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TKH+ ( %1HWHQ$, 5RERWEV,QUDWYH IOFXGHG
QMDPAYH $, DAHP EQHV

3HSSHUKXP DQRIG URERWGHP ROVADARQV

1 DR KXP DQRIG IRERWGHP ROVADVMRQV

$, HWLEV GVRXWMRQV

&DUHHUH SRUDARQ

: RUN RUFH UHDGLOHW FRQYHU/DARQV

4 XHVWRQ DQG DQVZ HUMHWIRQV
BVGHQAQM DPARQ Z MK UIRERWEY WIFKQRBR\
( GXFDRUHQIDIHP HQW

BFKRROFRP P XQW SDURHUKISV

7RIHWHU WHVH H SHUHQPHY FUHDWG DQ HQIDJLQJ GDUQIQ) HOYILRQP HQWZ KHUH
AXGHQW FRX@ P DILQH WHP VHOHV FRQMEXWQJ VR WH I XWWUH Rl DUAILELDO

LOM@I HOFH IDWHUWDQ VP S® REVHUMQJ W

4 h

\. J

6WXGHQWYV H[SHULHQFHG DUWLILFLDO LQWHOOLJHQFH DV DQ LQWHUDFWLYH OHDUQ!I
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$ U LADAQW@I HQFH LV LDSIG® WDQMRLP 1QJ
HYHU P DRUIQGXVM (P S& HW/ QRZ VHHN
IOGIVIGXDAY Z W \WIRKQIEDCH, SHIAVH FUMFDO
WIONQJ FLRW GVAS@DY FRAERWDARQ
SWREGP \VROLQJ W@ DQG DGDSVEELDN \R
HYROLQ) WIFKQR®JILHV

7RGD. VHOP HOBU \WXGHQW Z [@HOMU
FDUHHW/ VKDSHG E\ DUAIADAQW@I HOFH
0 DQ IXVXUH NREV GR QRW HWH MAVDQG
FXUHOWBLRIHWRQV Z L@GHP DQG QHZ
WIFKQIFDCDQG GLIMBODMDR W@ ( DUD
H SRVXUH ViR DUAIFDAQWM HQFH LV QRZ
HWHQWDA RUZ RUNIRUFH SUHSDUDARQ QRW
P HIH® DQ RSWRQDCHQUEKP HQW

VIV HTXD@® [P SRUBQWIR KHS \WXGHQW
XQGHUAQG WDVDUA!LE DOQWIR) HQFH LV
IXQGDP HQWB@ D KXP DQ GUYHQ WIFKQR®J\
,QGLYIGXDY GHVLI Q DORUWP V FRGPWGDVD
VHWHWIEDOWRQGDLEY HYDOXDW RXVRP. HV
DQG GHAGH KRZ WIFKQR®J\ VHUHV VRAHW
BVGHQW VKRX@ LHRIQ H WDV, VP RW
HITHPWYH Z KHQ FRP ELQHG Z IW FUHDWHW

HP SD\ HWIFDOLHDVRQIQJ DQG KXP DQ
MGIP HOW

7TKH+ ( %1HWHQ$, SRERWEV,QUDAYH
LHQI RUFHG WHVH SUQASBVE\ WKRZ IQJ

\AXGHQW WDWDUAILFLDAQWED) HOFH LV D VRRO
VR H SDQG KXP DQ SRWQWDO QRWHS@FH LW




7KWRXIK GIVFXWWRQV RQ UHVSRQVE® [QQRYDURQ MGHOW H SBRUHG TXHVARQV
VXK DV

+RZ FDQ$, IP SLRYH SHRS®IV Q/HV"

: KDWHVSROUELQAHV FRP H Z WK FUHDWQ LW HQWA VIMP '
+RZ FDQWIFKQR®J\ EH GHMJIQHG | DILD DQG HWIFD®D"

: KDWADLHHW/ Z L@KHS VKDSHWH IXWHRI $,"

7KHVH FRQYHU/DWRQV HOFRXUDI HG WXGHQW \R BRN EH\ RQG WIFKQR®J\ DQG

FROMGHUKRZ LQORYDWRQ FDQ DGGLHW UHDOZ RUG FKD@IQIHVIQ FRP P XQMEV
JBREDD®

%A LQYHVAQ LQ HDUD $, HGXFDARQ + ( %LV FXGYDWQ) D JHOHUDARQ SLHSDUHG
VR XVH DQG LVSRQUE® GHYH®RS HP HULQ) WIFKQR®IIHV 7KLY LIQYHWR HOW
VWHQIWHQV 7H DV 1XVUH Z RUNIRUFH DQG SLRP RV LOQRYDWRQ HARQRP LE
FRP SHWAYHOHW DQG HTXIVBE®I DFFHW\R 67( 0 RSSRUMQIMEV

$ UM LHDAQWA@I HOFH Z LOORWHSOFH KXP DQ SRWAMDO IWZ L@DP S\
VKH FULHDWYIW  LQORYDMRQ DQG SLIREGIP VRQATQJ DEIMAHV RI VMRVH
SUHSDUHG VR XVH MUHVSROMEO®

