UHTXLUHG" ([DPSOHV RI VXFK FRXOG EH

WHUWLDU\ WUHDWPHQW WR SUHYHQW HXWURSKLFDWLRQ� UHPRYDO

RI KHDY\ PHWDO LRQV IURP LQGXVWULDO ZDVWHV� GHDOLQJ

ZLWK KLJK OHYHOV RI VDOW IURP KRPH ZDWHU VRIWHQHU XVH

DQG VR RQ� +RZ GRHV WKH FKHPLFDO DQDO\VLV RI WKH

HIIOXHQW ZDWHU FRPSDUH ZLWK WKH DQDO\VLV RI WKH ZDWHU

WDNHQ LQWR WKH ZDWHU WUHDWPHQW SODQW" +RZ LV WKH

VOXGJH GLVSRVHG RI" $UH WKHUH RWKHU ZDVWH SURGXFWV"

:KDW SHUFHQWDJH RI WKH ZDWHU SURFHVVHG E\ WKH ZDWHU

WUHDWPHQW SODQW LV DOVR SURFHVVHG E\ WKH ZDVWHZDWHU

WUHDWPHQW SODQW" %UDLQVWRUP ZLWK WKH VWXGHQWV WR

SURGXFH PRUH TXHVWLRQV WR DVN�

3HUKDSV KDOI WKH JURXSV LQ WKH FODVV FRXOG ZRUN RQ

UHSRUWV RI WKH ZDVWHZDWHU WUHDWPHQW SODQW DQG KDOI RQ

UHSRUWV RI WKH ZDWHU WUHDWPHQW SODQW�

�:HWODQGV 0HWDSKRU� LQ WKH 3URMHFW :,/'

������ $FWLYLW\ *XLGH KLJKOLJKWV WKH IXQFWLRQ RI

ZHWODQGV LQ ERWK ZDWHU TXDOLW\ DQG KDELWDW

TXDOLW\ SUHVHUYDWLRQ�

2EMHFWLYHV $����� 5HFRJQL]H WKH UROH RI ZHWODQGV LQ WKH

ZDWHU F\FOH

$����� QHZ ,GHQWLI\ VRXUFHV RI ZDWHU

FRQWDPLQDQWV

&20 8VH D ZLGH YDULHW\ RI UHVRXUFHV WR

UHVHDUFK WKH LPSDFW RI KXPDQ DFWLYLW\ RQ

WKH TXDOLW\ RI VXUIDFH ZDWHU

,/ )RUP VPDOO UHVHDUFK�ZRUNLQJ JURXSV

EDVHG RQ FRPPRQ LQWHUHVW DQG SUHVHQW

LQIRUPDWLRQ GLVFRYHUHG WKURXJK

LQYHVWLJDWLRQ

7/ 8VH SUREDELOLVWLF UHDVRQLQJ UHJDUGLQJ WKH

ULVN UHODWHG WR ZDWHU WUHDWPHQW V\VWHPV

$����� 5HFRJQL]H WKH UROH RI ZHWODQGV LQ

WKH ZDWHU F\FOH

$����� QHZ GHVFULEH KRZ FRQWDPLQDQWV

DIIHFW QRQ�DTXDWLF SODQW DQG

DQLPDO OLIH

$����� QHZ 8VH D ZLGH YDULHW\ RI

UHVRXUFHV WR UHVHDUFK WKH LPSDFW

RI KXPDQ DFWLYLW\ RQ WKH TXDOLW\ RI

VXUIDFH ZDWHU

)DFWRUV $� KROLVWLF

$� KXPDQ�FXOWXUDO UHODWHG

%�� FDXVH�HIIHFW

%�� V\VWHP

&� FRPPXQLFDWLQJ

&� ZRUNLQJ FRRSHUDWLYHO\

'� VFLHQFH� WHFKQRORJ\� DQG WKH

HQYLURQPHQW

'� YDULDEOH SRVLWLRQV

(� XVLQJ DXGLR YLVXDO DLGV

)� TXHVWLRQLQJ

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

)� FRQVLGHUDWLRQ RI FRQVHTXHQFH

$� KROLVWLF

%�� FRQVHUYDWLRQ

&� FRPPXQLFDWLQJ

'� VFLHQFH� WHFKQRORJ\� DQG WKH

HQYLURQPHQW

(� XVLQJ DXGLR YLVXDO DLGV

)� TXHVWLRQLQJ

)� FRQVLGHUDWLRQ RI FRQVHTXHQFHV

$VVHVVPHQW %�� PDMRU SURMHFWV DQG ZULWWHQ UHSRUWV ��� HVVD\V



��

$FWLYLWLHV 5HDG VHFWLRQ ���� LQ +HDWK 6FLHQFH &RQQHFWLRQV ���

9LHZ VWRULHV �� DQG �� IURP 3URJUDP � RI $ )LQH

6FLHQFH� GHDOLQJ ZLWK ZDWHU DQG ZDVWHZDWHU

WUHDWPHQW� 7KH %XIIDOR 3RXQG )LOWUDWLRQ 3ODQW ZKLFK

WUHDWV ZDWHU IRU ERWK 0RRVH -DZ DQG 5HJLQD� WKH LURQ

UHPRYDO SODQW DW 4X
$SSHOOH� WKH :DVWHZDWHU

7UHDWPHQW 3ODQW LQ 5HJLQD� WKH ODJRRQ V\VWHP RI

VHFRQGDU\ WUHDWPHQW DW :ROVHOH\� DQG HIIOXHQW

LUULJDWLRQ DW ERWK :ROVHOH\ DQG 0RRVH -DZ DUH

H[SODLQHG�

&RPSDUH WKH LQIRUPDWLRQ IURP WKHVH VRXUFHV ZLWK

WKH ZDWHU DQG ZDVWHZDWHU WUHDWPHQW SURFHVVHV

REVHUYHG� 3HUKDSV WKLV ZLOO UDLVH IXUWKHU TXHVWLRQV

ZKLFK RIILFLDOV DW WKH ORFDO SODQWV PD\ EH DEOH WR

DQVZHU� $ JRRG ZD\ WR SUHVHQW WKHVH TXHVWLRQV PLJKW

EH WR UHFRUG WKHP RQ SDSHU DQG VXEPLW WKHP WR WKH

SODQW RSHUDWRUV� +RZ WKH\ ZLOO DQVZHU FDQ WKHQ EH

DUUDQJHG�

$OWHUQDWLYHO\� WKH TXHVWLRQV FRXOG IRUP WKH EDVLV IRU D

UHVHDUFK SURMHFW RQ ZKLFK WKH JURXSV ZLOO FRRSHUDWH�

7KH XVH RI D UHVHDUFK RXWOLQH� VXFK DV WKH RQH DW WKH

HQG RI WKLV PRGHO XQLW� RQ SDJH ��� PD\ EH XVHIXO�

2EMHFWLYHV $����� 5HFRJQL]H WKH UROH RI ZHWODQGV LQ WKH

ZDWHU F\FOH

$����� QHZ 'HVFULEH KRZ FRQWDPLQDQWV DIIHFW

QRQ�DTXDWLF SODQW DQG DQLPDO OLIH

$� WHQWDWLYH

&20 8VH D ZLGH YDULHW\ RI UHVRXUFHV WR U

UHVHDUFK WKH LPSDFW RI KXPDQ DFWLYLW\

RQ WKH TXDOLW\ RI VXUIDFH ZDWHU

)DFWRUV %�� FDXVH�HIIHFW

%�� FRQVHUYDWLRQ

&� ZRUNLQJ FRRSHUDWLYHO\

&� TXHVWLRQLQJ

&�� LQWHUSUHWLQJ GDWD

'� LPSDFW RI VFLHQFH DQG WHFKQRORJ\

'� VFLHQFH� WHFKQRORJ\� DQG WKH HQYLURQPHQW

'� YDULDEOH SRVLWLRQV

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

$VVHVVPHQW ��� HVVD\V



��

$FWLYLWLHV ,I WRXUV RI WKH ORFDO ZDWHU DQG ZDVWHZDWHU WUHDWPHQW

SODQWV FDQQRW EH DUUDQJHG� DFWLYLW\ � ZLWK

PRGLILFDWLRQV DV RXWOLQHG EHORZ FRXOG EH VXEVWLWXWHG�

$OO TXHVWLRQV JHQHUDWHG DERXW ZDWHU DQG ZDVWHZDWHU

WUHDWPHQW FRXOG IRUP WKH EDVLV RI D FRRSHUDWLYH JURXS

UHVHDUFK SURMHFW� ,Q VXFK D SURMHFW HDFK ZRUNLQJ

JURXS ZRXOG EH DVVLJQHG D SRUWLRQ RI WKH TXHVWLRQV�

7KH FODVV ZRXOG GHFLGH DERXW UHSRUWLQJ KRZ DQG

ZKDW HDFK JURXS GLVFRYHUV DERXW WKH TXHVWLRQV� 7KH

JURXSV ZRXOG WKHQ ZULWH OHWWHUV WR� RU LQWHUYLHZ�

H[SHUWV DQG XVH OLEUDU\ UHVHDUFK WR DQVZHU WKH

TXHVWLRQV� $ UHSRUW WR WKH FODVV� LQ WKH IRUPDW

GHFLGHG� ZRXOG JLYH DOO FODVV PHPEHUV DFFHVV WR DOO

WKH LQIRUPDWLRQ�

2EMHFWLYHV $����� 5HFRJQL]H WKH UROH RI ZHWODQGV LQ WKH

ZDWHU F\FOH

$����� QHZ ,GHQWLI\ VRXUFHV RI ZDWHU

FRQWDPLQDQWV

&20 8VH D ZLGH YDULHW\ RI UHVRXUFHV WR

UHVHDUFK WKH LPSDFW RI KXPDQ DFWLYLW\

RQ WKH TXDOLW\ RI VXUIDFH ZDWHU

,/ )RUP VPDOO UHVHDUFK�ZRUNLQJ JURXSV EDVHG RQ

FRPPRQ LQWHUHVW DQG SUHVHQW LQIRUPDWLRQ

GLVFRYHUHG WKURXJK LQYHVWLJDWLRQ

7/ 8VH SUREDELOLVWLF UHDVRQLQJ UHJDUGLQJ WKH

ULVN UHODWHG WR ZDWHU WUHDWPHQW V\VWHPV

)DFWRUV $� WHQWDWLYH

%�� FDXVH�HIIHFW

%�� FRQVHUYDWLRQ

&� FRPPXQLFDWLQJ

&� ZRUNLQJ FRRSHUDWLYHO\

&� TXHVWLRQLQJ

&�� LQWHUSUHWLQJ GDWD

'� LPSDFW RI VFLHQFH DQG WHFKQRORJ\

'� VFLHQFH� WHFKQRORJ\� DQG WKH HQYLURQPHQW

'� YDULDEOH SRVLWLRQV

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

*� LQWHUHVW

$VVHVVPHQW %�� SRUWIROLRV

%�� VHOI� DQG SHHU�DVVHVVPHQWV



��

&RQVHUYLQJ�:DWHU�DQG�$TXDWLF�+DELWDW

/HDUQLQJ 2EMHFWLYHV

$���� 9DOXH ZDWHU DV DQ LPSRUWDQW UHQHZDEOH UHVRXUFH

$����� DOWHUHG ([SODLQ VRPH RI WKH ZD\V LQ ZKLFK

ZDWHU FRQWDPLQDQWV WKUHDWHQ DTXDWLF OLIH

$����� 6XJJHVW ZD\V LQ ZKLFK ZDWHU FRQVXPSWLRQ FDQ EH

UHGXFHG

$����� $VVHVV YDULRXV ZDWHU FRQVHUYDWLRQ VWUDWHJLHV

&&7 5HODWH� FRPSDUH DQG HYDOXDWH ZKDW LV EHLQJ UHDG�

KHDUG� RU YLHZHG

,/ /HDUQ WKURXJK V\QWKHVL]LQJ XQGHUVWDQGLQJV�

H[SHULHQFHV� DQG QHHGV



��

$FWLYLWLHV :KLOH SDUWV ,, DQG ,,, KDYH EHHQ JRLQJ RQ� UHPLQG

VWXGHQWV WR FRPSOHWH WKHLU RZQ ZDWHU XVH VXUYH\V

ZKLFK WKH\ GHVLJQHG LQ SDUW ,� 7ZR RU WKUHH

FODVVHV EHIRUH WKLV DFWLYLW\ LV GRQH� DVN WKHP WR

UHUHDG WKHLU KRPH ZDWHU PHWHU DW DERXW WKH VDPH

WLPH RI GD\ DV WKHLU LQLWLDO UHDGLQJ� DQG UHFRUG

WKDW UHDGLQJ DORQJ ZLWK WKH GDWH RQ RQH RI WKHLU

ZDWHU VXUYH\ VKHHWV�

:RUNLQJ LQ WKHLU JURXSV IRUPHG GXULQJ 3DUW ��

KDYH WKH VWXGHQWV FUHDWH D VXPPDU\ FKDUW OLVWLQJ

WKH VHYHQ�GD\�DYHUDJH GDWD IRU HDFK PHPEHU RI

WKHLU JURXS� /HW WKH VWXGHQWV GHFLGH KRZ GHWDLOHG

WKH VXPPDU\ FKDUW VKRXOG EH�

)URP WKH ZDWHU PHWHU GDWD� LI DYDLODEOH� FDOFXODWH

WKH DYHUDJH GDLO\ XVH SHU KRXVHKROG� +RZ GRHV

HDFK VWXGHQW
V LQGLYLGXDO XVH FRPSDUH ZLWK WKH

WRWDO KRXVHKROG XVH" 0DNH VXUH WKDW OLWUHV DUH

EHLQJ FRPSDUHG WR OLWUHV� :KDW KRXVHKROG XVHV DUH

WKHUH ZKLFK GR QRW DSSHDU RQ WKH VXUYH\ VKHHW"

5HDG WKH VFKRRO
V ZDWHU PHWHU DQG FDOFXODWH WKH

YROXPH RI GDLO\ ZDWHU XVH� &DOFXODWH HDFK SHUVRQ
V

VKDUH RI WKDW YROXPH� /LVW DOO WKH ZD\V WKDW ZDWHU

LV XVHG LQ WKH VFKRRO�

&DOFXODWH WKH DYHUDJH XVH SHU GD\ E\ UHVLGHQWV LQ

WKH PXQLFLSDOLW\ IURP WKH YROXPH RI ZDWHU WUHDWHG

DQG WKH SRSXODWLRQ RI WKH DUHD VHUYHG E\ WKH SODQW�

:KDW RWKHU XVHV DUH WKHUH IRU ZDWHU LQ D

FRPPXQLW\ WKDQ KRPH RU VFKRRO XVH"

6XJJHVW ZD\V WKDW HDFK LQGLYLGXDO FDQ OHVVHQ ZDWHU

XVH� &UHDWH D SODQ WR SXW VRPH RI WKH VXJJHVWLRQV

LQWR SUDFWLFH�

8VH WKH DFWLYLW\ �/LYLQJ 5HVHDUFK� $TXDWLF +HURHV

DQG +HURLQHV� IURP WKH 3URMHFW :,/' ������ $FWLYLW\

*XLGH LI LW LV SRVVLEOH LQ \RXU FRPPXQLW\�

2EMHFWLYHV $���� 9DOXH ZDWHU DV DQ LPSRUWDQW UHQHZDEOH

UHVRXUFH

$����� 6XJJHVW ZD\V LQ ZKLFK ZDWHU

FRQVXPSWLRQ FDQ EH UHGXFHG

&&7 5HODWH� FRPSDUH DQG HYDOXDWH ZKDW LV

EHLQJ UHDG� KHDUG� RU YLHZHG

,/ /HDUQ WKURXJK V\QWKHVL]LQJ

XQGHUVWDQGLQJV� H[SHULHQFHV� DQG QHHGV

$��� 9DOXH ZDWHU DV DQ LPSRUWDQW

UHQHZDEOH UHVRXUFH

$����� $VVHVV YDULRXV ZDWHU FRQVHUYDWLRQ

VWUDWHJLHV

&&7 5HODWH� FRPSDUH DQG HYDOXDWH

ZKDW LV EHLQJ UHDG� KHDUG� RU YLHZHG

)DFWRUV $� WHQWDWLYH

%�� FRQVHUYDWLRQ

&� FRPPXQLFDWLQJ

'� YDULDEOH SRVLWLRQV

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

*� LQWHUHVW

$� KXPDQ�FXOWXUH UHODWHG

%�� FRQVHUYDWLRQ

&� FRPPXQLFDWLQJ

'� YDULDEOH SRVLWLRQV

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

*� LQWHUHVW

$VVHVVPHQW %�� PDMRU SURMHFWV DQG ZULWWHQ UHSRUWV

��� VKRUW DQVZHU LWHPV

%�� PDMRU SURMHFWV DQG ZULWWHQ UHSRUWV

%�� VHOI�DQG SHHU�DVVHVVPHQW
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$FWLYLWLHV $GDSW �'HDGO\ :DWHUV� IURP WKH 3URMHFW :,/' ������

$FWLYLW\ *XLGH� ,QVWHDG RI WKH EDU JUDSKLQJ DFWLYLW\�

VXSSO\ HDFK JURXS ZLWK WKH EDFNJURXQG LQIRUPDWLRQ DQG

WKH SROOXWLRQ LQIRUPDWLRQ VKHHW SURYLGHG ZLWK WKDW

DFWLYLW\� $VN WKHP WR GLVFXVV DQG LGHQWLI\ KRZ WKHLU

SHUVRQDO DFWLYLWLHV DQG DFWLYLWLHV RI WKRVH LQ WKH

FRPPXQLW\ FRQWULEXWH WR FRQWDPLQDWLQJ RU SXWWLQJ VWUHVV

RQ WKH VXUIDFH DQG JURXQG ZDWHU RI WKH ORFDO DUHD� +DYH

WKHP VXPPDUL]H ZKDW WKH\ KDYH LGHQWLILHG� DQG PDNH

UHFRPPHQGDWLRQV DERXW KRZ HDFK RI WKHP LQGLYLGXDOO\

DQG WKH FRPPXQLW\ DV D ZKROH FDQ DFW WR OHVVHQ WKH

SUHVVXUH RQ WKH DTXDWLF HQYLURQPHQW�

8VH WKH GUDPD VHJPHQW IURP 3HUVSHFWLYHV RQ 6FLHQFH�

:DWHU WR LQLWLDWH GLVFXVVLRQ RQ WKH YDOXH RI ZDWHU DQG

WKH QHHG IRU FRQVHUYDWLRQ�

2EMHFWLYHV $���� 9DOXH ZDWHU DV DQ LQSRUWDQW UHQHZDEOH

UHVRXUFH

$����� DOWHUHG ([SODLQ VRPH RI WKH ZD\V LQ

ZKLFK ZDWHU FRQWDPLQDQWV WKUHDWHQ

DTXDWLF OLIH

$����� 6XJJHVW ZD\V LQ ZKLFK ZDWHU FRQVXPSWLRQ

FDQ EH UHGXFHG

,/ OHDUQ WKURXJK V\QWKHVL]LQJ

XQGHUVWDQGLQJV� H[SHULHQFHV� DQG QHHGV

$����� DOWHUHG ([SODLQ VRPH RI WKH ZD\V LQ

ZKLFK ZDWHU FRQWDPLQDQWV WKUHDWHQ

DTXDWLF OLIH

&&7 5HODWH FRPSDUH DQG HYDOXDWH ZKDW LV

EHLQJ UHDG� KHDUG� RU YLHZHG

,/ OHDUQ WKURXJK V\QWKHVL]LQJ

XQGHUVWDQGLQJV� H[SHULHQFHV� DQG QHHGV

)DFWRUV $� KROLVWLF

$� KXPDQ�FXOWXUH UHODWHG

%�� FDXVH�HIIHFW

%�� FRQVHUYDWLRQ

&� FRPPXQLFDWLQJ

&�� LQWHUSUHWLQJ GDWD

'� VFLHQFH� WHFKQRORJ\� DQG WKH HQYLURQPHQW

)� TXHVWLRQLQJ

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

)� FRQVLGHUDWLRQ RI FRQVHTXHQFH

*� LQWHUHVW

$� KROLVWLF

%�� FRQVHUYDWLRQ

&� TXHVWLRQLQJ

&�� LQWHUSUHWLQJ GDWD

(� XVLQJ DXGLR YLVXDO DLGV

)� TXHVWLRQLQJ

)� FRQVLGHUDWLRQ RI FRQVHTXHQFH

$VVHVVPHQW %�� SRUWIROLRV %�� VHOI� DQG SHHU�DVVHVVPHQW

��� VKRUW DQVZHU LWHPV
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1HZ�$TXDWLF�/DE�2SHQV�DW�65&

65& ZLOO EHJLQ WKH QHZ \HDU LQ

VW\OH E\ RSHQLQJ D QHZ IDFLOLW\�

7KH IRUPHU 65& ILVK KDWFKHU\�

MXVW RII 3UHVWRQ $YHQXH QHDU

&LUFOH 'ULYH LQ 6DVNDWRRQ� KDV

EHHQ WUDQVIRUPHG LQWR D KLJKO\

VSHFLDOL]HG $TXDWLF %LRORJ\

/DERUDWRU\�

7KH ODERUDWRU\ ZLOO HQKDQFH

UHVHDUFK DLPHG DW GHYHORSLQJ

FHUWDLQ W\SHV RI WR[LFLW\ WHVWV�

7KH WHVWV XVH HDUO\ OLIH�VWDJHV

RI ILVK� SDUWLFXODUO\ ODUYDH DQG

HJJV� �2XU JRDO LV WR FRPH XS

ZLWK 
UHFLSHV
 IRU UHOLDEOH

WR[LFLW\ WHVWV WKDW� IRU WKH ILUVW

WLPH� XVH VSHFLHV QDWLYH WR

6DVNDWFKHZDQ� VXFK DV ZDOOH\H

DQG ODNH WURXW�� VD\V *X\

0HOYLOOH� /HDG 6FLHQWLVW RI

65&
V $TXDWLF %LRORJ\ 6HFWLRQ�

65& LV LQYHVWLQJ LQ WKH IDFLOLW\

DQG UHVHDUFK LQLWLDWLYH LQ

UHVSRQVH WR LQGXVWU\
V

LQFUHDVHG HIIRUWV WR HQVXUH

VXVWDLQDEOH GHYHORSPHQW� �2XU

REMHFWLYH LV WR HQDEOH LQGXVWU\

WR GR WKHLU SDUW LQ PDLQWDLQLQJ

D FOHDQ DQG KHDOWK\

HQYLURQPHQW�� VD\V 0LFKHO

0HOOLQJHU� 'LUHFWRU RI 65&
V

(QYLURQPHQW 7HFKQRORJ\

'LYLVLRQ�

�%LRORJLFDO WHVWV DUH XVHG WR

DVVHVV WKH WR[LFLW\ RI VXUIDFH

ZDWHU� VXFK DV ODNHV� ULYHUV

DQG SRQGV� DV ZHOO DV WKDW RI

OLTXLG ZDVWHV� RU HIIOXHQW� WKDW

DUH GLVFKDUJHG LQWR VXUIDFH

ZDWHU ERGLHV�� H[SODLQV

0HOYLOOH�

�:H VHOHFWHG ZDOOH\H� EHFDXVH

LW LV WKH PRVW LPSRUWDQW JDPH

DQG FRPPHUFLDO ILVK VSHFLHV LQ

6DVNDWFKHZDQ� ,W LV D YHU\

GHVLUDEOH VSHFLHV� VLQFH LW

PDNHV IRU H[FHOOHQW HDWLQJ��

0HOYLOOH H[SODLQV�

�:H ZLOO DOVR XVH ODNH WURXW� DQ

LPSRUWDQW JDPH ILVK� EHFDXVH

RI LWV PRUH VSHFLILF FROG�ZDWHU

KDELWDW UHTXLUHPHQWV� /DNH

WURXW DUH DQ LPSRUWDQW

LQGLFDWRU RI WKH KHDOWK RI IDU�

QRUWKHUQ ZDWHU V\VWHPV� :LWK

WKLV QHZ IDFLOLW\ ZH ZLOO EH DEOH

WR VLPXODWH WKH WHPSHUDWXUHV

RI VXFK V\VWHPV� ,Q WKLV

UHVSHFW� RXU ZRUN ZLOO EH

DSSOLFDEOH WR PRVW RI WKH ERUHDO

UHJLRQ RI &DQDGD�� H[SODLQV

0HOYLOOH�

&XUUHQWO\� VWDQGDUG ELRORJLFDO

WHVWV FDQ� ZLWKLQ OLPLWDWLRQV�

UHYHDO ZKHWKHU ZDWHU LV WR[LF

DQG WR ZKDW H[WHQW� 7KH DLP RI

WKLV UHVHDUFK LV WR GHYHORS WHVW

SURFHGXUHV WKDW ZLOO DOVR

GHWHUPLQH KRZ WR[LFLW\ OHYHOV

DIIHFW VHOHFWHG ILVK VSHFLHV LQ

WKH VXUURXQGLQJ DUHD�

,Q DGGLWLRQ WR WKH SXEOLF DQG

WKH HQYLURQPHQW� SULPDU\

EHQHIDFWRUV RI WKLV UHVHDUFK

ZLOO EH WKH SXOS DQG SDSHU

LQGXVWU\� PHWDOOLF PLQHUDO

�XUDQLXP� JROG� PLQH DQG PLOO

RSHUDWRUV� DV ZHOO DV ODUJHU

PXQLFLSDOLWLHV� /DUJHU

PXQLFLSDOLWLHV� ZLWK LQGXVWULHV

WKDW XVH WKH VHZHU V\VWHP IRU

GLVFKDUJLQJ WKHLU HIIOXHQW� ZLOO

EH SDUWLFXODUO\ LQWHUHVWHG�

�2XU UHVHDUFK LV QRW HQWLUHO\

ODE RULHQWHG�� VD\V 0HOYLOOH�

�7ULDOV ZLOO EH GRQH RQ�VLWH� DV

ZHOO� 7KH ODE DQG ILHOG

DSSURDFKHV JR KDQG�LQ�KDQG�

,Q WKH ILHOG� \RX PHHW ZLWK

FRQGLWLRQV WKDW DUH UHDO EXW

EH\RQG \RXU FRQWURO�

&RQGLWLRQV LQ WKH ODERUDWRU\

FDQ EH FRQWUROOHG� 7KLV

FRPELQHG DSSURDFK ZLOO HQDEOH

XV WR FRUUHODWH UHVXOWV EHWZHHQ

WKH WZR VLWXDWLRQV� ZKLFK

FRQWULEXWHV JUHDWO\ WR WKH

UHOLDELOLW\ RI WKH UHVXOWV��

,Q DGGLWLRQ WR VHWWLQJ XS WKH

QHZ ODE DQG FDUU\LQJ RXW

H[WHQVLYH UHVHDUFK� 0HOYLOOH

VWDWHV WKDW� �ZH KDYH D

FRQWLQXHG LQWHUHVW LQ WKH DUHD

RI HQYLURQPHQWDO LPSDFW

DVVHVVPHQWV� :H DUH ZRUNLQJ

ZLWK LQGXVWU\� JRYHUQPHQW DQG

SULYDWH VHFWRU HQYLURQPHQWDO

FRQVXOWDQWV WR HQVXUH

UHVSRQVLEOH PDQDJHPHQW RI RXU

DTXDWLF HFRV\VWHP��

65& 1HZV -DQXDU\ ����

5HSULQWHG ZLWK WKH SHUPLVVLRQ RI WKH 6DVNDWFKHZDQ 5HVHDUFK &RXQFLO
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/HVVRQ�6FKHGXOH

7KH ,PSRUWDQFH RI :DWHU

7KLV JURXS RI DFWLYLWLHV FDQ EH FRPSOHWHG LQ D EORFN RI

DERXW ILYH KRXUV LQ WKH FODVVURRP� 'HSHQGLQJ RQ WKH

VNLOOV� LQWHUHVWV DQG DELOLWLHV RI WKH VWXGHQWV� IURP

WKUHH WR VL[ KRXUV PD\ DFWXDOO\ EH XVHG�

7KH VHTXHQFH DQG FRRUGLQDWLRQ LV D GHFLVLRQ ZKLFK

PXVW EH PDGH DFFRUGLQJ WR WKH VLWXDWLRQ LQ HDFK FODVV�

,Q RQH FODVVURRP� LW PD\ EH DSSURSULDWH WR VWDUW ZLWK

WKH VWRU\ IURP .HHSHUV RI WKH (DUWK DQG WKHQ GUDZ

FRQFHSW PDSV GXULQJ WKH ILUVW FODVV SHULRG� ,Q DQRWKHU

FODVV WKH ´+RZ :HW ,V 2XU 3ODQHW"µ DFWLYLW\ PD\ EH

XVHG WR NLFN RII WKH XQLW�

'HWHFWLQJ &RQWDPLQDQWV

:KLOH WKH DYHUDJH FODVV PD\ VSHQG DERXW VHYHQ KRXUV

FRPSOHWLQJ WKH DFWLYLWLHV RI WKLV VHFWLRQ RI WKH XQLW�

WLPH HFRQRPLHV PD\ EH SURGXFHG� &ROOHFWLQJ ZDWHU

VDPSOHV RXWVLGH RI FODVV WLPH DQG GLYLVLRQ RI UHDGLQJ

DVVLJQPHQWV DPRQJ ZRUNLQJ JURXSV ZKR ZRXOG

SURYLGH ZULWWHQ RU RUDO UHSRUWV RI WKHLU UHDGLQJ WR WKH

RWKHU JURXSV DUH WHFKQLTXHV ZKLFK PD\ IUHH WLPH WR

EH XVHG WR WHVW WKH ZDWHU VDPSOHV LQ PRUH GHWDLO RU WR

VKRUWHQ WKH OHQJWK RI WKH XQLW�

3UHVHUYLQJ :DWHU 4XDOLW\

7KLV SRUWLRQ RI WKH XQLW LV WKH RQH ZKLFK LV PRVW

DSSOLFDEOH WR WKH VWXGHQWV· GDLO\ DFWLYLWLHV� 7KH\ DOO

FRQVXPH ZDWHU DQG SURGXFWV SURGXFHG XVLQJ RU

FRQWDLQLQJ ZDWHU� 7KH\ DOO SURGXFH ZDVWH ZDWHU� )RU

WKLV UHDVRQ VHYHQ WR WHQ KRXUV DUH DOORWWHG IRU WKLV

VHFWLRQ�

&RQVHUYLQJ :DWHU DQG $TXDWLF +DELWDW

'HVLJQHG DV D WKUHH KRXU VHJPHQW WR HPSKDVL]H WKH

FRQWULEXWLRQ WKDW HYHU\RQH LQ VRFLHW\ PDNHV WR WKH

ZDWHU TXDOLW\ SUREOHP� WKHVH WKUHH DFWLYLWLHV FDQ DOVR

EH XVHG WR EULGJH LQWR D WHDFKHU�GHYHORSHG /LIH

6FLHQFH XQLW ZKLFK H[DPLQHV WKH UHODWLRQVKLS EHWZHHQ

DTXDWLF RUJDQLVPV DQG ZDWHU TXDOLW\� 7KUHH KRXUV

VKRXOG EH DGHTXDWH WR DFFRPSOLVK WKH REMHFWLYHV RI

WKLV VHFWLRQ�

6DPSOH�/HVVRQ�3ODQV

7KHVH VDPSOH OHVVRQ SODQV DUH LQWHQGHG WR VKRZ KRZ

WKH &RPPRQ (VVHQWLDO /HDUQLQJV� WKH IDFWRUV RI

VFLHQWLILF OLWHUDF\� DQG HYDOXDWLRQ FDQ EH LQWHJUDWHG

LQWR 6FLHQFH �� OHVVRQV�

7KH ,PSRUWDQFH RI :DWHU

/HVVRQ � �� KRXU�

(QJDJLQJ WKH VWXGHQWV
 PLQGV�

7ZR PLQXWH RSHQ GLVFXVVLRQ RQ�

�:KDW LV D GURXJKW"

�:KDW DUH WKH VLJQV RI D GURXJKW"

�:KDW FDXVHV SUHFLSLWDWLRQ DPRXQWV WR EH ORZ"

:KDW UROH GRHV HYDSRUDWLRQ SOD\"

5HDG �.ROXVFDS DQG WKH :DWHU 0RQVWHU� IURP .HHSHUV

RI WKH (DUWK� 'LVFXVV WKH VWRU\� GUDZLQJ RXW VWXGHQWV


LGHDV RQ WKH VLJQLILFDQFH RI WKH VWRU\� 7KUHH LPSRUWDQW

SRLQWV VKRXOG HPHUJH IURP WKH GLVFXVVLRQ�

� 'XULQJ D GURXJKW� WKHUH LV QRW PXFK SHRSOH FDQ GR

WR HQG LW�

� /LIH LV FRPSOHWHO\ GHSHQGHQW RQ ZDWHU�

� 1R RQH RZQV WKH ZDWHU�

3HRSOH KDYH DOZD\V VRXJKW WR H[SODLQ WKH ZD\ WKH

ZRUOG RSHUDWHV E\ PDNLQJ REVHUYDWLRQV DQG GUDZLQJ

LQIHUHQFHV� 7KH PHWKRGV RI VFLHQFH DUH RQH ZD\ WR

KHOS LQ WKH VHDUFK IRU XQGHUVWDQGLQJ�

([SORULQJ WKH LGHDV�

'LYLGH WKH VWXGHQWV LQWR KHWHURJHQHRXV ZRUNLQJ

JURXSV� $VVLJQ UROHV IRU HDFK JURXS PHPEHU�

�6XJJHVWLRQV IRU RUJDQL]LQJ VPDOO JURXS ZRUN FDQ EH

IRXQG LQ 7RJHWKHU :H /HDUQ��

$VN HDFK JURXS WR SURGXFH D FRQFHSW PDS GHDOLQJ

ZLWK WKH FRQFHSW 
ZDWHU
� 7KHUH VKRXOG EH JURXS

FRQVHQVXV RQ WKH DVVRFLDWHG FRQFHSWV DQG RQ WKH

OLQNV� ,I VWXGHQWV KDYH QR H[SHULHQFH� RU OLPLWHG

H[SHULHQFH� ZLWK FRQFHSW PDSSLQJ� WKH UHVW RI WKLV

SHULRG DQG KDOI RI WKH QH[W VKRXOG EH XVHG WR

LQWURGXFH WKH WHFKQLTXH� ,GHDV DERXW FRQFHSW PDSSLQJ

FDQ EH IRXQG LQ 8QGHUVWDQGLQJ WKH &RPPRQ (VVHQWLDO

/HDUQLQJV� $ +DQGERRN IRU 7HDFKHUV DQG LQ /HDUQLQJ

+RZ WR /HDUQ� 7KH PDSV IRU WKH FRQFHSW ZDWHU ZRXOG

WKHQ EH GUDZQ LQ WKH VHFRQG KDOI RI QH[W FODVV�
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(YDOXDWLQJ ZKDW KDV

KDSSHQHG�

3RVW WKH FRQFHSW PDSV LQ WKH FODVVURRP� 6WXGHQWV ZLOO

KDYH D FKDQFH WR UHFRQVWUXFW WKHLU PDSV DW YDULRXV

SRLQWV GXULQJ WKLV XQLW DQG ILQDOO\ DW WKH HQG RI WKH

XQLW� (DFK WLPH D PDS LV GUDZQ� LW VKRXOG EH GDWHG�

7KH ODWHVW YHUVLRQ FDQ EH SRVWHG DQG WKH SUHYLRXV RQHV

NHSW LQ D JURXS SRUWIROLR�

,Q WKLV ZD\� WKH JURXS PHPEHUV DUH FRQVWDQWO\

UHHYDOXDWLQJ WKHLU LGHDV DERXW ZDWHU� $W WKH HQG RI WKH

XQLW� E\ UHYLHZLQJ DOO WKHLU PDSV� WKH\ FDQ WUDFH WKH

HYROXWLRQ RI WKHLU WKLQNLQJ DERXW ZDWHU�

/HVVRQ � �� KRXU�

(QJDJLQJ WKH VWXGHQWV PLQGV�

$VN HDFK VWXGHQW WR ZULWH DQ HVWLPDWH �DV D SHUFHQW RU

D IUDFWLRQ� RI�

� WKH SRUWLRQ RI WKH HDUWK
V VXUIDFH ZKLFK LV FRYHUHG E\

ZDWHU� DQG�

� WKH SRUWLRQ RI HDUWK
V ZDWHU ZKLFK LV IUHVK ZDWHU�

�+RZ :HW ,V 2XU 3ODQHW"� IURP WKH 3URMHFW :,/'

������ $FWLYLW\ *XLGH SURYLGHV VRPH VWDWLVWLFV ZKLFK

FDQ KHOS VWXGHQWV DSSUHFLDWH WKDW HYHQ WKRXJK ZDWHU

LV DEXQGDQW� WKH IUHVK ZDWHU VXSSO\ LV PRUH WHQXRXV�

8VH �� �� DQG � IURP WKH 3URFHGXUHV VHFWLRQ RI WKLV

DFWLYLW\ WR VWLPXODWH D GLVFXVVLRQ RI WKH (DUWK
V

IUHVKZDWHU VXSSO\� (PSKDVL]H WKDW ZLVH XVH RI ZDWHU

LQYROYHV SUHVHUYLQJ LWV TXDOLW\ DQG FRQVHUYLQJ WKH

YROXPH ZKLFK LV DYDLODEOH WR XV�

$VVLJQ ([WHQVLRQ � �PXUDO RI WKH ZDWHU F\FOH�� WR EH

ZRUNHG RQ LQ WKH JURXSV HVWDEOLVKHG IRU OHVVRQ �� DV DQ

RQJRLQJ DVVLJQPHQW IRU WKLV XQLW�

([SORULQJ WKH LGHDV�

,Q WKHLU ZRUNLQJ

JURXSV� DVN WKH VWXGHQWV WR FRQVWUXFW WKH ZDWHU XVH

GDWD FROOHFWLRQ WDEOH� DV RXWOLQHG LQ DFWLYLW\ � RI 3DUW

,�

(YDOXDWLQJ ZKDW KDV KDSSHQHG�

,I D OLVW RI FULWHULD IRU FUHDWLRQ RI WKH WDEOH KDV EHHQ

GLVWULEXWHG RU GLVFXVVHG EHIRUH WKH JURXSV KDYH EHJXQ

ZRUN� WKH WDEOHV ZKLFK DUH VXEPLWWHG IRU GXSOLFDWLRQ

FRXOG EH JUDGHG DJDLQVW WKHVH FULWHULD�

6DPSOH FULWHULD�

� ,V WKH OLVW RI W\SLFDO XVHV FRPSOHWH"

� ,V WKHUH VSDFH WR UHFRUG WKH QXPEHU RI W\SLFDO XVHV

SHU GD\"

� ,V SURYLVLRQ PDGH IRU HVWLPDWLQJ XVHV GXULQJ ZKLFK

WKH YROXPHV YDU\� VXFK DV OHQJWK RI VKRZHU� PHWKRG

RI ZDVKLQJ FDUV� DQG XVH RI KXPLGLILHUV"

� ,V WKHUH VSDFH WR UHFRUG DW\SLFDO �RQH�WLPH RU UDUH�

XVHV"

� ,V WKHUH VSDFH WR UHFRUG WKH GDWH RI WKH

REVHUYDWLRQV"

� ,V WKH WDEOH HDV\ WR XVH"

� +DV WKH WDEOH EHHQ JHQHUDWHG E\ FRPSXWHU"

+DYH WKH JURXS ILOO LQ D JURXS VHOI�HYDOXDWLRQ IRUP�

VXFK DV WKH RQH RQ WKH IROORZLQJ SDJH�
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*URXS�VHOI�HYDOXDWLRQ

*URXS PHPEHUV�

%\ JURXS FRQVHQVXV� GHFLGH KRZ WR UDWH \RXU JURXS ZLWK UHVSHFW WR HDFK FULWHULRQ EHORZ� 8VH WKH QXPEHUV ��� WR

UHSUHVHQW WKH WHUPV LQGLFDWHG LQ WKH NH\�

�� <HV �� 6RPHZKDW �� 1R

:H DOORFDWHG UHVSRQVLELOLWLHV IDLUO\�

:H FRQVLGHUHG HYHU\RQH
V LGHDV�

:H PDGH VXUH HYHU\RQH SDUWLFLSDWHG

LQ JURXS GLVFXVVLRQV�

:H KHOSHG HDFK RWKHU IXOILO

RXU DVVLJQPHQWV�

7KH EHVW WKLQJ DERXW RXU JURXS ZDV

:H FRXOG PDNH RXU JURXS ZRUN EHWWHU E\

5HVHDUFK�3ODQQLQJ�*XLGH

� ,GHQWLI\ D JHQHUDO TXHVWLRQ RU DUHD RI LQWHUHVW�

� /LVW ZKDW \RX NQRZ DERXW WKDW TXHVWLRQ RU WRSLF�

/LVW VRPH TXHVWLRQV ZKLFK \RX KDYH� RU FDQ FUHDWH�

DERXW WKH WRSLF�

� 6HOHFW VRPHWKLQJ ZKLFK \RX WKLQN ZRXOG EH DQ

LQWHUHVWLQJ DUHD IRU D UHSRUW IURP WKH OLVW�

� /LVW DOO VRXUFHV RI LQIRUPDWLRQ VXFK DV OLEUDULHV DQG

RWKHU RUJDQL]DWLRQV� DQG JDWKHU WRJHWKHU ZKDW

LQIRUPDWLRQ LV DYDLODEOH� $VN \RXU WHDFKHU RU

WHDFKHU�OLEUDULDQ IRU KHOS ZKHQ \RX QHHG LW�

� 6WDUW H[DPLQLQJ WKH LQIRUPDWLRQ DYDLODEOH IURP

HDFK RI WKH VRXUFHV� ,I WRR PXFK LV DYDLODEOH IRU XVH

IURP DQ\ VRXUFH� HLWKHU QDUURZ \RXU WRSLF RU FRPH

XS ZLWK VRPH FULWHULD �H�J�� SXEOLVKHG ���� RU ODWHU�

IURP 6DVNDWFKHZDQ RU &DQDGLDQ VRXUFHV� HWF�� IRU

VHOHFWLQJ ZKDW WR XVH� 8VH WKHVH VRXUFHV WR JLYH \RX

OHDGV WR RWKHU VRXUFHV�

� (VWDEOLVK KRZ \RX ZLOO UHFRUG DQG RUJDQL]H WKH

LQIRUPDWLRQ \RX DUH ILQGLQJ �H�J�� MRW QRWHV� LQGH[

FDUGV� LQIRUPDWLRQ PDWUL[��

� 6\QWKHVL]H WKH LQIRUPDWLRQ LQ D IRUP ZKLFK

FRPSOHPHQWV \RXU DELOLWLHV WR SUHVHQW LW� 6RPH

ZD\V DUH ZLWK SRVWHUV� ZULWWHQ WH[W� FKDUWV�

GUDPDWLF VNLW� DQG RUDOO\�

� 5HIOHFW RQ ZKDW \RX KDYH GRQH� 5HFRUG LQ WZR RU

WKUHH SRLQWV ZKDW NQRZOHGJH DQG VNLOOV \RX KDYH

OHDUQHG DQG ZKDW \RX ZRXOG OLNH WR LPSURYH�



��

5HIHUHQFHV

$LNHQKHDG� *�6� ������� 7HDFKLQJ 6FLHQFH 7KURXJK D

6FLHQFH�7HFKQRORJ\�6RFLHW\�(QYLURQPHQW $SSURDFK�

$Q ,QVWUXFWLRQ *XLGH� 6DVNDWFKHZDQ ,QVWUXFWLRQDO

'HYHORSPHQW DQG 5HVHDUFK 8QLW� 5HSRUW ����

8QLYHUVLW\ RI 5HJLQD�

&ODUNH� -XG\� ������� 7RJHWKHU :H /HDUQ�

6FDUERURXJK� 21� 3UHQWLFH�+DOO�

(WRELFRNH %RDUG RI (GXFDWLRQ� ������� 0DNLQJ WKH

*UDGH� 6FDUERURXJK� 21� 3UHQWLFH�+DOO�

+DUW� (�3� ������� 6FLHQFH IRU 6DVNDWFKHZDQ 6FKRROV�

$ 5HYLHZ RI 5HVHDUFK /LWHUDWXUH� $QDO\VLV� DQG

5HFRPPHQGDWLRQV� 6DVNDWFKHZDQ ,QVWUXFWLRQDO

'HYHORSPHQW DQG 5HVHDUFK 8QLW� 5HSRUW ���

8QLYHUVLW\ RI 5HJLQD�

1DWLRQDO 6FLHQFH 7HDFKHUV $VVRFLDWLRQ� ������� 6DIHW\

LQ WKH 6HFRQGDU\ 6FLHQFH &ODVVURRP� :DVKLQJWRQ�

'�&� ������

1RYDN� -� DQG '� *RZLQ� ������� /HDUQLQJ +RZ WR

/HDUQ� 1HZ <RUN� &DPEULGJH 8QLYHUVLW\ 3UHVV�

6DVNDWFKHZDQ (GXFDWLRQ� ������� ,QVWUXFWLRQDO

$SSURDFKHV� $ )UDPHZRUN IRU 3URIHVVLRQDO 3UDFWLFH�

5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 6WXGHQW

(YDOXDWLRQ� $ 7HDFKHU +DQGERRN� 5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 6FLHQFH ��� $

%LEOLRJUDSK\ IRU WKH 6HFRQGDU\ /HYHO� 5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 6FLHQFH ��� $Q

,QIRUPDWLRQ %XOOHWLQ IRU $GPLQLVWUDWRUV� �'UDIW�

5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 6FLHQFH ��� $Q

,QIRUPDWLRQ %XOOHWLQ IRU WKH 6HFRQGDU\ /HYHO � .H\

5HVRXUFHV� 5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 6FLHQFH 3URJUDP

2YHUYLHZ DQG &RQQHFWLRQV .���� �'UDIW� 5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 6DVNDWFKHZDQ

6FKRRO�%DVHG 3URJUDP (YDOXDWLRQ 5HVRXUFH %RRN�

5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 8QGHUVWDQGLQJ WKH

&RPPRQ (VVHQWLDO /HDUQLQJV� $ +DQGERRN IRU

7HDFKHUV� 5HJLQD�

6DVNDWFKHZDQ (GXDWLRQ� ������� 5HVRXUFH�%DVHG

/HDUQLQJ� 3ROLF\� *XLGHOLQHV DQG 5HVSRQVLELOLWLHV IRU

6DVNDWFKHZDQ /HDUQLQJ 5HVRXUFH &HQWUHV� 5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� &RUH &XUULFXOXP�

3ODQV IRU ,PSOHPHQWDWLRQ� 5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 3URJUDP 3ROLF\

3URSRVDOV� &RUH &XUULFXOXP $GYLVRU\ &RPPLWWHH�

5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 'LUHFWLRQV� 7KH

)LQDO 5HSRUW� 5HJLQD�

6DVNDWFKHZDQ (GXFDWLRQ� ������� 6, 0HWULF *XLGH IRU

6FLHQFH� 5HJLQD�

6DVNDWFKHZDQ (QYLURQPHQW DQG 3XEOLF 6DIHW\�

������� $ *XLGH WR /DERUDWRU\ 6DIHW\ DQG &KHPLFDO

0DQDJHPHQW LQ 6FKRRO 6FLHQFH 6WXG\ $FWLYLWLHV�

5HJLQD�

<RXWK 6FLHQFH )RXQGDWLRQ� ������� 6FLHQFH )DLUV�

2UJDQL]DWLRQ� 5HJXODWLRQV� -XGJLQJ DQG 3URMHFW ,GHDV�

2WWDZD� 21�



��

&RUH�8QLWV

&RUH�8QLW�$���(DUWK�(QYLURQPHQWDO�6FLHQFH

)DFWRUV�RI�6FLHQWLILF�/LWHUDF\�:KLFK

6KRXOG�%H�(PSKDVL]HG

$� SXEOLF�SULYDWH

$� KROLVWLF

$� WHQWDWLYH

$� KXPDQ�FXOWXUH UHODWHG

%�� FDXVH�HIIHFW

%�� FRQVHUYDWLRQ

%�� V\VWHP

&� FRPPXQLFDWLQJ

&� ZRUNLQJ FRRSHUDWLYHO\

&� TXHVWLRQLQJ

&�� LQWHUSUHWLQJ GDWD

'� LPSDFW RI VFLHQFH DQG WHFKQRORJ\

'� VFLHQFH� WHFKQRORJ\� DQG WKH HQYLURQPHQW

'� YDULDEOH SRVLWLRQV

(� XVLQJ DXGLRYLVXDO DLGV

(� FRPSXWHU LQWHUDFWLRQ

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

)� TXHVWLRQLQJ

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

)� FRQVLGHUDWLRQ RI FRQVHTXHQFH

*� LQWHUHVW

*� PHGLD SUHIHUHQFH

)RXQGDWLRQDO�2EMHFWLYHV�IRU�6FLHQFH

DQG�WKH�&RPPRQ�(VVHQWLDO�/HDUQLQJV

,Q WKLV XQLW VWXGHQWV ZLOO LQFUHDVH WKHLU DELOLWLHV WR�

$�� DSSUHFLDWH WKH FRPSOH[LW\ ZLWKLQ QDWXUDO

V\VWHPV�

$�� H[DPLQH WKH LPSDFW RI KLVWRULFDO DQG

FRQWHPSRUDU\ KXPDQ DFWLYLW\ RQ WKH

ELRVSKHUH�

$�� H[DPLQH WKH LPSDFW RI KXPDQ DFWLYLW\ RQ

WUDGLWLRQDO OLIHVW\OHV�

$�� LGHQWLI\ ZD\V WKDW WKH LPSDFW RI KXPDQ

DFWLYLW\ FDQ EH UHGXFHG�

$�� DQDO\]H WKH HQYLURQPHQWDO LPSDFW RI SHUVRQDO

DFWLYLWLHV DQG OLIHVW\OHV�

$�� DQDO\]H WKH HIIHFW�LPSDFW RI WKH HQYLURQPHQW

RQ SHUVRQDO DFWLYLWLHV DQG OLIHVW\OHV� DQG WKH

HIIHFW RI SHUVRQDO DFWLYLWLHV RQ WKH

HQYLURQPHQW�

$�� XVH D ZLGH UDQJH RI ODQJXDJH H[SHULHQFHV WR

GHYHORS WKHLU NQRZOHGJH RI QDWXUDO V\VWHPV

�&20��

$�� SURPRWH ERWK LQWXLWLYH� LPDJLQDWLYH WKRXJKW

DQG WKH DELOLW\ WR HYDOXDWH SURFHVVHV�

H[SHULHQFHV� DQG REMHFWV LQ WKH FRQWH[W RI

XQGHUVWDQGLQJ WKH LPSDFW KXPDQV KDYH RQ

WKH ELRVSKHUH �&&7��

$�� XQGHUVWDQG WKDW WHFKQRORJ\ ERWK VKDSHV� DQG

LV VKDSHG E\� VRFLHW\ �7/�� DQG�

$��� PHHW SHUVRQDO OHDUQLQJ QHHGV �,/��



��

7RSLF�$����:DWHU�4XDOLW\

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

$���� UHFRJQL]H WKH LPSRUWDQFH RI ZDWHU IRU WKH

VXUYLYDO RI OLIH�

$���� YDOXH ZDWHU DV DQ LPSRUWDQW UHQHZDEOH

UHVRXUFH�

$���� DSSUHFLDWH WKH LPSRUWDQFH RI ZDWHU LQ IRRG

SURGXFWLRQ�

$���� LQYHVWLJDWH PL[WXUHV DQG VROXWLRQV�

$���� FODVVLI\ PL[WXUHV DQG VROXWLRQV�

$���� GLVWLQJXLVK EHWZHHQ KDUG DQG VRIW ZDWHU�

$���� LQYHVWLJDWH WKH ZD\ LQ ZKLFK D ZDWHU VRIWHQHU

ZRUNV�

$���� GHYHORS D JHQHUDOL]DWLRQ IRU WKH VROXELOLW\ RI

PRVW VROLGV LQ ZDWHU DW GLIIHUHQW

WHPSHUDWXUHV�

$���� UHFRJQL]H WKDW WKH VROXELOLW\ RI R[\JHQ LQ

ZDWHU GHFUHDVHV ZLWK LQFUHDVLQJ WHPSHUDWXUH�

$����� UHFRJQL]H WKH LPSRUWDQFH IRU DTXDWLF OLIH RI

GLVVROYHG R[\JHQ LQ ZDWHU�

$����� H[SUHVV WKH FRQFHQWUDWLRQ RI D VROXWLRQ XVLQJ

DFFHSWDEOH XQLWV�

$����� GHPRQVWUDWH DQ DELOLW\ WR VHSDUDWH ZDWHU

IURP GLVVROYHG DQG VXVSHQGHG PDWHULDO�

$����� LQYHVWLJDWH WKH SUHVHQFH RI LRQV LQ ZDWHU�

$����� WHVW WKH S+ RI GLIIHUHQW ZDWHU VDPSOHV�

$����� LGHQWLI\ VRPH FRQWDPLQDQWV FRPPRQO\ IRXQG

LQ ZDWHU�

$����� H[SODLQ VRPH RI WKH ZD\V LQ ZKLFK ZDWHU

SROOXWLRQ WKUHDWHQV DTXDWLF OLIH�

$����� GLVFXVV KRZ ZDWHU FRQWDPLQDWLRQ DIIHFWV

KXPDQ OLIH DQG DFWLYLW\�

$����� H[SODLQ WKH PRYHPHQW RI ZDWHU WKURXJK WKH

K\GURORJLF F\FOH�

$����� GLVFXVV WKH UROH RI VRLO�ZDWHU�ZHWODQGV

FRQVHUYDWLRQ SURMHFWV LQ WKH K\GURORJLF F\FOH�

$����� H[DPLQH WKH SURFHVVHV XVHG LQ PXQLFLSDO

ZDWHU SXULILFDWLRQ RU LQ ZDVWHZDWHU

WUHDWPHQW�

$����� VXJJHVW ZD\V LQ ZKLFK ZDWHU FRQVXPSWLRQ

FDQ EH UHGXFHG DURXQG WKH KRPH�

$����� DVVHVV YDULRXV ZDWHU FRQVHUYDWLRQ VWUDWHJLHV�

DQG�

$����� GHEDWH DQ LVVXH UHODWHG WR ZDWHU TXDOLW\ LQ

WKH ORFDO UHJLRQ�

7HDFKHU
V QRWHV



��

7RSLF�$����7KH�*UHHQKRXVH�(IIHFW

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

$���� GHYHORS DQ RSHUDWLRQDO GHILQLWLRQ RI WKH

*UHHQKRXVH (IIHFW�

$���� H[SODLQ KRZ D PRGHO RI D JUHHQKRXVH KHOSV

LOOXVWUDWH WKH *UHHQKRXVH (IIHFW�

$���� VWDWH VRPH RI WKH PRUH FRPPRQ �JUHHQKRXVH

JDVHV��

$���� FRQVLGHU RSSRVLQJ SRVLWLRQV E\ VFLHQWLVWV

UHJDUGLQJ WKH YDOLGLW\ RI WKH WKHRU\ RI WKH

*UHHQKRXVH (IIHFW�

$���� H[SODLQ KRZ D EXLOG�XS RI JUHHQKRXVH JDVHV LQ

WKH DWPRVSKHUH PLJKW FRQWULEXWH WR WKH

*UHHQKRXVH (IIHFW�

$���� GHYHORS D PRGHO RI WKH FDUERQ F\FOH ZKLFK

KHOSV H[SODLQ WKH *UHHQKRXVH (IIHFW�

$���� VXJJHVW KRZ GHIRUHVWDWLRQ PD\ FRQWULEXWH WR

WKH *UHHQKRXVH (IIHFW�

$���� H[SODLQ WKH LPSRUWDQFH RI R]RQH LQ WKH

(DUWK
V DWPRVSKHUH�

$���� LQYHVWLJDWH SUHGLFWLRQV UHJDUGLQJ FOLPDWLF

FKDQJHV UHVXOWLQJ IURP WKH *UHHQKRXVH

(IIHFW�

$����� VXJJHVW KRZ DJULFXOWXUH LQ 6DVNDWFKHZDQ

PLJKW EH DIIHFWHG E\ JOREDO ZDUPLQJ�

$����� UHVHDUFK H[LVWLQJ SROLFLHV RU OHJLVODWLRQ ZKLFK

DWWHPSW WR UHGXFH WKH SURGXFWLRQ RI JUHHQ�

KRXVH JDVHV� DQG�

$����� VXJJHVW VRPH PHDVXUHV ZKLFK PLJKW UHGXFH

WKH VHYHULW\ RI WKH *UHHQKRXVH (IIHFW�

7HDFKHU
V QRWHV



��

7RSLF�$����8UDQLXP

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

$���� UHFRJQL]H WKH LPSRUWDQFH RI XUDQLXP IRU

6DVNDWFKHZDQ�

$���� FRQFHSWXDOL]H WKH WLPH IUDPH RI KXPDQ

KLVWRU\ DQG QRQUHQHZDEOH UHVRXUFH IRUPDWLRQ

LQ WKH (DUWK�

$���� LGHQWLI\ JHRORJLFDO IRUPDWLRQV ZKHUH XUDQLXP

LV IRXQG LQ 6DVNDWFKHZDQ�

$���� UHVHDUFK WKH SURFHVVHV IRU PLQLQJ DQG PLOOLQJ

XUDQLXP�

$���� LGHQWLI\ HQYLURQPHQWDO FRQFHUQV UHJDUGLQJ

XUDQLXP PLQLQJ DQG WKH XVH RI QXFOHDU

HQHUJ\�

$���� LQYHVWLJDWH WKH VWDJHV LQ WKH QXFOHDU IXHO

F\FOH�

$���� H[SODLQ ZK\ SUHFDXWLRQV DUH QHHGHG WR

PLQLPL]H WKH ULVN RI H[SRVXUH WR UDGLDWLRQ�

$���� DVVHVV WKH KHDOWK DQG VDIHW\ FRQVLGHUDWLRQV

LQYROYHG LQ WKH PLQLQJ DQG SURFHVVLQJ RI

XUDQLXP� DQG LQ WKH QXFOHDU LQGXVWU\�

$���� HYDOXDWH WKH PHWKRGV XVHG LQ KDQGOLQJ DQG

WUDQVSRUWLQJ XUDQLXP SURGXFWV�

$����� H[SODLQ VRPH RI WKH DFXWH HIIHFWV WKDW

UDGLDWLRQ KDV RQ KXPDQV DQG RQ RWKHU OLIH

IRUPV�

$����� HYDOXDWH WKH LPSDFW RI XUDQLXP PLQLQJ RQ

QRUWKHUQ FRPPXQLWLHV DQG WUDGLWLRQDO

QRUWKHUQ OLIHVW\OHV�

$����� LGHQWLI\ ZD\V LQ ZKLFK SURFHVVHG XUDQLXP LV

XVHG�

$����� H[SODLQ KRZ HOHFWULFLW\ LV SURGXFHG LQ D

&$1'8 QXFOHDU UHDFWRU�

$����� LGHQWLI\ QDWXUDO DQG KXPDQ�FUHDWHG VRXUFHV

RI UDGLDWLRQ�

$����� H[SODLQ WKH W\SHV RI UDGLDWLRQ HPLWWHG E\

UDGLRDFWLYH PDWHULDOV�

$����� UHFRJQL]H VRPH RI WKH WHFKQLFDO GLIILFXOWLHV LQ

QXFOHDU ZDVWH GLVSRVDO�

$����� GLVWLQJXLVK EHWZHHQ IDFW DQG RSLQLRQ�

$����� GHYHORS WKH FRQFHSW RI ULVN�EHQHILW DQDO\VLV�

$����� XVH ULVN DQDO\VLV WR FRPSDUH WKH ULVNV DQG

EHQHILWV RI SHDFHIXO XVHV RI QXFOHDU HQHUJ\�

$����� GHYHORS SHUVRQDO YDOXH SRVLWLRQV UHJDUGLQJ

WKH XVH RI QXFOHDU HQHUJ\� DQG�

$����� GHEDWH WKH IXWXUH XVH RI XUDQLXP DQG QXFOHDU

HQHUJ\ LQ 6DVNDWFKHZDQ�

7HDFKHU
V QRWHV



��

&RUH�8QLW�%���3K\VLFDO�6FLHQFH

)DFWRUV�RI�6FLHQWLILF�/LWHUDF\�:KLFK

6KRXOG�%H�(PSKDVL]HG

$� UHSOLFDEOH

$� HPSLULFDO

$� XQLTXH

$� WHQWDWLYH

%� FKDQJH

%� LQWHUDFWLRQ

%� TXDQWLILFDWLRQ

%�� FRQVHUYDWLRQ

%�� HQHUJ\�PDWWHU

%�� PRGHO

%�� IXQGDPHQWDO HQWLWLHV

&� FODVVLI\LQJ

&� ZRUNLQJ FRRSHUDWLYHO\

&� K\SRWKHVL]LQJ

&�� FRQVHQVXV PDNLQJ

&�� GHILQLQJ RSHUDWLRQDOO\

'� VFLHQFH DQG WHFKQRORJ\

'� VFLHQFH� WHFKQRORJ\� DQG WKH HQYLURQPHQW

'�� WHFKQRORJ\ FRQWUROOHG E\ VRFLHW\

(� XVLQJ HTXLSPHQW VDIHO\

(� FRPSXWHU LQWHUDFWLRQ

(�� XVLQJ TXDQWLWDWLYH UHODWLRQVKLSV

)� TXHVWLRQLQJ

)� VHDUFK IRU GDWD DQG WKHLU PHDQLQJ

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

*� LQWHUHVW

*� FRQILGHQFH

*� UHVSRQVH SUHIHUHQFH

)RXQGDWLRQDO�2EMHFWLYHV�IRU�6FLHQFH

DQG�WKH�&RPPRQ�(VVHQWLDO�/HDUQLQJV

,Q WKLV XQLW VWXGHQWV ZLOO LQFUHDVH WKHLU DELOLWLHV WR�

%�� UHFRJQL]H WKDW SHUYDVLYH SK\VLFDO ODZV JRYHUQ

LQWHUDFWLRQV RI PDWWHU DQG HQHUJ\�

%�� SHUFHLYH SDWWHUQV ZKLFK SURYLGH HYLGHQFH RI

LQWHUDFWLRQV RI PDWWHU DQG HQHUJ\�

%�� XVH ERWK TXDOLWDWLYH DQG TXDQWLWDWLYH PHDQV WR

GHVFULEH SKHQRPHQD�

%�� UHFRJQL]H WKH LPSDFW RI PDQLSXODWLRQ RI PDWWHU

DQG HQHUJ\ RQ SHUVRQDO DFWLYLWLHV DQG OLIHVW\OH�

%�� DSSO\ NQRZOHGJH RI QXPEHUV DQG WKHLU

LQWHUUHODWLRQVKLSV �180��

%�� GHYHORS DQ XQGHUVWDQGLQJ RI KRZ NQRZOHGJH LV

FUHDWHG� HYDOXDWHG� UHILQHG� DQG FKDQJHG ZLWKLQ

VFLHQFH �&&7�� DQG�

%�� GHYHORS D FRQWHPSRUDU\ YLHZ RI WHFKQRORJ\ �7/��



��

7RSLF�%����&KHPLFDO�&KDQJH

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

%���� GLVWLQJXLVK EHWZHHQ D SK\VLFDO FKDQJH DQG D

FKHPLFDO FKDQJH�

%���� REVHUYH DQG GHVFULEH ZKHQ D FKHPLFDO FKDQJH

WDNHV SODFH�

%���� LGHQWLI\ FKHPLFDO UHDFWLRQV ZKLFK DUH

LPSRUWDQW LQ HYHU\GD\ OLIH�

%���� LQYHVWLJDWH D YDULHW\ RI FKHPLFDO UHDFWLRQV�

%���� UHFRJQL]H WKDW PDWWHU DQG HQHUJ\ DUH

FRQVHUYHG LQ D FKHPLFDO UHDFWLRQ�

%���� SHUIRUP DFWLYLWLHV WR LOOXVWUDWH WKH /DZ RI

&RQVHUYDWLRQ RI 0DVV DQG WKH /DZ RI

&RQVWDQW &RPSRVLWLRQ�

%���� FRQVWUXFW VLPSOH ZRUG HTXDWLRQV WR GHVFULEH D

FKHPLFDO FKDQJH�

%���� XVH D PRGHO WR LOOXVWUDWH KRZ DWRPV EHFRPH

UHDUUDQJHG GXULQJ D FKHPLFDO FKDQJH�

%���� LGHQWLI\ V\PEROV XVHG WR UHSUHVHQW HOHPHQWV�

%����� UHFRJQL]H WKH FKHPLFDO FRPSRVLWLRQ RI

FRPPRQ VXEVWDQFHV�

%����� ZULWH VLPSOH FKHPLFDO IRUPXODV�

%����� FRQVWUXFW HTXDWLRQV IRU VLPSOH FKHPLFDO

UHDFWLRQV�

%����� EDODQFH VLPSOH FKHPLFDO HTXDWLRQV�

%����� QDPH VRPH FKHPLFDO FRPSRXQGV�

%����� ZULWH FKHPLFDO IRUPXODV IRU FRPSRXQGV� JLYHQ

WKHLU QDPHV� DQG�

%����� XVH DWRPLF WKHRU\ WR H[SODLQ FKHPLFDO FKDQJH�

7HDFKHU
V QRWHV



��

7RSLF�%����(QHUJ\�0DQDJHPHQW

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

%���� GHILQH HQHUJ\ FRQVHUYDWLRQ�

%���� UHFRJQL]H WKH IDFWRUV ZKLFK DUH SODFLQJ VWUHVV

RQ WKH ZRUOG
V VRXUFHV RI HQHUJ\�

%���� XQGHUVWDQG WKH LPSRUWDQFH RI FRQVHUYDWLRQ DV

D VWUDWHJ\ IRU SURWHFWLQJ DQG H[WHQGLQJ

DYDLODEOH HQHUJ\ VXSSOLHV�

%���� VWDWH YDULRXV W\SHV RI UHQHZDEOH DQG

QRQUHQHZDEOH HQHUJ\ VRXUFHV�

%���� UHFRJQL]H WKRVH IRUPV RI HQHUJ\ RQ (DUWK WKDW

DUH XOWLPDWHO\ SURGXFHG IURP WKH VXQ
V

HQHUJ\�

%���� FRQVLGHU WKH LPSOLFDWLRQV RI FXUUHQW HQHUJ\

XVH SDWWHUQV IRU UHQHZDEOH DQG QRQUHQHZDEOH

HQHUJ\ UHVRXUFHV�

%���� XVH H[WUDSRODWLRQ WR FRQVLGHU WKH LPSOLFDWLRQV

RI PDLQWDLQLQJ FXUUHQW HQHUJ\ XVH SDWWHUQV�

%���� H[SODLQ WKH UHODWLRQVKLS WKDW H[LVWV EHWZHHQ

JOREDO SRSXODWLRQ JURZWK DQG HQHUJ\ GHPDQG�

%���� H[SODLQ KRZ LQGLYLGXDOV FDQ GHYHORS FRPPXQ�

LW\ DZDUHQHVV VWUDWHJLHV IRU HQHUJ\ FRQVHUYD�

WLRQ�

%����� VXJJHVW KRZ SROLWLFDO DFWLRQ FDQ EH WDNHQ WR

PDNH YDULRXV OHYHOV RI JRYHUQPHQW UHVSRQVLYH

WR HQHUJ\ FRQVHUYDWLRQ LVVXHV�

%����� JLYH H[DPSOHV ZKLFK LOOXVWUDWH KRZ HQHUJ\

FDQ EH FRQYHUWHG IURP RQH IRUP WR DQRWKHU�

%����� UHFRJQL]H WKDW� GXH WR HQHUJ\ ORVVHV� HQHUJ\

FRQYHUVLRQV UHVXOW LQ D QHW GHFUHDVH LQ

DYDLODEOH HQHUJ\�

%����� DQDO\]H FRQVXPSWLRQ RI IRRG DV DQ HQHUJ\

LQSXW�

%����� WUDFH WKH YDULRXV HQHUJ\ LQSXWV DQG RXWSXWV

WKURXJK IRRG SURGXFWLRQ� SURFHVVLQJ� DQG

GLVWULEXWLRQ WR WKH FRQVXPSWLRQ RI WKH IRRG�

%����� H[SODLQ KRZ VFLHQFH DQG WHFKQRORJ\ FDQ KHOS

WR RSWLPL]H WKH DYDLODEOH HQHUJ\ LQ HQHUJ\

FRQYHUVLRQV�

%����� LGHQWLI\ KRZ KHDW DQG RWKHU IRUPV RI HQHUJ\

DUH UHODWHG�

%����� DSSO\ DQ XQGHUVWDQGLQJ RI NLQHWLF PROHFXODU

WKHRU\ WR HQHUJ\�

%����� H[DPLQH VFLHQWLILF DQG WHFKQRORJLFDO LVVXHV

UHODWHG WR WKH XVH RI IRVVLO IXHOV�

%����� GHWHUPLQH VRPH RI WKH DGYDQWDJHV DQG

GLVDGYDQWDJHV RI XVLQJ VSHFLILF VRXUFHV RI

HQHUJ\�

%����� LQYHVWLJDWH WKH HQYLURQPHQWDO FRQVHTXHQFHV

UHVXOWLQJ IURP WKH XVH RI YDULRXV W\SHV RI

HQHUJ\�

%����� UHFRJQL]H WKH QHHG IRU FRQVHUYDWLRQ DQG

HQHUJ\ UHVRXUFH PDQDJHPHQW�

%����� FRQVLGHU KRZ SXEOLF RSLQLRQ UHJDUGLQJ HQHUJ\

UHVRXUFH GHYHORSPHQW FDQ EH LQIOXHQFHG� DQG�

%����� H[DPLQH DQG HYDOXDWH RSWLRQV IRU HQHUJ\

UHVRXUFH PDQDJHPHQW� DV D UHVSRQVLEOH

FLWL]HQ ZKR LV VWULYLQJ WR DWWDLQ VFLHQWLILF DQG

WHFKQRORJLFDO OLWHUDF\�

7HDFKHU
V QRWHV



��

7RSLF�%����7HDFKHU�6HOHFWHG�3K\VLFDO�6FLHQFH�7RSLF

(OHPHQWV IURP WRSLFV %�� DQG %�� LQ WKH 3K\VLFDO

6FLHQFH &RUH 8QLW FDQ EH FRPELQHG WR SUHSDUH WRSLF %�

�� RU RWKHU WRSLFV PD\ EH XVHG� 5HJDUGOHVV RI WKH

DSSURDFK� WKH IROORZLQJ VKRXOG EH LQFOXGHG LQ WKH

XQLW�

� GHYHORSPHQW RI WKH )DFWRUV RI 6FLHQWLILF

/LWHUDF\ :KLFK 6KRXOG %H (PSKDVL]HG OLVWHG

XQGHU &RUH 8QLW %� 3K\VLFDO 6FLHQFH�

� )RXQGDWLRQDO 2EMHFWLYHV IRU 6FLHQFH DQG WKH

&RPPRQ (VVHQWLDO /HDUQLQJV�

� DSSURSULDWH /HDUQLQJ 2EMHFWLYHV�

� FRQVLGHUDWLRQ RI WKH $GDSWLYH 'LPHQVLRQ�

� D YDULHW\ RI VWXGHQW DFWLYLWLHV�

� DSSURSULDWH WHDFKLQJ VWUDWHJLHV� DQG�

� VWUDWHJLHV IRU VWXGHQW DVVHVVPHQW DQG SURJUDP

HYDOXDWLRQ�

5HIHU WR WKH VHFWLRQ LQ WKLV &XUULFXOXP *XLGH RQ XQLW

SODQQLQJ� EHJLQQLQJ RQ SDJH ��� IRU VRPH VSHFLILF

VXJJHVWLRQV RQ KRZ WR GHYHORS D WHDFKHU�SUHSDUHG

XQLW�

7HDFKHU
V QRWHV



��

&RUH�8QLW�&���/LIH�6FLHQFH

)DFWRUV�RI�6FLHQWLILF�/LWHUDF\�:KLFK

6KRXOG�%H�(PSKDVL]HG

$� KROLVWLF

$� UHSOLFDEOH

$� WHQWDWLYH

%� RUGHUOLQHVV

%� RUJDQLVP

%�� SUHGLFWDELOLW\

%�� FRQVHUYDWLRQ

%�� HQHUJ\�PDWWHU

%�� F\FOH

%�� WKHRU\

%�� HYROXWLRQ

&� FODVVLI\LQJ

&� ZRUNLQJ FRRSHUDWLYHO\

&� TXHVWLRQLQJ

&� LQIHUULQJ

&�� GHVLJQLQJ H[SHULPHQWV

'� VFLHQFH� WHFKQRORJ\� DQG WKH HQYLURQPHQW

'� OLPLWDWLRQV RI VFLHQFH DQG WHFKQRORJ\

'� VRFLDO LQIOXHQFH RQ VFLHQFH DQG WHFKQRORJ\

(� XVLQJ QDWXUDO HQYLURQPHQWV

(� XVLQJ DXGLRYLVXDO DLGV

)� ORQJLQJ WR NQRZ DQG XQGHUVWDQG

)� YDOXLQJ QDWXUDO HQYLURQPHQWV

*� LQWHUHVW

*� DYRFDWLRQ

*� UHVSRQVH SUHIHUHQFH

)RXQGDWLRQDO�2EMHFWLYHV�IRU�6FLHQFH

DQG�WKH�&RPPRQ�(VVHQWLDO�/HDUQLQJV

,Q WKLV XQLW VWXGHQWV ZLOO LQFUHDVH WKHLU DELOLWLHV WR�

&�� DSSUHFLDWH WKH FRPSOH[LW\ RI OLYLQJ V\VWHPV�

&�� UHFRJQL]H WKH LQWULFDWH QDWXUH RI WKH V\VWHP

ZKLFK VXSSRUWV OLIH RQ (DUWK�

&�� UHDOL]H WKH IUDJLOH \HW UREXVW QDWXUH RI OLIH�

&�� XQGHUVWDQG DQG XVH WKH YRFDEXODU\�

VWUXFWXUHV DQG IRUPV RI H[SUHVVLRQ ZKLFK

FKDUDFWHUL]H OLIH VFLHQFH �&20��

&�� HQJDJH LQ LQWXLWLYH� LPDJLQDWLYH WKRXJKW DQG

WKH HYDOXDWLRQ RI LGHDV� SURFHVVHV�

H[SHULHQFHV DQG REMHFWV LQ WKH FRQWH[W RI

XQGHUVWDQGLQJ WKH SODFH ZKLFK OLIH KDV LQ WKH

ELRVSKHUH �&&7�� DQG�

&�� GHYHORS D FRQWHPSRUDU\ YLHZ RI WHFKQRORJ\

�7/��

7HDFKHU
V QRWHV



��

7RSLF�&����&HOO�6WUXFWXUH�DQG�+XPDQ�%RG\�6\VWHPV

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

&���� GHYHORS SURILFLHQF\ LQ XVLQJ D PLFURVFRSH�

&���� SUHSDUH ZHW PRXQW VOLGHV�

&���� UHFRJQL]H WKDW WKH FHOO LV WKH IXQGDPHQWDO

HQWLW\ RI DOO OLIH�

&���� REVHUYH DQG GHVFULEH FHOOV XVLQJ D PLFURVFRSH�

&���� H[SODLQ WKH IXQFWLRQ RI YDULRXV FRPSRQHQWV RI

FHOOV�

&���� LGHQWLI\ YDULRXV FRPSRQHQWV RI FHOOV XVLQJ D

PLFURVFRSH�

&���� HVWLPDWH VL]HV RI FHOOV�

&���� LQYHVWLJDWH FODVVLILFDWLRQ V\VWHPV IRU FHOOV�

&���� H[SODLQ WKH IXQFWLRQLQJ RI D FHOO�

&����� LGHQWLI\ VHYHUDO KXPDQ ERG\ V\VWHPV�

&����� QDPH WKH PDLQ FRPSRQHQWV RI VHYHUDO KXPDQ

ERG\ V\VWHPV�

&����� LQYHVWLJDWH KRZ VHYHUDO KXPDQ ERG\ V\VWHPV

IXQFWLRQ�

&����� FRQVLGHU UHODWLRQVKLSV EHWZHHQ VHYHUDO

KXPDQ ERG\ V\VWHPV�

&����� SHUIRUP ODERUDWRU\ DFWLYLWLHV WR LQYHVWLJDWH

FKDUDFWHULVWLFV RI KXPDQ ERG\ V\VWHPV�

&����� LQYHVWLJDWH WKH WHFKQRORJ\ DVVRFLDWHG ZLWK

GRQDWHG DQG DUWLILFLDO ERG\ SDUWV�

&����� H[SODLQ KRZ WHFKQRORJ\ LV XVHG WR VXVWDLQ D

IDLOLQJ KXPDQ ERG\ V\VWHP� DQG�

&����� LQYHVWLJDWH WKH GLDJQRVLV DQG WUHDWPHQW RI

GLVHDVHV DIIHFWLQJ VHYHUDO KXPDQ ERG\

V\VWHPV�

7HDFKHU
V QRWHV



��

7RSLF�&����)RRG�$GGLWLYHV�DQG�+XPDQ�1XWULWLRQ

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

&���� GHILQH IRRG DGGLWLYHV�

&���� FODVVLI\ IRRG DGGLWLYHV DFFRUGLQJ WR XVH�

&���� H[DPLQH OLVWV RI LQJUHGLHQWV LQ IRRGV WR

GHWHUPLQH WKH SUHVHQFH RI DGGLWLYHV�

&���� LGHQWLI\ VRPH RI WKH EHQHILWV DQG ULVNV RI IRRG

DGGLWLYHV�

&���� FRQVLGHU VRPH RI WKH KLVWRULFDO PHWKRGV RI

IRRG SUHVHUYDWLRQ�

&���� FRQVLGHU VRPH DOWHUQDWLYHV WR WKH XVH RI IRRG

DGGLWLYHV�

&���� SHUIRUP UHVHDUFK WR GHWHUPLQH ZKDW IRRG

DGGLWLYHV KDYH EHHQ EDQQHG DQG ZK\ WKH\

KDYH EHHQ EDQQHG�

&���� SHUIRUP DFWLYLWLHV WR LQYHVWLJDWH YDULRXV W\SHV

RI IRRG DGGLWLYHV �H�J�� XVLQJ FLWULF DFLG WR

SUHYHQW DSSOHV IURP R[LGL]LQJ� XVLQJ HJJ

ZKLWH DV DQ HPXOVLI\LQJ DJHQW� HWF���

&���� LQYHVWLJDWH QHZ WHFKQRORJ\ XVHG LQ IRRG

SURFHVVLQJ� SDFNDJLQJ� DQG SUHSDUDWLRQ�

&����� LGHQWLI\ WKH LPSDFW RI FRQVXPHU GHPDQG RQ

WKH DJUL�IRRG LQGXVWU\�

&����� LGHQWLI\ WKH PDLQ QXWULHQW JURXSV �L�H�� FDUER�

K\GUDWHV� IDWV� SURWHLQV� YLWDPLQV� PLQHUDOV�

ZDWHU��

&����� VWDWH WKH LPSRUWDQFH RI HDFK RI WKH PDLQ

QXWULHQW JURXSV�

&����� UHFRJQL]H WKH LPSRUWDQFH RI D ZHOO�EDODQFHG

GLHW�

&����� FRQVLGHU WKH SRWHQWLDO ULVNV RI GLHWV ZKLFK

SURYLGH H[FHVVHV RU GHILFLHQFLHV RI SDUWLFXODU

QXWULHQWV�

&����� H[SODLQ WKH GLIIHUHQFH EHWZHHQ XQVDWXUDWHG

DQG VDWXUDWHG IDWV�

&����� UHFRJQL]H WKH LPSRUWDQFH RI IDW LQ WKH GLHW�

&����� LGHQWLI\ VRXUFHV RI VDWXUDWHG DQG XQVDWXUDWHG

IDW�

&����� UHFRJQL]H WKH LPSRUWDQFH RI GLHW DQG H[HUFLVH

LQ FRQWUROOLQJ DQG PDLQWDLQLQJ ZHLJKW�

&����� FKHPLFDOO\ DQDO\]H IRRGV IRU WKH SUHVHQFH RI

VXFK WKLQJV DV VXJDU� VWDUFK� SURWHLQ� IDWV�

YLWDPLQ &� HWF�

&����� UHVHDUFK WKH QXWULWLRQDO DQG FDORULF FRQWHQW RI

GLIIHUHQW IRRGV�

&����� LGHQWLI\ FKDQJHV LQ WKH QXWULWLRQDO YDOXH RI

IRRG FDXVHG E\ FRRNLQJ RU RWKHU W\SHV RI

SURFHVVLQJ�

&����� FRQVLGHU ZKHWKHU RU QRW QXWULWLRQDO

VXSSOHPHQWV DUH D QHFHVVDU\ SDUW RI D

EDODQFHG GLHW�

&����� LGHQWLI\ VRPH GLVHDVHV WKDW PD\ UHVXOW IURP

QXWULWLRQDO GHILFLHQFLHV RU H[FHVVHV�

&����� H[DPLQH VHYHUDO W\SLFDO GDLO\ GLHWV DQG

DQDO\]H WKHP IRU WKHLU QXWULWLRQDO YDOXH DQG

FDORULF FRQWHQW�

&����� FRPSDUH WKH DGYDQWDJHV DQG GLVDGYDQWDJHV

RI YHJHWDULDQ DQG QRQYHJHWDULDQ GLHWV� DQG�

&����� FRPSDUH ERWK WKH KLVWRULFDO DQG

FRQWHPSRUDU\ GLHWV RI SHRSOH IURP GLIIHUHQW

FXOWXUHV�

7HDFKHU
V 1RWHV



��

7RSLF�&����7HDFKHU�6HOHFWHG�/LIH�6FLHQFH�7RSLF

(OHPHQWV IURP WRSLFV &�� DQG &�� LQ WKH /LIH 6FLHQFH

&RUH 8QLW FDQ EH FRPELQHG WR SUHSDUH WRSLF &��� RU

RWKHU WRSLFV PD\ EH XVHG� 5HJDUGOHVV RI WKH DSSURDFK�

WKH IROORZLQJ VKRXOG EH LQFOXGHG LQ WKH XQLW�

� GHYHORSPHQW RI WKH )DFWRUV RI 6FLHQWLILF

/LWHUDF\ :KLFK 6KRXOG %H (PSKDVL]HG ZLWKLQ

DOO VHYHQ 'LPHQVLRQV RI 6FLHQWLILF /LWHUDF\�

� )RXQGDWLRQDO 2EMHFWLYHV IRU 6FLHQFH DQG WKH

&RPPRQ (VVHQWLDO /HDUQLQJV�

� VHOHFWLRQ RI DSSURSULDWH /HDUQLQJ 2EMHFWLYHV�

� FRQVLGHUDWLRQ RI WKH $GDSWLYH 'LPHQVLRQ�

� D YDULHW\ RI VWXGHQW DFWLYLWLHV�

� DSSURSULDWH WHDFKLQJ VWUDWHJLHV� DQG�

� VWUDWHJLHV IRU VWXGHQW DVVHVVPHQW DQG SURJUDP

HYDOXDWLRQ�

5HIHU WR WKH VHFWLRQ LQ WKLV &XUULFXOXP *XLGH RQ XQLW

SODQQLQJ EHJLQQLQJ RQ SDJH �� IRU VRPH VSHFLILF

VXJJHVWLRQV RQ KRZ WR GHYHORS D WHDFKHU�SUHSDUHG

XQLW�

7HDFKHU
V QRWHV



��

&RUH�8QLW�'���6FLHQFH�&KDOOHQJH

)DFWRUV�RI�6FLHQWLILF�/LWHUDF\�:KLFK

6KRXOG�%H�(PSKDVL]HG

$� SXEOLF�SULYDWH

$� KROLVWLF

$� KXPDQ�FXOWXUH UHODWHG

%� LQWHUDFWLRQ

%�� FDXVH�HIIHFW

%�� HQHUJ\�PDWWHU

%�� F\FOH

%�� PRGHO

%�� V\VWHP

&� FRPPXQLFDWLQJ

&� REVHUYLQJ DQG GHVFULELQJ

&� ZRUNLQJ FRRSHUDWLYHO\

&� TXHVWLRQLQJ

&�� V\QWKHVL]LQJ

'� VFLHQFH DQG WHFKQRORJ\

'� LPSDFW RI VFLHQFH DQG WHFKQRORJ\

'� YDULDEOH SRVLWLRQV

'�� VFLHQFH� WHFKQRORJ\� DQG RWKHU UHDOPV

(� XVLQJ QDWXUDO HQYLURQPHQWV

(� XVLQJ HTXLSPHQW VDIHO\

)� TXHVWLRQLQJ

)� VHDUFK IRU GDWD DQG WKHLU PHDQLQJ

)� UHVSHFW IRU ORJLF

*� LQWHUHVW

*� FRQILGHQFH

*� FRQWLQXRXV OHDUQHU

*� PHGLD SUHIHUHQFH

*� DYRFDWLRQ

)RXQGDWLRQDO�2EMHFWLYHV�IRU�6FLHQFH

DQG�WKH�&RPPRQ�(VVHQWLDO�/HDUQLQJV

,Q WKLV XQLW VWXGHQWV ZLOO LQFUHDVH WKHLU DELOLWLHV WR�

'�� XVH D YDULHW\ RI ZD\V WR FRPPXQLFDWH

LQIRUPDWLRQ DERXW VRPH DUHD RI VFLHQWLILF

LQWHUHVW�

'�� GHPRQVWUDWH DQ XQGHUVWDQGLQJ RI KRZ

VFLHQWLILF UHVHDUFK LV FRQGXFWHG�

'�� SHUIRUP LQYHVWLJDWLRQV ZKLFK GHPRQVWUDWH DQ

DELOLW\ WR VHDUFK IRU DQVZHUV WR JRRG

TXHVWLRQV�

'�� IRUPXODWH D K\SRWKHVLV� FRQWURO YDULDEOHV�

PDQLSXODWH HTXLSPHQW DQG PDWHULDOV� UHFRUG

REVHUYDWLRQV� DQG DQDO\]H WKH UHVXOWV RI

H[SHULPHQWDO GDWD�

'�� GHYHORS D SRVLWLYH GLVSRVLWLRQ WR OLIHORQJ

OHDUQLQJ �,/��

'�� XQGHUVWDQGLQJ WKH SHUVRQDO� PRUDO� VRFLDO�

DQG FXOWXUDO DVSHFWV RI VFLHQFH �3696��

'�� DSSUHFLDWH WKH YDOXH DQG OLPLWDWLRQV RI

WHFKQRORJ\ ZLWKLQ VRFLHW\ �7/��

'�� UHFRJQL]H WKH OLPLWV RI LQGLYLGXDO UHIOHFWLRQ�

DQG WKH QHHG WR FRQWULEXWH WR DQG EXLOG XSRQ

PXWXDO XQGHUVWDQGLQJV �&&7�� DQG�

'�� XVH D ZLGH UDQJH RI SRVVLELOLWLHV IRU

GHYHORSLQJ PDMRU FRQFHSWV ZLWKLQ VFLHQFH

�&20��



��

7RSLF�'����([WHQVLRQ�$FWLYLWLHV�IRU�WKH�3UHYLRXV�&RUH�8QLWV

7R H[WHQG WKH DFWLYLWLHV LQ WKH SUHYLRXV FRUH XQLWV�

WHDFKHUV PD\ XVH D YDULHW\ RI VWUDWHJLHV� :KLFK DUH

XVHG ZLOO GHSHQG RQ WKH VSHFLILF OHDUQLQJ QHHGV DQG

LQWHUHVWV RI VWXGHQWV� 8VH RI DGGLWLRQDO DFWLYLWLHV� LQ�

GHSWK WUHDWPHQW RI WKH VXEMHFW PDWWHU� DQG

UHPHGLDWLRQ� DUH RQO\ D IHZ ZD\V WR GR WKLV�

([WHQVLRQ DFWLYLWLHV DFFRPPRGDWH WKH $GDSWLYH

'LPHQVLRQ DQG IDFLOLWDWH WKH GHYHORSPHQW RI &ULWLFDO

DQG &UHDWLYH 7KLQNLQJ� ,QGHSHQGHQW /HDUQLQJ� DQG

RWKHU &RPPRQ (VVHQWLDO /HDUQLQJV� 7KH\ FDQ DOVR

SURYLGH VWURQJ VXSSRUW IRU *HQGHU (TXLW\ LQLWLDWLYHV�

WKH ,QGLDQ DQG 0pWLV SHUVSHFWLYHV� DQG 5HVRXUFH�

%DVHG /HDUQLQJ�

7KH �6FLHQFH &KDOOHQJH� DVSHFW RI WKH H[WHQVLRQ

DFWLYLWLHV VXJJHVWV WKDW WKH WHDFKLQJ VWUDWHJLHV IRU

WKLV WRSLF EH DFWLYLW\�EDVHG� FKDOOHQJLQJ� DQG

HQMR\DEOH IRU WKH OHDUQHU� 7KH WHDFKHU� ZRUNLQJ

FORVHO\ ZLWK KLV RU KHU VWXGHQWV� LV LQ WKH EHVW SRVLWLRQ

WR GHWHUPLQH KRZ WKLV VKRXOG EH DFFRPSOLVKHG�

7KH RWKHU WRSLFV LQ WKH 6FLHQFH &KDOOHQJH &RUH

8QLW DOVR SURYLGH H[WHQVLRQ DFWLYLWLHV IRU WKH SUHYLRXV

FRUH XQLWV� EXW DUH GLUHFWHG PRUH VSHFLILFDOO\ DW

VSHFLDO SURMHFWV DQG DFWLYLWLHV� 7KH 6FLHQFH

&KDOOHQJH WRSLFV FDQ DOVR EH EOHQGHG� 6HYHUDO WRSLFV

FDQ EH LQWHJUDWHG LQ WKLV &RUH 8QLW� )RU H[DPSOH� DV

D SDUW RI WKH H[WHQVLRQ DFWLYLWLHV� VWXGHQWV PD\ DOVR

EH ZRUNLQJ RQ 6FLHQFH )DLU SURMHFWV� 2U� VWXGHQWV

GRLQJ 5HVHDUFK 3URMHFWV PD\ DOVR EH SUHSDULQJ

HQWULHV IRU D 6FLHQFH )DLU� )OH[LELOLW\ DQG D

GLYHUVLW\ RI DSSURDFKHV KDYH EHHQ GHVLJQHG LQWR

6FLHQFH �� WR SURYLGH VWXGHQWV ZLWK D PRWLYDWLQJ

OHDUQLQJ DWPRVSKHUH DQG DQ RSSRUWXQLW\ WR

H[SHULHQFH DQ DXWKHQWLF YLHZ RI VFLHQFH�

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

'���� HQJDJH LQ D PRUH LQ�GHSWK VWXG\ RI D WRSLF

FRYHUHG LQ SUHYLRXV FRUH XQLWV�

'���� SHUIRUP D YDULHW\ RI DFWLYLWLHV UHODWHG WR

WRSLFV FRYHUHG LQ SUHYLRXV FRUH XQLWV�

'���� H[SHULHQFH DQ DXWKHQWLF YLHZ RI VFLHQFH E\

EHFRPLQJ DFWLYH� VHOI�GLUHFWHG OHDUQHUV�

'���� JDLQ SURILFLHQF\ LQ SHUIRUPLQJ UHVHDUFK RU LQ

FRQGXFWLQJ H[SHULPHQWDO DFWLYLWLHV�

'���� GHYHORS VNLOOV LPSRUWDQW IRU OLIH�ORQJ OHDUQLQJ�

DQG�

'���� GHYHORS D SRVLWLYH GLVSRVLWLRQ WRZDUG VFLHQFH�

7HDFKHU
V QRWHV



��

7RSLF�'����5HVHDUFK�3URMHFWV

7HDFKHUV VKRXOG SURYLGH VWXGHQWV ZLWK SDUDPHWHUV IRU

WKHLU UHVHDUFK SURMHFWV� &ULWHULD IRU DVVHVVPHQW DQG

HYDOXDWLRQ VKRXOG EH H[SODLQHG EHIRUH VWXGHQWV EHJLQ

ZRUNLQJ RQ WKH SURMHFWV� 7KH UHVHDUFK SURMHFWV VKRXOG

SURGXFH VRPH WDQJLEOH� PHDVXUDEOH RXWFRPHV� VXFK DV

ZULWWHQ UHSRUWV� D PXOWL�PHGLD SUHVHQWDWLRQ� DQ HQWU\

LQ D 6FLHQFH )DLU� RU GDWD DQG FRQFOXVLRQV IURP DQ

LQYHVWLJDWLRQ�

,W PD\ EH SUHIHUDEOH WR GLVWULEXWH WKH �� KRXUV

DOORWWHG WR WKLV WRSLF WKURXJKRXW WKH FRXUVH� EXW WKLV LV

OHIW WR WKH GLVFUHWLRQ RI WKH WHDFKHU�

5HVRXUFHV QHHG WR EH DYDLODEOH IRU VWXGHQWV GXULQJ

WKHLU UHVHDUFK� 7KHUH DUH ZD\V RI PDNLQJ VFDUFH

UHVRXUFHV DYDLODEOH� LQWHUOLEUDU\ ORDQV�

WHOHFRPPXQLFDWLRQV� RU RWKHU GLVWDQFH�HGXFDWLRQ

UHVRXUFHV DQG WHFKQLTXHV� 7HDFKHUV VKRXOG VKRZ

VWXGHQWV KRZ WR VHDUFK IRU DQG REWDLQ PDWHULDOV LQ

WKHVH ZD\V�

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

'���� GHYHORS D V\VWHPDWLF DSSURDFK WR FRQGXFWLQJ

UHVHDUFK�

'���� UHFRJQL]H DOWHUQDWLYH PHWKRGV IRU REWDLQLQJ�

RUJDQL]LQJ� DQG GLVVHPLQDWLQJ LQIRUPDWLRQ�

'���� SURGXFH D WDQJLEOH SURGXFW IURP WKHLU

UHVHDUFK� �H�J�� D UHSRUW� GLVSOD\� RUDO

SUHVHQWDWLRQ� RU 6FLHQFH )DLU H[KLELW� HWF��

'���� XWLOL]H D ZLGH YDULHW\ RI UHVRXUFHV DQG

WHFKQLTXHV ZKHQ FRQGXFWLQJ UHVHDUFK�

'���� UHFRJQL]H WKH UROH RI WHFKQRORJ\ LQ

LQIRUPDWLRQ VWRUDJH� UHWULHYDO� DQG

PDQLSXODWLRQ�

'���� XWLOL]H HPHUJLQJ RU H[LVWLQJ WHFKQRORJLHV

ZKHQ FRQGXFWLQJ UHVHDUFK�

'���� FRPPXQLFDWH WKH UHVXOWV RI UHVHDUFK ILQGLQJV

LQ D YDULHW\ RI DSSURSULDWH ZD\V�

'���� UHFRJQL]H ELDV LQ UHVRXUFH PDWHULDOV� DQG�

'���� GHYHORS DSSURDFKHV WR SURGXFH EDODQFHG

SUHVHQWDWLRQV�

7HDFKHU
V QRWHV
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7RSLF�'����6FLHQFH�)DLU�3URMHFWV

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

'���� SURGXFH D /HYHO � RU /HYHO � 6FLHQFH )DLU

SURMHFW LQYROYLQJ HLWKHU UHVHDUFK RU

H[SHULPHQWDWLRQ�

'���� GHYHORS D SURSRVDO IRU D 6FLHQFH )DLU�

'���� VHOHFW DQ DSSURSULDWH FDWHJRU\ �L�H��

(DUWK�(QYLURQPHQWDO 6FLHQFH� 3K\VLFDO

6FLHQFH� /LIH 6FLHQFH� &RPSXWHU 6FLHQFH� RU

$SSOLHG 6FLHQFH DQG (QJLQHHULQJ� IRU D

6FLHQFH )DLU SURMHFW�

'���� FRPSLOH D OLVW RI UHIHUHQFHV DQG

DFNQRZOHGJHPHQWV XVHG LQ D 6FLHQFH )DLU

SURMHFW�

'���� NHHS D FRQWLQXRXV SURMHFW ORJ RI DOO ZRUN

UHODWHG WR D 6FLHQFH )DLU SURMHFW�

'���� LGHQWLI\ DQG UHTXLVLWLRQ DQ\ VSHFLDO

HTXLSPHQW RU PDWHULDOV QHHGHG LQ D 6FLHQFH

)DLU SURMHFW�

'���� FRQGXFW D VHOI�HYDOXDWLRQ RI D FRPSOHWHG

6FLHQFH )DLU SURMHFW�

'���� EHFRPH DFTXDLQWHG ZLWK WKH UXOHV DQG

MXGJLQJ FULWHULD XVHG DW D 6FLHQFH )DLU�

'���� FRPSOHWH DOO QHFHVVDU\ UHSRUWV DQG

GRFXPHQWDWLRQ UHODWHG WR D 6FLHQFH )DLU

H[KLELW�

'����� SURGXFH D ZULWWHQ UHSRUW VXPPDUL]LQJ DOO RI

WKH ZRUN GRQH LQ WKH FRPSOHWLRQ RI D 6FLHQFH

)DLU SURMHFW�

'����� FRQVWUXFW DQ H[KLELW IRU D 6FLHQFH )DLU�

'����� UHJLVWHU IRU DQG SDUWLFLSDWH LQ D 6FLHQFH )DLU�

DQG�

'����� ZRUN FRRSHUDWLYHO\ ZLWK RWKHUV GXULQJ WKH

SUHSDUDWLRQ RI 6FLHQFH )DLU SURMHFWV�

$ 6FLHQFH )DLU LV D FROOHFWLRQ RI VWXGHQW SURMHFWV

DVVHPEOHG IRU YLHZLQJ DQG MXGJLQJ� 7KH SURMHFWV PD\

FRQVLVW RI RULJLQDO VWXGHQW UHVHDUFK� GHPRQVWUDWLRQV

RI LPSRUWDQW SULQFLSOHV� GHVFULSWLRQV

RI H[SHULPHQWDO SURFHGXUHV ZKLFK VWXGHQWV KDYH

SHUIRUPHG� LQGXVWULDO GHYHORSPHQWV RU LQQRYDWLRQV� RU

DQ RUGHUO\ FROOHFWLRQ RI WKLQJV ZKLFK IDOO ZLWKLQ WKH

EURDG UDQJH RI SXUH DQG DSSOLHG VFLHQFH�

7KH VXJJHVWLRQV SURYLGHG LQ WKLV &XUULFXOXP *XLGH

DUH FRQVLVWHQW �ZLWK VRPH H[FHSWLRQV DV QRWHG� ZLWK

WKH VWDQGDUGV DQG FULWHULD XVHG IRU GLVSOD\LQJ DQG

MXGJLQJ 6FLHQFH )DLU SURMHFWV DW UHJLRQDO� SURYLQFLDO�

RU QDWLRQDO OHYHOV� $W WKH 6HFRQGDU\ /HYHO� SURMHFWV

VKRXOG FRQIRUP WR WKH VWDQGDUGV RI /HYHO � RU /HYHO �

6FLHQFH )DLU SURMHFWV WR EH HOLJLEOH IRU FRPSHWLWLRQ

EH\RQG WKH ORFDO VFKRRO GLYLVLRQ�

$ /HYHO � 6FLHQFH )DLU SURMHFW DQVZHUV D TXHVWLRQ E\

GHVLJQLQJ H[SHULPHQWV WKDW FRQWURO DQG WHVW RQH RU

WZR YDULDEOHV� )RU LQVWDQFH� VWXGHQWV PLJKW SHUIRUP

DQ H[SHULPHQW WR LQYHVWLJDWH WKH UDWH RI JURZWK RI D

\HDVW FXOWXUH DW GLIIHUHQW WHPSHUDWXUHV� $OO RWKHU

YDULDEOHV ZKLFK PLJKW DIIHFW \HDVW JURZWK DUH

FRQWUROOHG�

/HYHO � 6FLHQFH )DLU SURMHFWV DUH PRUH GHPDQGLQJ�

([SHULPHQWV ZKLFK VWXGHQWV FRQGXFW DW WKLV OHYHO

VKRXOG DWWHPSW WR LGHQWLI\ DQG FRQWURO DQ\ YDULDEOHV

ZKLFK PLJKW KDYH DQ HIIHFW RQ WKH H[SHULPHQWDO

UHVXOWV� 7KH ZRUN LV PRUH DEVWUDFW DQG RSHQ�HQGHG�

RIWHQ OHDGLQJ WKH VWXGHQW WR SRVH IXUWKHU TXHVWLRQV�

([KLELWV VKRXOG GHPRQVWUDWH DUWLVWLF VNLOOV� SURSHU

FRQVWUXFWLRQ� DQG DFDGHPLF VFKRODUVKLS� 6HOI�

VXSSRUWLQJ WKUHH SDQHO EDFNERDUGV DUH XVHG WR

VXSSRUW WKH H[KLELWV� 7KH GLVSOD\ VKRXOG EH DWWUDFWLYH

DQG DHVWKHWLFDOO\ DSSHDOLQJ� 'LVSOD\ GLPHQVLRQV

VKRXOG QRW H[FHHG ��� P KLJK� ��� P GHHS� DQG

��� P ZLGH LQ RUGHU WR FRPSO\ ZLWK UHJLRQDO�

SURYLQFLDO� DQG QDWLRQDO VWDQGDUGV� -XGJHV DUH

YHU\ VWULFW DERXW WKHVH GLPHQVLRQV� 3URMHFWV

H[FHHGLQJ WKH PD[LPXP GLPHQVLRQV DUH XVXDOO\

UHMHFWHG�

([KLELWV VKRXOG LQFOXGH WKH WLWOH RI WKH SURMHFW� WKH

SXUSRVH RI WKH H[SHULPHQW�V� SHUIRUPHG� D K\SRWKHVLV�

WKH SURFHGXUH IROORZHG IRU WKH UHVHDUFK RU H[SHULPHQW�

WKH UHVXOWV REWDLQHG� FRQFOXVLRQV� SRWHQWLDO VRXUFHV RI

H[SHULPHQWDO HUURU� DFNQRZOHGJHPHQWV� DQG

UHIHUHQFHV� :RUNLQJ PRGHOV� LI DSSURSULDWH� VKRXOG EH

LQFOXGHG ZLWK WKH H[KLELW� DV VKRXOG D GHWDLOHG ORJ RI

DOO DVSHFWV RI WKH SURMHFW� 7KHUH VKRXOG DOVR EH D

ZULWWHQ SURMHFW UHSRUW ZKLFK SURYLGHV D V\QRSVLV RI

WKH HQWLUH SURMHFW� -XGJHV DZDUG D SRUWLRQ RI WKH

RYHUDOO PDUN WR HDFK RI WKHVH SRLQWV� 7KH RPLVVLRQ RI

DQ\ RQH UHTXLUHG LWHP FRXOG UHGXFH WKH RYHUDOO VFRUH

RI DQ RWKHUZLVH RXWVWDQGLQJ H[KLELW� $OO RI WKHVH

HOHPHQWV PDNH VXFK SURMHFWV FRPSOH[� )RU WKLV

UHDVRQ� VXIILFLHQW WLPH QHHGV WR EH
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SURYLGHG IRU VWXGHQWV WR EH DEOH WR FRPSOHWH 6FLHQFH

)DLU SURMHFWV�

-XGJHV TXDOLILHG WR HYDOXDWH WKH SURMHFWV VKRXOG EH

VHOHFWHG� 7KH\ PXVW EH DEOH WR HYDOXDWH VHYHUDO

WKLQJV VXFK DV RULJLQDOLW\� DFFXUDF\� FRPSOHWHQHVV�

GUDPDWLF YDOXH� VNLOO� FUHDWLYH DELOLW\� DQG WKH UHVXOWV

REWDLQHG� -XGJHV H[DPLQH WKH ZULWWHQ DQG JUDSKLF

PDWHULDO LQ WKH H[KLELW� 7KH\ DOVR LQWHUYLHZ WKH

SDUWLFLSDQWV� 6XJJHVWLRQV IRU MXGJLQJ DUH DYDLODEOH

IURP WKH <RXWK 6FLHQFH )RXQGDWLRQ�

6WXGHQW SURMHFWV FRPSHWH DJDLQVW RWKHUV H[KLELWHG LQ

VLPLODU FDWHJRULHV� 7KH FDWHJRULHV W\SLFDOO\ XVHG LQ

6FLHQFH )DLUV LQFOXGH� /LIH 6FLHQFH� &RPSXWHU 6FLHQFH�

DQG $SSOLHG 6FLHQFH DQG (QJLQHHULQJ� 6DVNDWFKHZDQ

(GXFDWLRQ UHFRPPHQGV XVLQJ DQ DGGLWLRQDO FDWHJRU\

RI (DUWK�(QYLURQPHQWDO 6FLHQFH� WR PDWFK FRUH XQLW $

LQ WKH 6FLHQFH �� FXUULFXOXP� 7KHVH FDWHJRULHV PD\

EH IXUWKHU VXEGLYLGHG E\ JUDGHV� LI WKH 6FLHQFH )DLU

KDV SDUWLFLSDQWV IURP RWKHU JUDGHV�

7KHUH DUH RWKHU FRQVLGHUDWLRQV�

� /LPLW WKH QXPEHU RI VWXGHQWV ZRUNLQJ RQ DQ H[KLELW

WR WZR RU WKUHH DW WKH PRVW�

� $OO HTXLSPHQW QHHGHG IRU WKH H[KLELWV� ZLWK WKH

H[FHSWLRQ RI VXFK WKLQJV DV GLVSOD\ WDEOHV DQG

HOHFWULFDO H[WHQVLRQ FRUGV� PXVW EH SURYLGHG E\ WKH

SDUWLFLSDQWV�

� 'R QRW SURYLGH JDV RU ZDWHU RXWOHWV IRU H[KLELWV�

3URKLELW WKH XVH RI RSHQ IODPHV�

� ,QVSHFW H[KLELWV WKDW UHTXLUH HOHFWULFDO SRZHU

FDUHIXOO\ EHIRUH DOORZLQJ WKH SDUWLFLSDQWV WR SOXJ

WKHP LQ� 8VH FRUGV LQ JRRG FRQGLWLRQ ZKLFK KDYH

WKUHH�SURQJHG SOXJV� 'R QRW OHDYH WKHP SOXJJHG LQ

RYHUQLJKW�

� $UUDQJH IRU DGHTXDWH RYHUQLJKW VHFXULW\ RI WKH

GLVSOD\ DUHD�

� 2EVHUYH VDIHW\ SUHFDXWLRQV UHJDUGLQJ WKH XVH RI

HOHFWULFLW\� VKDUS REMHFWV� KD]DUGRXV PDWHULDOV�

PRYLQJ SDUWV� FU\RJHQLF VXEVWDQFHV� HWF� 3RVW

ZDUQLQJ VLJQV RQ RU QHDU DQ\ GLVSOD\V ZKLFK DUH

SRWHQWLDOO\ KDUPIXO� $OO FKHPLFDOV VKRXOG EH

SURSHUO\ ODEHOOHG�

� ,Q VRPH FDVHV� VWXGHQWV PLJKW EH DEOH WR VXEVWLWXWH

WR[LF RU FRUURVLYH PDWHULDOV ZLWK RQHV ZKLFK DUH

VDIHU� )RU H[DPSOH� PRODVVHV FDQ EH XVHG WR

UHSUHVHQW FUXGH RLO LQ D GLVSOD\� &RQWDLQHUV VKRXOG

EH ODEHOOHG ZLWK WKH ZRUG �VLPXODWHG� LI VXFK

VXEVWLWXWLRQV DUH PDGH�

� ,QVSHFW GLVSOD\V WR HQVXUH WKDW WKH\ DUH VWXUG\ DQG

VWDEOH� 2IIHU VXJJHVWLRQV WR VWXGHQWV RQ KRZ WR

WUDQVSRUW H[KLELWV VDIHO\ WR WKH GLVSOD\ DUHD� 7KLV

FDQ EH D SUREOHP LI H[KLELWV DUH EHLQJ VHQW WR

UHJLRQDO� SURYLQFLDO� RU QDWLRQDO 6FLHQFH )DLUV�

6XJJHVW WKDW VWXGHQWV DOZD\V WDNH WKHLU SURMHFWV

ZLWK WKHP� LQVWHDG RI VKLSSLQJ WKHP LQ DGYDQFH�

� ,QVLVW RQ VDIHW\ YDOYHV RQ DQ\ SUHVVXUL]HG

FRQWDLQHUV�

� *ODVV RU RWKHU IUDJLOH PDWHULDOV VKRXOG EH VHFXUHG

WR SUHYHQW GDPDJH�

� &RPSO\ ZLWK DQ\ PXQLFLSDO� SURYLQFLDO� RU IHGHUDO

UHJXODWLRQV� )RU H[DPSOH� UHJLVWUDWLRQ LV UHTXLUHG

IRU WKH XVH RI [�UD\ RU LRQL]LQJ UDGLDWLRQ HPLWWLQJ

HTXLSPHQW�

� 'LVFRXUDJH WKH XVH RI UDGLRLVRWRSHV�

� %LRORJLFDO WR[LQV� SDWKRJHQLF PDWHULDOV� DQG FHOOV RU

WLVVXHV LQIHFWHG ZLWK DQLPDO YLUXVHV VKRXOG EH

SURKLELWHG� (QVXUH WKDW DOO FXOWXUHV RQ GLVSOD\ DUH

VHDOHG�

� 3URKLELW WKH PDQLSXODWLRQ RI UHFRPELQDQW '1$

PROHFXOHV�

� 'HWHUPLQH LI LQVXUDQFH FRYHUDJH DQG ILUH

UHJXODWLRQV DUH DGHTXDWH IRU WKH H[KLELW DUHD� )LUH

H[WLQJXLVKHUV ZLWK WKH SURSHU UDWLQJ VKRXOG EH

DYDLODEOH�

&DUHIXOO\ VFUXWLQL]H DQ\ H[KLELWV WKDW LQYROYH WKH XVH

RI OLYLQJ VSHFLPHQV� �&RQVXOW YDULRXV SXEOLFDWLRQV

IURP WKH <RXWK 6FLHQFH )RXQGDWLRQ�� ([SHULPHQWV

PXVW FRQIRUP WR WKH $QLPDO 'LVHDVH DQG

3URWHFWLRQ $FW� VHFWLRQ ��� RI WKH &ULPLQDO &RGH

RI &DQDGD GHDOLQJ ZLWK FUXHOW\ WR DQLPDOV� DV ZHOO DV

RWKHU SURYLQFLDO VWDWXWHV� &RQVXOW YDULRXV

SXEOLFDWLRQV IURP WKH <RXWK 6FLHQFH )RXQGDWLRQ IRU

PRUH LQIRUPDWLRQ�

,I SRVVLEOH� OLPLW WKH XVH RI ELRORJLFDO VSHFLPHQV WR

RUJDQLVPV VXFK DV EDFWHULD� SURWR]RD� IXQJL� DQG

LQVHFWV� 9HUWHEUDWHV VKRXOG QRW EH XVHG LQ DQ\

H[SHULPHQWV ZKLFK PD\ EH KDUPIXO WR WKH DQLPDOV�

3URMHFWV LQYROYLQJ KLJKHU RUGHU YHUWHEUDWHV VKRXOG EH

OLPLWHG WR REVHUYDWLRQV RI WKHVH DQLPDOV LQ WKHLU

QDWXUDO VWDWH� RU LQ SURWHFWLYH DUHDV VXFK DV ]RRV�

ZLOGOLIH SDUNV� WHUUDULD� RU DTXDULD� 2EVHUYDWLRQV RI

QRUPDO EHKDYLRXU RI GRPHVWLF DQLPDOV DUH DOVR
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VXLWDEOH� $Q\ H[SHULPHQWV ZKLFK DWWHPSW WR PRGLI\

DQLPDO EHKDYLRXU� RU LQWHUYHQH H[WHUQDOO\� VKRXOG EH

GLVFRXUDJHG� &KHFN ZLWK WKH RUJDQL]HUV RI UHJLRQDO�

SURYLQFLDO� RU QDWLRQDO 6FLHQFH )DLUV WR HQVXUH WKDW

DQ\ H[KLELWV ZKLFK DGYDQFH WR WKRVH OHYHOV PHHW ZLWK

WKH FULWHULD WKH\ KDYH HVWDEOLVKHG UHJDUGLQJ WKH XVH RI

OLYLQJ VSHFLPHQV� )RU H[DPSOH� DW VRPH 6FLHQFH )DLUV

UHVWULFWLRQV PD\ H[LVW RQ H[KLELWV ZKLFK LQFOXGH

GHYHORSLQJ HPEU\RV�

6DPSOH 7DVN %UHDNGRZQ RI D 6FLHQFH )DLU

3URMHFW

7KH IROORZLQJ VXJJHVWLRQV LQGLFDWH VRPH VWDJHV WKDW

PLJKW KDYH WR EH IROORZHG WR FRPSOHWH D 6FLHQFH )DLU

SURMHFW� (DFK VWDJH LQYROYHV D YDULHW\ RI

XQGHUVWDQGLQJV� VNLOOV DQG SURFHVVHV� 7KH HQWLUH

SURFHVV� IURP GHYHORSLQJ WKH LQLWLDO TXHVWLRQ� WR

H[KLELWLQJ WKH SURMHFW DW WKH 6FLHQFH )DLU� SURYLGHV

VWXGHQWV ZLWK WUHPHQGRXV RSSRUWXQLWLHV WR GHYHORS

VFLHQWLILF OLWHUDF\� 7KHVH SURMHFWV DUH DOVR H[FHOOHQW

IRU LQFRUSRUDWLQJ WKH )RXQGDWLRQDO 2EMHFWLYHV IRU

6FLHQFH DQG WKH &RPPRQ (VVHQWLDO /HDUQLQJV�

7KH VWHSV OLVWHG EHORZ DUH SUHVHQWHG LQ FKURQRORJLFDO

RUGHU� $GMXVWPHQWV PD\ KDYH WR EH PDGH� GHSHQGLQJ

RQ WKH UXOHV RI D VSHFLILF 6FLHQFH )DLU� ,W LV

UHFRPPHQGHG WKDW WKH WDVNV EH EURNHQ GRZQ LQ WKLV

ZD\� JLYLQJ VWXGHQWV D VXJJHVWHG GHDGOLQH IRU HDFK

VWDJH LQ WKH FRPSOHWLRQ RI WKHLU SURMHFWV�

� 'HWHUPLQH WKH FDWHJRU\ RI WKH SURMHFW�

� 6WDWH WKH SURMHFW WR EH GHYHORSHG� LQ WKH IRUP RI D

TXHVWLRQ� �6DPSOHV RI TXHVWLRQV ZKLFK PD\ VSDUN

LGHDV IRU HDFK FDWHJRU\ VWDUW RQ WKH QH[W SDJH��

� &RPSOHWH D FRQWUDFW IRU WKH SURMHFW WR EH GHYHORSHG�

� 5HVHDUFK WKH WRSLF� GHYHORSLQJ D ELEOLRJUDSK\�

6XEPLW WKH ELEOLRJUDSK\ IRU HYDOXDWLRQ�

� .HHS GHWDLOHG ZULWWHQ UHFRUGV RI FRUUHVSRQGHQFH

DQG SKRQH FDOOV�

� 3ODQ WKH H[SHULPHQW�V� WR EH SHUIRUPHG�

� 3DUWLFLSDWH LQ DQ LQWHUYLHZ ZLWK WKH VXSHUYLVLQJ

WHDFKHU WR GLVFXVV WKH SODQV IRU WKH H[SHULPHQW�V��

$WWHQWLRQ VKRXOG EH SDLG WR DQ\ VDIHW\

FRQVLGHUDWLRQV QHHGHG WR SHUIRUP WKH H[SHULPHQW�V�

VDIHO\�

� *DWKHU DOO QHFHVVDU\ PDWHULDOV DQG SHUIRUP WKH

H[SHULPHQW�V��

� $QDO\]H WKH H[SHULPHQWDO UHVXOWV DQG SUHSDUH D

SUHOLPLQDU\ UHSRUW�

� 6XEPLW WKH SUHOLPLQDU\ UHSRUW IRU HYDOXDWLRQ�

� 5HGR WKH H[SHULPHQW�V�� PDNLQJ DQ\ PRGLILFDWLRQV

WKDW PD\ EH QHFHVVDU\�

� 3UHSDUH D IXOO ZULWH�XS RI WKH H[SHULPHQW�V��

FRPSOHWH ZLWK WKH DQDO\VLV DQG FRQFOXVLRQV�

� 6XEPLW WKH ZULWH�XS RI WKH H[SHULPHQW�V� IRU

FULWLTXH� 0DNH DQ\ VXJJHVWHG FKDQJHV DQG UH�

VXEPLW WKH FRPSOHWHG UHSRUW IRU HYDOXDWLRQ�

�0DNH SUHOLPLQDU\ GHFLVLRQV UHJDUGLQJ WKH IRUPDW RI

WKH H[KLELW�

� %XLOG DQ\ ZRUNLQJ PRGHOV� &RPSOHWH DOO UHSRUWV�

� &RPSOHWH WKH H[KLELW�

� ([DPLQH WKH FULWHULD WKDW ZLOO EH XVHG WR MXGJH WKH

H[KLELW� 0DNH DQ\ QHFHVVDU\ FKDQJHV WR LPSURYH

WKH SURMHFW�

� &RPSOHWH DQ\ GRFXPHQWDWLRQ QHFHVVDU\ WR HQWHU WKH

SURMHFW LQ WKH 6FLHQFH )DLU�

� 'LVDVVHPEOH WKH H[KLELW DQG WUDQVSRUW LW WR WKH

6FLHQFH )DLU VLWH�

� 5HJLVWHU DQG FRPSOHWH DQ\ IRUPV RU GRFXPHQWDWLRQ

DW WKH 6FLHQFH )DLU VLWH�

� 5HPDLQ QHDU \RXU H[KLELW WR DQVZHU TXHVWLRQV

GXULQJ MXGJLQJ DQG GXULQJ WLPHV ZKHQ H[KLELWV DUH

RQ GLVSOD\ WR WKH SXEOLF�

� ,I SRVVLEOH� KDYH D SKRWRJUDSK WDNHQ RI \RXUVHOI E\

\RXU H[KLELW DW WKH 6FLHQFH )DLU�

� 3DUWLFLSDWH LQ DQ\ VFKHGXOHG DFWLYLWLHV WDNLQJ SODFH

GXULQJ WKH 6FLHQFH )DLU�

� 'LVDVVHPEOH WKH SURMHFW RQFH WKH 6FLHQFH )DLU LV

RYHU�

� 5HWDLQ WKH HQWLUH H[KLELW� HVSHFLDOO\ LI LW LV VHOHFWHG

IRU DQRWKHU 6FLHQFH )DLU�
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6RPH 6XJJHVWHG 7RSLFV IRU 6FLHQFH )DLUV

2QH RI WKH PRVW GLIILFXOW WDVNV VWXGHQWV KDYH LV

GHWHUPLQLQJ KRZ WR EHJLQ D 6FLHQFH )DLU SURMHFW�

7KH WDVN PD\ VHHP RYHUZKHOPLQJ� XQWLO LW LV EURNHQ

GRZQ LQWR D VHULHV RI PRUH PDQDJHDEOH VWHSV�

7KH IROORZLQJ TXHVWLRQV DQG VWDWHPHQWV PD\ KHOS

VWXGHQWV IRFXV RQ WKH SURMHFW
V VWDUWLQJ SRLQW� 7KHVH

TXHVWLRQV ZLOO JLYH VWXGHQWV VRPH LGHD RI WKH UDQJH

RI SRVVLELOLWLHV WKDW FRXOG EH H[SORUHG� 7KH TXHVWLRQV

DUH OLQNHG FORVHO\ WR PDQ\ RI WKH REMHFWLYHV LQ

6FLHQFH ��� ,GHDOO\� DIWHU UHDGLQJ WKURXJK D OLVW RI

VXJJHVWHG WRSLFV LQ WKH FDWHJRU\ WKH\ KDYH VHOHFWHG�

WKH\ FDQ IRUPXODWH WKHLU RZQ TXHVWLRQ�V��

)RU H[DPSOH� WR LQYHVWLJDWH 6DVNDWFKHZDQ VRLOV� D

VWXGHQW PLJKW DVN� �+RZ GR HDUWKZRUPV OLYLQJ LQ

WKH VRLO DIIHFW WKH VRLO TXDOLW\"� $Q H[SHULPHQW ZKLFK

LQYHVWLJDWHV WKDW TXHVWLRQ FRXOG EH D VFLHQFH IDLU

SURMHFW�

(DUWK�(QYLURQPHQWDO 6FLHQFH

�:KDW VKDSHV GR FU\VWDOV KDYH"

� 'RHV WKH UDWH RI FRROLQJ RI D PHWDO DIIHFW LWV FU\VWDO

VWUXFWXUH"

� +RZ FDQ PHWDOV EH PL[HG WR IRUP DOOR\V"

�:KDW DUH WKH GLIIHUHQFHV LQ WKH SURSHUWLHV RI PHWDO

DOOR\V"

� +RZ GR WKH PHOWLQJ SRLQWV RI PHWDO DOOR\V FRPSDUH

WR WKH PHOWLQJ SRLQWV RI SXUH PHWDOV"

� ,QYHVWLJDWH WKH LPSRUWDQFH WR 6DVNDWFKHZDQ RI

VRLO� SRWDVK� EHQWRQLWH� RLO� FRDO� XUDQLXP� VLOLFD

VDQG� RU VRPH RWKHU QDWXUDO UHVRXUFH�

�:KDW FKDQJHV LQ ZLOGOLIH SDWWHUQV UHVXOW IURP

KXPDQ KDELWDWLRQ RQ WKLV SODQHW"

�:KLFK VXEVWDQFHV DUH PRVW�OHDVW VROXEOH LQ ZDWHU"

�:KDW HIIHFW GRHV VDOLQLW\ KDYH RQ FURS \LHOGV"

� +RZ FDQ GLVVROYHG DQG VXVSHQGHG LPSXULWLHV EH

UHPRYHG IURP ZDWHU"

�:KDW KDSSHQV ZKHQ VROXWLRQV FRQWDLQLQJ GLIIHUHQW

LRQV DUH PL[HG"

� +RZ GRHV WKH KDUGQHVV RI ZDWHU DIIHFW LWV DELOLW\ WR

ZDVK FORWKHV"

� +RZ GR ZDWHU VRIWHQHUV ZRUN"

� +RZ VKRXOG ZDWHU EH PDQDJHG LQ \RXU

FRPPXQLW\"

� &DQ D PRGHO EH GHYHORSHG WR VKRZ KRZ D ODUJH�

VFDOH ZDWHU WUHDWPHQW IDFLOLW\ ZRUNV"

�:KDW DUH VRPH RI WKH ZD\V LQ ZKLFK ZDWHU FDQ

EHFRPH SROOXWHG"

� +RZ FDQ RLO VSLOOV EH FOHDQHG XS"

� &DQ PLFUREHV EH XVHG WR GHJUDGH SHWUROHXP"

� +RZ GRHV WKH WHPSHUDWXUH RI ZDWHU DIIHFW WKH

VROXELOLW\ RI GLIIHUHQW VXEVWDQFHV LQ LW"

� +RZ GRHV WKH LQLWLDO WHPSHUDWXUH RI ZDWHU DIIHFW WKH

WLPH LW WDNHV LW WR IUHH]H"

� +RZ GRHV IUHVK ZDWHU EHFRPH R[\JHQDWHG"

� 'RHV WKH GHSWK RI D ODNH DIIHFW WKH DPRXQW RI

DYDLODEOH R[\JHQ LQ WKH ZDWHU"

� +RZ FDQ WKH FRQFHQWUDWLRQ RI D GLVVROYHG VXEVWDQFH LQ

DTXHRXV VROXWLRQ EH GHWHUPLQHG"

� +RZ LV DTXDWLF OLIH DIIHFWHG E\ WKH DPRXQW RI

GLVVROYHG R[\JHQ LQ WKH ZDWHU"

�:KDW DUH WKH LQWHUFRQQHFWLRQV EHWZHHQ DTXLIHUV LQ

6DVNDWFKHZDQ"

� +RZ LV DTXDWLF OLIH DIIHFWHG E\ ZDWHU SROOXWDQWV"

�:KDW W\SHV RI ZDWHU IORZ IOXFWXDWLRQV RFFXU LQ ULYHUV

GXULQJ VSULQJ WKDZ"

� +RZ GRHV WKH 1RUWK $PHULFDQ :DWHUIRZO

0DQDJHPHQW 3ODQ RSHUDWH"

� +RZ VXFFHVVIXO KDYH ZLOGOLIH �VZLIW IR[� SHUHJULQH

IDOFRQ� ZKRRSLQJ FUDQH� UHVWRUDWLRQ SURMHFWV EHHQ"

� 'RHV WKH S+ RI ZDWHU VDPSOHV YDU\ IURP RQH ORFDWLRQ

WR DQRWKHU"

�:KDW DUH VRPH RI WKH ZD\V LQ ZKLFK LUULJDWLRQ FDQ EH

XVHG WR LPSURYH FURS \LHOGV"

� +RZ FDQ D PRGHO EH GHYHORSHG WR LOOXVWUDWH WKH

*UHHQKRXVH (IIHFW"

� +RZ DUH JUHHQKRXVH JDVHV DGGHG WR WKH DWPRVSKHUH"

� +RZ GRHV GHIRUHVWDWLRQ FRQWULEXWH WR WKH *UHHQKRXVH

(IIHFW"

�:KDW LV WKH LPSRUWDQFH RI R]RQH LQ WKH (DUWK
V

DWPRVSKHUH"

�:KDW DUH VRPH RI WKH ORQJ�WHUP LPSOLFDWLRQV RI WKH

*UHHQKRXVH (IIHFW WR DJULFXOWXUH LQ 6DVNDWFKHZDQ"

�:KDW OHJLVODWLRQ LV FXUUHQWO\ LQ SODFH WR DWWHPSW WR

UHGXFH WKH SURGXFWLRQ RI JUHHQKRXVH JDVHV"

� ,V WKHUH D UHODWLRQVKLS EHWZHHQ WKH WKLQQLQJ RI WKH

(DUWK
V R]RQH OD\HU DQG VXQVSRW DFWLYLW\"

� ,V XUDQLXP IRXQG LQ DQ\ VSHFLILF JHRORJLFDO

IRUPDWLRQV"

�:KDW LQGXVWULDO SURFHVV LV XVHG LQ WKH PLQLQJ DQG

UHILQLQJ RI XUDQLXP"

�:KDW DUH VRPH RI WKH HQYLURQPHQWDO FRQFHUQV

UHJDUGLQJ XUDQLXP PLQLQJ RU WKH XVH RI QXFOHDU

HQHUJ\"

�:KDW DUH VRPH RI WKH KHDOWK DQG VDIHW\ LPSOLFDWLRQV

LQ WKH PLQLQJ� SURFHVVLQJ� RU XVH RI XUDQLXP"

�:KDW DUH VRPH RI WKH HIIHFWV WKDW UDGLDWLRQ KDV RQ

KXPDQV RU RWKHU OLYLQJ WKLQJV"

�:KDW DUH VRPH RI WKH ZD\V LQ ZKLFK XUDQLXP LV XVHG"

� +RZ LV HOHFWULFLW\ SURGXFHG LQ &$1'8 QXFOHDU

UHDFWRUV"

� 6KRXOG 6DVNDWFKHZDQ EXLOG LWV RZQ QXFOHDU

JHQHUDWLQJ VWDWLRQV"

�:KDW DUH VRPH RI WKH W\SHV RI UDGLDWLRQ HPLWWHG E\

UDGLRDFWLYH VRXUFHV"
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�:KDW SUHFDXWLRQV FDQ EH WDNHQ WR PLQLPL]H WKH ULVN

RI H[SRVXUH WR GLIIHUHQW W\SHV RI UDGLDWLRQ"

�:KDW DUH VRPH RI WKH WHFKQLFDO GLIILFXOWLHV DULVLQJ

RXW RI QXFOHDU ZDVWH GLVSRVDO"

�:KDW DUH WKH ULVNV DQG EHQHILWV RI WKH XVH RI QXFOHDU

HQHUJ\ IRU SHDFHIXO SXUSRVHV"

� +RZ ELRGHJUDGDEOH LV QHZVSDSHU LQ D ZDVWH GLVSRVDO

VLWH"

3K\VLFDO 6FLHQFH

� &DQ ILEUHV H[DPLQHG XQGHU D PLFURVFRSH EH XVHG WR

LGHQWLI\ GLIIHUHQW W\SHV RI FORWKLQJ"

�:KLFK EUDQG RI EDWWHULHV UHDOO\ ODVWV ORQJHU"

�:KDW W\SHV RI EDWWHULHV ZRUN WKH EHVW LQ FROG

ZHDWKHU"

� +RZ DUH WKH YLVFRVLWLHV RI GLIIHUHQW JUDGHV RI PRWRU

RLO DIIHFWHG E\ WHPSHUDWXUH"

�:KDW DUH VRPH ZD\V LQ ZKLFK VRLO HURVLRQ FDQ EH

PLQLPL]HG"

�:KDW GLIIHUHQFHV FDQ EH REVHUYHG EHWZHHQ SK\VLFDO

DQG FKHPLFDO FKDQJHV"

�:KDW DUH VRPH REVHUYDEOH FKDQJHV WKDW ZRXOG

LQGLFDWH WKDW D FKHPLFDO FKDQJH KDV WDNHQ SODFH"

�:KDW DUH VRPH RI WKH GLIIHUHQW NLQGV RI FKHPLFDO

UHDFWLRQV WKDW FDQ WDNH SODFH"

�:KDW H[SHULPHQW�V� FDQ EH SHUIRUPHG WR LQYHVWLJDWH

WKH FRQVHUYDWLRQ RI PDWWHU DQG HQHUJ\ LQ FKHPLFDO

UHDFWLRQV"

�:KDW H[SHULPHQW�V� FDQ EH SHUIRUPHG WR LOOXVWUDWH

WKH /DZ RI &RQVHUYDWLRQ RI 0DVV RU WKH /DZ RI

&RQVWDQW &RPSRVLWLRQ"

� 5HVHDUFK WKH V\VWHP RI QRPHQFODWXUH XVHG IRU

FKHPLFDOV�

� +RZ FDQ PRGHOV EH XVHG WR LOOXVWUDWH WKH FKDQJHV

WKDW WDNH SODFH GXULQJ FKHPLFDO UHDFWLRQV"

� 5HVHDUFK PRGHUQ DWRPLF WKHRU\� +RZ KDV DWRPLF

WKHRU\ FKDQJHG RYHU WKH SDVW KXQGUHG \HDUV DV QHZ

H[SHULPHQWDO HYLGHQFH EHFDPH DYDLODEOH"

�:KDW DUH VRPH RI WKH IDFWRUV ZKLFK DUH SODFLQJ

VWUHVV RQ WKH ZRUOG
V UHVRXUFHV"

� +RZ FDQ FRQVHUYDWLRQ EH XVHG DV D VWUDWHJ\ IRU

SURWHFWLQJ DQG H[WHQGLQJ DYDLODEOH HQHUJ\ VXSSOLHV"

� +RZ GR FKHPLFDOV XVHG LQ FURS SURWHFWLRQ ZRUN"

�:KDW DUH WKH VWDQGDUGV DQG SURFHGXUHV IRU

LGHQWLI\LQJ FDUFLQRJHQV"

� +RZ DUH DFFHSWDEOH VWDQGDUGV IRU OHYHOV RI WR[LQV LQ

ZDWHU RU DLU HVWDEOLVKHG"

�:KDW DUH VRPH RI WKH ORQJ�WHUP LPSOLFDWLRQV LI

FXUUHQW HQHUJ\ XVH SDWWHUQV DUH H[WUDSRODWHG LQWR

WKH IXWXUH"

�:KDW LPSOLFDWLRQV GRHV JOREDO SRSXODWLRQ LQFUHDVH

KDYH RQ ORQJ�WHUP HQHUJ\ GHPDQGV"

�:KDW LPSOLFDWLRQV GRHV WKLUG�ZRUOG GHYHORSPHQW

KDYH RQ ORQJ�WHUP HQHUJ\ GHPDQGV"

� +RZ FDQ FRPPXQLWLHV ZRUN WRJHWKHU WR KHOS SURWHFW

WKH HQYLURQPHQW"

� 'HYHORS D ZRUNLQJ PRGHO WR VKRZ KRZ HQHUJ\ FDQ EH

FRQYHUWHG IURP RQH IRUP WR DQRWKHU�

� ,OOXVWUDWH ZD\V LQ ZKLFK VFLHQFH DQG WHFKQRORJ\ FDQ

XWLOL]H HQHUJ\ HIILFLHQWO\�

� 5HVHDUFK DWWHPSWV EHLQJ PDGH WR SURPRWH WKH

FRQFHSW RI VXVWDLQDEOH GHYHORSPHQW�

� ,OOXVWUDWH WKH UHODWLRQVKLS EHWZHHQ NLQHWLF PROHFXODU

WKHRU\ DQG HQHUJ\�

� ,QYHVWLJDWH WKH ORQJ�WHUP LPSOLFDWLRQV RI WKH

FRQWLQXHG XVH RI IRVVLO IXHOV�

� 'HYHORS D GHYLFH ZKLFK XVHV VRODU HQHUJ\ LQVWHDG RI

FRQYHQWLRQDO IRVVLO IXHOV�

� (YDOXDWH GLIIHUHQW RSWLRQV UHJDUGLQJ HQHUJ\ XVH

PDQDJHPHQW�

/LIH 6FLHQFH

� 2EVHUYH DQG GHVFULEH FHOOV XVLQJ D PLFURVFRSH�

� 'HYHORS D SRUWIROLR RI SKRWRJUDSKV XVLQJ

SKRWRPLFURVFRS\�

� &RPSDUH WKH UHVROYLQJ SRZHU RI GLIIHUHQW W\SHV RI

PLFURVFRSHV�

�:KDW HIIHFW GR HOHFWULF ILHOGV KDYH RQ SODQW JURZWK RU

FHOO GHYHORSPHQW"

� +RZ GRHV VRLO FRPSRVLWLRQ DIIHFW WKH \LHOG RI D

SDUWLFXODU FDVK FURS"

� +RZ GR GLIIHUHQW W\SHV RI FHOOV FRPSDUH LQ VL]H DQG

RWKHU SK\VLFDO FKDUDFWHULVWLFV"

�:KDW DUH VRPH RI WKH GLIIHUHQW SDUWV RI FHOOV"

� +RZ GR VSHFLDOL]HG JURXSV RI FHOOV ZRUN WRJHWKHU"

�:KDW LV FHOO GLIIHUHQWLDWLRQ" :KDW PHFKDQLVPV

PLJKW EH UHVSRQVLEOH IRU FDXVLQJ WKLV"

� +RZ GRHV GLIIXVLRQ RFFXU WKURXJK FHOO PHPEUDQHV"

� &DQ DURPDWLF VXEVWDQFHV IRXQG LQ SODQWV EH

SURGXFHG DUWLILFLDOO\ LQ WKH ODERUDWRU\"

�:KDW DUH VRPH GLIIHUHQW KXPDQ ERG\ V\VWHPV"

� +RZ GRHV D SDUWLFXODU KXPDQ ERG\ V\VWHP RSHUDWH"

�:KDW DUH VRPH RI WKH UHODWLRQVKLSV WKDW H[LVW

EHWZHHQ GLIIHUHQW KXPDQ ERG\ V\VWHPV"

�:KDW ODERUDWRU\ LQYHVWLJDWLRQV FRXOG EH GHYHORSHG WR

LQYHVWLJDWH WKH FKDUDFWHULVWLFV RI KXPDQ ERG\

V\VWHPV"

� ,V VWUHQJWK UHODWHG WR OXQJ FDSDFLW\"

� ,V PD[LPXP OXQJ SUHVVXUH UHODWHG WR OXQJ FDSDFLW\"

�:KDW LV WKH PLQLPXP FRQFHQWUDWLRQ RI D �WDVWH�

FKHPLFDO WKDW FDQ EH GHWHFWHG"

�:KDW LV LQWHJUDWHG SHVW PDQDJHPHQW"

� +RZ FDQ WHFKQRORJLFDO GHYHORSPHQWV EH XVHG WR

VXVWDLQ D IDLOLQJ ERG\ V\VWHP"

� +RZ DUH GLVHDVHV DIIHFWLQJ KXPDQ ERG\ V\VWHPV

GLDJQRVHG DQG WUHDWHG"

�:KDW UHDVRQV DUH WKHUH IRU XVLQJ IRRG DGGLWLYHV"

� ,GHQWLI\ DQG FODVVLI\ D YDULHW\ RI IRRG DGGLWLYHV�
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�:KDW WHVWV FDQ EH SHUIRUPHG WR FKHPLFDOO\ DQDO\]H

WKH LQJUHGLHQWV RI IRRG"

�:KDW DUH VRPH RI WKH SRVVLEOH GDQJHUV RI IRRG

DGGLWLYHV"

�:KDW DUH VRPH RI WKH EHQHILWV RI IRRG DGGLWLYHV"

�:KDW VFLHQWLILF WHVWV PXVW EH SHUIRUPHG EHIRUH D

IRRG DGGLWLYH LV OLFHQVHG IRU KXPDQ FRQVXPSWLRQ"

�:KDW DUH VRPH RI WKH KLVWRULFDO DQG QHZ

WHFKQRORJLHV RI IRRG SURFHVVLQJ� SDFNDJLQJ� DQG

SUHSDUDWLRQ"

�:KDW W\SHV RI IRRG ZUDS ZRUN WKH EHVW"

� +RZ DUH QHZ IRRG SURGXFWV GHYHORSHG� FHUWLILHG DQG

PDUNHWHG"

�:KDW LV WKH EHVW ZD\ WR SUHYHQW IUHH]HU EXUQ"

� +RZ HIIHFWLYH DUH GLIIHUHQW W\SHV RI GHWHUJHQWV DQG

DQWLVHSWLFV LQ FRQWUROOLQJ EDFWHULD"

�:KDW LV WKH LPSRUWDQFH RI HDFK RI WKH PDLQ IRRG

QXWULHQW JURXSV" +RZ GRHV WKH ERG\ XWLOL]H HDFK"

�:KDW LV ILEUH" :K\ LV LW LPSRUWDQW LQ WKH GLHW"

�:KDW DUH WKH SRWHQWLDO ULVNV RI GLHWV LQYROYLQJ KLJK

RU ORZ DPRXQWV RI VXEVWDQFHV VXFK DV VXJDU� IDW�

FKROHVWHURO� VRGLXP� FDIIHLQH� RU DOFRKRO"

�:KDW DUH VDWXUDWHG DQG XQVDWXUDWHG IDWV"

� &DQ SHRSOH WHOO WKH GLIIHUHQFH EHWZHHQ WKH WDVWH RI

EXWWHU DQG PDUJDULQH"

�:KDW FKHPLFDO SURFHVVHV FDQ EH XVHG WR DOWHU WKH

VWUXFWXUH RI IDW PROHFXOHV"

�:KDW LV WKH QXWULWLRQDO DQG FDORULF FRQWHQW RI

GLIIHUHQW IRRGV RU GLHWV"

� +RZ LV WKH QXWULWLRQDO YDOXH RI IRRG FKDQJHG E\

SUHSDULQJ� SURFHVVLQJ� RU FRRNLQJ LW"

�:KDW W\SHV RI GLVHDVHV PD\ UHVXOW IURP QXWULWLRQDO

GHILFLHQFLHV"

�:KDW DUH VRPH RI WKH DGYDQWDJHV DQG GLVDGYDQWDJHV

RI YHJHWDULDQ GLHWV"

� +RZ GR WKH KLVWRULFDO DQG FRQWHPSRUDU\ GLHWV RI

SHRSOH IURP GLIIHUHQW FXOWXUHV FRPSDUH LQ QXWULWLRQDO

YDOXH"

�:K\ DUH WKH UHFRPPHQGHG GLHWV RI PDOHV DQG

IHPDOHV� FKLOGUHQ DQG DGXOWV� DQG SUHJQDQW ZRPHQ

GLIIHUHQW"

� +RZ DQG ZKHQ ZHUH FURSV VXFK DV FRUQ �PDL]H��

SXPSNLQV� FDQROD DQG ZKHDW GHYHORSHG"

� +RZ HIIHFWLYH LV SUHVHUYLQJ PHDWV E\ GU\LQJ DQG E\

PDNLQJ SHPPLFDQ"

&RPSXWHU 6FLHQFH

� +RZ DFFXUDWH DUH FDOFXODWRUV"

� &DQ DQ LQWHUIDFH GHYLFH EH GHVLJQHG WR PRQLWRU

ZHDWKHU FRQGLWLRQV FRQWLQXRXVO\"

� +RZ LV GDWD WUDQVIHU KDQGOHG EHWZHHQ GLIIHUHQW ,�2

GHYLFHV"

� +RZ FDQ PLFURZDYHV EH XVHG WR WUDQVPLW FRPSXWHU

GDWD"

� &DQ UDQGRP QXPEHUV EH XVHG WR VLPXODWH WKH

UDQGRP FROOLVLRQV LQ DQ LGHDO JDV"

� 3URJUDP WKH FRPSXWHU WR VLPXODWH DQ LQGXVWULDO

SURFHVV ZKLFK PD\ EH LPSUDFWLFDO WR LOOXVWUDWH LQ

DQRWKHU ZD\ LQ WKH FODVVURRP�

� 3URJUDP WKH FRPSXWHU WR VLPXODWH D FKDQJH LQ WKH

ODQG RYHU WLPH�

� +RZ FDQ D FRPSXWHU EH XVHG WR FRQWURO D URERW"

� 'HYHORS D YLGHR JDPH ZKLFK LOOXVWUDWHV DQ LPSRUWDQW

FRQFHSW LQ VFLHQFH

� +RZ FDQ D FRPSXWHU EH SURJUDPPHG WR IDFLOLWDWH

GDWD JDWKHULQJ DQG DQDO\VLV IRU D VSHFLILF

H[SHULPHQW"

$SSOLHG 6FLHQFH DQG (QJLQHHULQJ

�:KDW DUH VRPH RI WKH GHVLJQ FRQVLGHUDWLRQV UHTXLUHG

LQ FRQVWUXFWLQJ D VRODU KHDWHG KRPH"

�:KDW W\SH RI SURSHOOHU GHVLJQ LV WKH PRVW HIILFLHQW

IRU D ZLQG JHQHUDWRU"

� +RZ GR ODQGIRUPV DQG WDOO EXLOGLQJV DIIHFW ZLQG IORZ

SDWWHUQV"

�:KDW LV WKH RSWLPXP GHVLJQ IRU D VKHOWHU EHOW"

� +RZ GR GLIIHUHQW W\SHV RI KRPH LQVXODWLRQ FRPSDUH

LQ 5�YDOXHV"

� +RZ FDQ ODQGVFDSLQJ EH XVHG WR LPSURYH WKH HQHUJ\

HIILFLHQF\ RI D KRPH"

�:K\ GR WUDQVIRUPHUV VRPHWLPHV IDLO LQ KRW ZHDWKHU"

� +RZ FDQ YDULRXV FRQVXPHU SURGXFWV EH WHVWHG WR

GHWHUPLQH KRZ ZHOO WKH\ SHUIRUP"

� +RZ FDQ D ZHLU EH FRQVWUXFWHG WR SURYLGH

R[\JHQDWLRQ LQ D ULYHU ZLWKRXW EORFNLQJ WKH

PLJUDWLRQ RI DTXDWLF VSHFLHV"

� +RZ FDQ D UHFRYHU\ SODQW EH GHVLJQHG WR UHF\FOH

SODVWLFV"

�:KDW DUH WKH GHVLJQ FRQVLGHUDWLRQV IRU DQ LQWHQVLYH

DJULFXOWXUDO RSHUDWLRQ"

� &DQ D GHYLFH EH GHVLJQHG WR FRPPHUFLDOO\ FRQYHUW

DQLPDO PDQXUH LQWR PHWKDQH JDV"

�:KDW W\SHV RI ELRGHJUDGDEOH LQNV FDQ EH XVHG IRU

QHZVSULQW"

� +RZ FDQ DQ HQFORVXUH EH GHVLJQHG WR NHHS D

SDUWLFXODU W\SH RI DQLPDO VDIH DQG FRPIRUWDEOH LQ WKH

FODVVURRP"

� +RZ FDQ DQ HQFORVXUH EH GHVLJQHG WR NHHS D

SDUWLFXODU W\SH RI DQLPDO VDIH DQG FRPIRUWDEOH

RXWGRRUV DW ����&"

� +RZ FRXOG D JUHHQKRXVH EH GHYHORSHG WR H[SORLW

ZDVWH KHDW LQ DQ LQGXVWULDO IDFLOLW\"

� +RZ FDQ D ZDWHU ZKHHO EH GHVLJQHG PRVW HIILFLHQWO\

WR FRQYHUW SRWHQWLDO HQHUJ\ LQWR PHFKDQLFDO HQHUJ\"

� +RZ FRXOG D GHWHFWRU EH GHVLJQHG WR DQDO\]H

DXWRPRELOH H[KDXVW HPLVVLRQV"

� ,V LW SRVVLEOH WR GHYHORS D GHYLFH WR WHVW IRU WKH

DPRXQW RI DOFRKRO SUHVHQW LQ D SHUVRQ
V VDOLYD"

6WXGHQW 3URMHFW &KHFNOLVW
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0DNH VXUH WKDW WKH 6FLHQFH )DLU SURMHFW \RX DUH

ZRUNLQJ RQ FRQIRUPV WR WKH IROORZLQJ JXLGHOLQHV�

7KHVH DUH JHQHUDO JXLGHOLQHV WKDW DSSO\ WR PDQ\

6FLHQFH )DLUV� &KHFN WKH UXOHV IRU WKH 6FLHQFH )DLU \RX

ZLOO EH HQWHULQJ� 7KHUH PD\ EH VRPH VSHFLDO UXOHV

ZKLFK DSSO\�

7KH H[KLELW LV QR PRUH WKDQ ��� P KLJK� ��� P

ZLGH� DQG ��� P GHHS�

+D]DUGRXV PDWHULDOV DUH QRW EHLQJ XVHG� ,I

KD]DUGRXV PDWHULDOV DUH XVHG� ZKLFK VXSHUYLVLQJ

WHDFKHU DSSURYHG WKHLU XVH"

�QDPH�

,I DSSOLFDEOH� KD]DUGRXV VXEVWDQFHV DUH UHSODFHG

E\ VDIHU RQHV�

3UHVVXUL]HG FRQWDLQHUV ZLWK VDIHW\ YDOYHV DUH

XVHG�

7KHUH DUH QR RSHQ IODPHV LQ WKH H[KLELW�

(OHFWULFDO FRQGXFWRUV KDYH WKUHH�SURQJ JURXQGHG

FRQQHFWRUV�

(OHFWULFDO FRQGXFWRUV DUH SURSHUO\ LQVXODWHG�

9ROWDJHV DERYH �� N9 DUH QRW JHQHUDWHG�

/DVHUV DUH QRW RSHUDWHG GXULQJ SXEOLF GLVSOD\�

+LJK HQHUJ\ UDGLDWLRQ VRXUFHV DUH UHJLVWHUHG DQG

DSSURYHG IRU XVH� LI DOORZHG�

5DGLRLVRWRSHV DERYH WKH OHYHO RI EDFNJURXQG

UDGLDWLRQ DUH QRW XVHG�

,I YHUWHEUDWHV DUH XVHG LQ WKH SURMHFW� ZKLFK

VXSHUYLVLQJ WHDFKHU DSSURYHG WKHLU XVH"

�QDPH�

3URFHGXUHV ZKLFK FRXOG KDUP RU GLVWUHVV DQLPDOV

DUH QRW XVHG�

$OO PLFURELDO FXOWXUHV DUH VHDOHG�

3DWKRJHQLF RUJDQLVPV DUH QRW XVHG�

([SHULPHQWDO PDQLSXODWLRQ ZLWK UHFRPELQDQW

'1$ LV QRW GRQH�

%LRORJLFDO WR[LQV DUH QRW RQ GLVSOD\�

7HDFKHU
V QRWHV
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7RSLF�'����6FLHQFH�2O\PSLFV

6FLHQFH 2O\PSLFV DUH VWUXFWXUHG DFWLYLWLHV HQJDJLQJ

VWXGHQWV LQ VRPH NLQG RI 6FLHQFH &KDOOHQJH� 7KH\ FDQ

LQYROYH DQ HQWLUH FODVV� EURNHQ GRZQ LQWR WHDPV�

ZRUNLQJ RQ WKH VDPH SUREOHP� RU D QXPEHU RI VWDWLRQV

ZKLFK JURXSV ZRUN WKURXJK LQ URWDWLRQ� 7KH DFWLYLWLHV

RIIHU HQULFKPHQW WR WKH VFLHQFH SURJUDP� )XUWKHU

GHWDLOV UHJDUGLQJ WKHVH WRSLFV DUH SURYLGHG LQ 6FLHQFH

3URJUDP 2YHUYLHZ DQG &RQQHFWLRQV .����

0DQ\ UHVRXUFH PDWHULDOV DUH EHFRPLQJ DYDLODEOH ZKLFK

RIIHU VXJJHVWHG 6FLHQFH 2O\PSLFV DFWLYLWLHV� 6XFK

DFWLYLWLHV PD\ EH XVHG DV LV� RU PRGLILHG GHSHQGLQJ RQ

WKH QHHGV DQG LQWHUHVWV RI WKH FODVV� DQG WKH W\SHV RI

HTXLSPHQW DQG PDWHULDOV DYDLODEOH� )RU D OLVWLQJ RI

UHVRXUFHV ZKLFK PLJKW RIIHU VRPH VXJJHVWHG DFWLYLWLHV

IRU 6FLHQFH 2O\PSLFV� UHIHU WR 6FLHQFH ��� $

%LEOLRJUDSK\ IRU WKH 6HFRQGDU\ /HYHO�

2QH LGHD ZKLFK LV JDLQLQJ SRSXODULW\ LV WKH 6XSHU

6FLHQFH 6DWXUGD\� ,W SURYLGHV VWXGHQWV ZLWK DQ

RSSRUWXQLW\ WR EHFRPH LQYROYHG LQ 6FLHQFH 2O\PSLFV RQ

D YROXQWDU\ EDVLV� ,QWHUHVW LQ VXFK SURJUDPV LV

XVXDOO\ KLJK� DWWUDFWLQJ WKRVH VWXGHQWV ZKR DUH KLJKO\

PRWLYDWHG DQG NHHQ RQ H[SORULQJ D VFLHQFH FKDOOHQJH�

7KHVH SURJUDPV DUH DOVR XVHIXO GXULQJ (GXFDWLRQ

:HHN� RU GXULQJ WKH VFKRRO
V RSHQ KRXVH� 3DUHQW DQG

FRPPXQLW\ LQWHUHVW FDQ EH TXLWH KLJK� 7KHVH DFWLYLWLHV

VHUYH WR PDNH VFLHQFH HQMR\DEOH� DQG PD\ OHDG VRPH

VWXGHQWV WR FRQVLGHU UHJLVWHULQJ IRU RWKHU 6HFRQGDU\

/HYHO VFLHQFH FRXUVHV�

,QGLYLGXDO RU WHDP SURMHFWV PD\ EH XVHG� $ JUHDW GHDO

RI FUHDWLYLW\ FDQ JR LQWR WKHVH SURMHFWV�

6FLHQFH 2O\PSLFV FDQ EH KLJKO\ RUJDQL]HG DQG

VWUXFWXUHG OLNH D 6FLHQFH )DLU� 8QOLNH D 6FLHQFH )DLU�

ZKLFK GLVSOD\V SURMHFWV WKDW VWXGHQWV KDYH FUHDWHG DQG

GHYHORSHG RQ WKHLU RZQ� D 6FLHQFH 2O\PSLFV

SURYLGHV VWXGHQWV ZLWK D JLYHQ QXPEHU RI FKDOOHQJLQJ

VFLHQFH SUREOHPV WR VROYH ZLWKLQ D IL[HG DPRXQW RI

WLPH� 7KH SUREOHPV DUH XVXDOO\ RSHQ�HQGHG� \LHOGLQJ D

YDULHW\ RI FUHDWLYH VROXWLRQV� 6WXGHQWV PXVW GUDZ RQ D

ZLGH UDQJH RI VFLHQWLILF NQRZOHGJH DQG VNLOOV LQ RUGHU

WR DWWHPSW D VROXWLRQ WR WKH SUREOHPV� &RRUGLQDWLQJ

SURMHFWV ZLWK RWKHU VFKRROV FRXOG EH ZRUWK SXUVXLQJ�

&RPSHWLWLRQ VKRXOG QRW EH HPSKDVL]HG� 3DUWLFLSDWLRQ

DQG ZRUNLQJ FRRSHUDWLYHO\ ZLWK RWKHUV DUH PXFK PRUH

LPSRUWDQW� (YHU\RQH ZKR SDUWLFLSDWHV LQ D 6FLHQFH

2O\PSLFV ZLQV LQ RQH ZD\ RU DQRWKHU� ,I SUL]HV DUH

DZDUGHG� FRQVLGHU GLVWULEXWLQJ FHUWLILFDWHV RI

SDUWLFLSDWLRQ DQG FRQVRODWLRQ SUL]HV WR HYHU\RQH�

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

'���� SDUWLFLSDWH LQ D 6FLHQFH 2O\PSLFV SURJUDP�

'���� UHFRJQL]H WKH QHHG WR ZRUN FRRSHUDWLYHO\ ZKHQ

GHYHORSLQJ D VROXWLRQ WR D 6FLHQFH 2O\PSLFV

SUREOHP�

'���� XWLOL]H D ZLGH UDQJH RI NQRZOHGJH DQG VNLOOV

GXULQJ D 6FLHQFH 2O\PSLFV�

'���� GHPRQVWUDWH WKDW SUREOHP VROYLQJ LQ VFLHQFH

RIWHQ LQYROYHV LPDJLQDWLRQ DQG FUHDWLYLW\�

'���� UHFRJQL]H WKDW PDQ\ SUREOHPV DUH KROLVWLF LQ

QDWXUH� RIIHULQJ D ZLGH YDULHW\ RI SRVVLEOH

DSSURDFKHV DQG VROXWLRQV�

'���� FRQGXFW D VHOI�HYDOXDWLRQ RU JURXS�HYDOXDWLRQ

RI D 6FLHQFH 2O\PSLFV DFWLYLW\�

'���� EHFRPH DFTXDLQWHG ZLWK WKH UXOHV DQG MXGJLQJ

FULWHULD XVHG GXULQJ 6FLHQFH 2O\PSLFV�

'���� FRPSOHWH DOO QHFHVVDU\ ZULWWHQ UHSRUWV DQG

GRFXPHQWDWLRQ UHODWHG WR D 6FLHQFH

2O\PSLFV DFWLYLW\� DQG�

'���� H[KLELW D NHHQ LQWHUHVW LQ VFLHQFH�

7HDFKHU
V QRWHV



���

7RSLF�'����6FLHQFH�2XWUHDFK

7KLV WRSLF SURYLGHV DQ RSSRUWXQLW\ IRU WHDFKHUV DQG

VWXGHQWV WR H[SHULHQFH YDULRXV DVSHFWV RI VFLHQFH

ZLWKLQ DQG EH\RQG WKH FRQILQHV RI WKH FODVVURRP� $

6FLHQFH 6DIDUL UHIHUV WR D YDULHW\ RI ILHOG WULS

DFWLYLWLHV WR RXWGRRU RU QRQ�VFKRRO LQGRRU VLWHV�

$FWLYLWLHV FRXOG LQFOXGH DQ LQWHUSUHWLYH KLNH DORQJ D

QDWXUH WUDLO� D YLVLW WR D PXQLFLSDO ZDWHU WUHDWPHQW RU

ZDVWH GLVSRVDO IDFLOLW\� RU D YLVLW WR VRPH LPSRUWDQW

QHDUE\ LQGXVWULDO VLWH�

&UXFLDO WR D VXFFHVVIXO H[SHULHQFH LV WKH SUHOLPLQDU\

SUHSDUDWLRQ IRU WKH 6FLHQFH 6DIDUL� DQG WKH IROORZ�XS

DFWLYLWLHV� 7KH WLPH UHTXLUHG WR GR WKLV PXVW EH

FRQVLGHUHG� )XUWKHU LQIRUPDWLRQ LV DYDLODEOH LQ

6FLHQFH 3URJUDP 2YHUYLHZ DQG &RQQHFWLRQV .����

5HIHU DV ZHOO WR WKH VHFWLRQ LQ WKLV &XUULFXOXP *XLGH

RQ ILHOG WULSV� EHJLQQLQJ RQ SDJH ��� DQG WR 7HDFKLQJ

6FLHQFH 7KURXJK $ 6FLHQFH�7HFKQRORJ\�6RFLHW\�

(QYLURQPHQW $SSURDFK� $Q ,QVWUXFWLRQ *XLGH�

:KLOH WKH 6FLHQFH 6DIDUL H[WHQGV WKH VFLHQFH

FODVVURRP LQWR WKH FRPPXQLW\� WKH FRPPXQLW\ FDQ DOVR

EH EURXJKW LQWR WKH FODVVURRP DV VFLHQFH JXHVWV�

6SHDNHUV� VFLHQFH FDUHHUV VHPLQDUV� DQG FURVV�FXOWXUDO

H[SHULHQFHV EULQJ WKH VFLHQFH ZKLFK LV GRQH LQ WKH

FRPPXQLW\ WR WKH VWXGHQWV LQ WKH VFKRRO�

6FLHQFH 2XWUHDFK LV HQFRXUDJHG LQ DOO VFLHQFH

FRXUVHV IURP NLQGHUJDUWHQ WR JUDGH ��� 7KH 6FLHQFH

&KDOOHQJH &RUH 8QLW SURYLGHV DQ RSSRUWXQLW\ IRU

WHDFKHUV WR LQWHJUDWH RXWUHDFK DFWLYLWLHV ZLWK RWKHU

FRUH XQLWV RI WKH FRXUVH� DV ZHOO DV ZLWK RWKHU

GLVFLSOLQHV�

7KLV XQLW SUHVHQWV DQ RSSRUWXQLW\ WR SURGXFH UHSRUWV�

YLGHRV� VOLGH�WDSH SUHVHQWDWLRQV RU SRVWHUV ZKLFK FDQ

FRQYH\ WKH GLVFRYHULHV RI WKH 6FLHQFH 2XWUHDFK WR

RWKHUV� &RRSHUDWLRQ ZLWK HOHPHQWDU\ VFKRRO WHDFKHUV

PD\ UHVXOW LQ WKH SURGXFWLRQ RI D SDFNDJH IRU WHDFKHUV

RU PD\ DOORZ WKH 6FLHQFH �� VWXGHQWV WR JLYH

SUHVHQWDWLRQV WR HOHPHQWDU\ OHYHO VWXGHQWV�

/HDUQLQJ 2EMHFWLYHV

6WXGHQWV VKRXOG EH SURYLGHG ZLWK RSSRUWXQLWLHV WR�

'���� SDUWLFLSDWH LQ 6FLHQFH 2XWUHDFK DFWLYLWLHV�

'���� UHFRJQL]H WKH QHHG WR ZRUN FRRSHUDWLYHO\ ZLWK

RWKHUV GXULQJ D 6FLHQFH 6DIDUL�

'���� XWLOL]H D ZLGH UDQJH RI NQRZOHGJH� VNLOOV� DQG

SURFHVVHV GXULQJ D 6FLHQFH 6DIDUL�

'���� UHFRJQL]H WKDW XQGHUVWDQGLQJV LQ VFLHQFH

H[WHQG DFURVV WKH HQWLUH FXUULFXOXP�

'���� FRPSOHWH D ZULWWHQ UHSRUW �RU VRPH RWKHU

WDQJLEOH SURGXFW VXFK DV D EXOOHWLQ ERDUG

GLVSOD\� DQ RUDO SUHVHQWDWLRQ� RU D 6FLHQFH

)DLU SURMHFW� EDVHG RQ 6FLHQFH 2XWUHDFK

DFWLYLWLHV�

'���� H[KLELW D NHHQ LQWHUHVW LQ VFLHQFH�

'���� GHPRQVWUDWH D ZLOOLQJQHVV WR OHDUQ�

'���� UHFRJQL]H WKH LQWHUUHODWHGQHVV RI DOO WKLQJV�

DQG�

'���� FRQGXFW D VHOI�HYDOXDWLRQ RU JURXS�HYDOXDWLRQ

RI D 6FLHQFH 2XWUHDFK DFWLYLW\�

7HDFKHU
V QRWHV