& 67(0 ( GXFDIRQDCBKLERVRSK\
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QWH SIRIWDP \HDUWH+ ( %1 HWHQS$, SRERWEV,QMDWYH
HUDIHGRYHU  VWXGHQWIWRP WUHH 7H DVVAKRROA VWP VIQ [P P HUAYH
DUAILELDAQW@I HOFH DQG UIRERWEY H SHUHQRHV ( DFK FDP SXV FRQMEX\WG W

GIWVMOPNHGXFDWRQDCHQYILRQP HQWD@FRP P WG VR SUHSDUQ) WXGHQW IRU
VXFFHW 1Q D WIFKQR®J\ GUYHQ Z RUTS

R

7KH LQMDWYH VHIYHG VWMXGHQW DAP XGAS®1 JUDGH GIVHY IQWRGXAQT $, FRQFHSW
1Q GHYHBRSP HQ DSSURSUDW Z D\ V DQG FROVMMOQUD HP SKDM] LQJ H SBRUMRQ
IOTXIY  DQG | XWWUH FDUHHUDZ DUHQHW
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%HDWULFH OD\HV ,QVWLWXWH
6WDIIRUG OXQLFLSDO 6FKRRO 'LVWULFW
6KHOGRQ ,QGHSHQGHQW 6FKRRO 'LVWULFW

7TRWDO 6WXGHQWYV ,PSDFWHG

: KLIB HDRK GMMBPVWHUYHY WYXGHQW Z IW GMORNOHHGV DQG FRP P XQIW
FROM W WH LOMDWYH XVHG D XQULHG HGXFDWRQDA WP HZ RUINWR LQWRGXFH
DU IHDAMWA) HORH WLRXJI K LOWMUDPWYH GHP ROWMDWRQV FRMERWDWYH
GM-XWRQV DQG FRQOHPAWRQV WR [ XVXUH FDUHHWY

,Q DOKUHH VFKRROA VWP V \AXGHQW VKRZ HG HOWXMDWP | RUGDLQIQ]
SDUAFLSDWG DRAYHO 1Q GIVAXWIRQV DQG HQIDIHG Z WK 3HSSHUDQG 1 DR
WILRXJIK WRXI KWXOT XHVMRQV ( GXFDVRYY FROWMOWD REVHUHG VAWRQJ
SDUARLSDWRQ DV VWXGHQW H SRUHG KRZ  DUAILALDAIQW HQFH UHDWAV VR WHU
LOWMUHW DQG | XWXUH JRDY

7KH Z IGH JHRIWDSKIE UHDFK Rl WL LQMDWYH GHP ROVADW WH YDOH Rl \FDDEG!
SDURHUAKISV DP RQI FRUBRUDWRQV QRQSURIIW DQG VRKRROGMMEW %4
LOYHVAQJ [Q P XGAS®IFRP P XQWHV + ( %H SDQGHG HTXIVE®I DFFHW \R

WHKQR®J\ HGXFDMRQ DQG VXSSRUMG VKRR 1Q VWWHQIWHQLQJ 67(0 DU
DO OQHG Z IW Z RIN RUAH GHYHBRSP HOWSURUWHYV
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6WXGHQWYV | 6FKRRO 6\’ +XPDQRLG 5 6KDUHG ¢
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7KH SURJUDP ZDV GHVLJQHG WR EH LPPHUVLYH HQJDJLQJ D¢
DQG 1DR DFWHG DV HGXFDWLRQDO DPEDVVDGRUV HQFRXUDJ
MRLQ GHPRQVWUDWLRQV DQG FRQVLGHU KRZ WHFKQRORJ\ F|
UHDO ZRUOG FKDOOHQJIHYV

TKURXJKRXW HDFK SUHVHQWDWLRQ VWXGHQWY H[SORUHG

e SUWLILFLDO LQWHOOLJHQFH IXQGDPHQWDOYV
e SRERWLFV V\VWHPV

e +XPDQ URERW LQWHUDFWLRQ

e (WKLFDO GHFLVLRQ PDNLQJ

e &ULWLFDO WKLQNLQJ

e &RPSXWDWLRQDO WKLQNLQJ

e QQRYDWLRQ DQG GHVLJQ

e )XWXUH 67(0 FDUHHUV

e 3UREOHP VROYLQJ VWUDWHJILHV

7KH H[SHULHQFH ZHQW EH\RQG URERWLF GHPRQVWUDWLRQV
GLVFXVVLRQV DERXW WKH LPSDFW RI LOQOWHOOLJHQW WHFKQR
UHVSRQVLELOLWLHY WLHG WR LQQRYDWLRQ DQG KRZ WKHLU
GLVFRYHULHYV

(GXFDWRUV QRWHG WKDW VWXGHQWYV VWD\HG KLJKO\ HQJDJH
LOQVLIKWIXO TXHVWLRQV DQG FRQQHFWHG FODVVURRP OHDU
3HSSHU DQG 1DR VSDUNHG GHHSHU FRQYHUVDWLRQV DERXW
KHDOWKFDUH EXVLQHVV HGXFDWLRQ DQG RWKHU SURIHVVL
LOQWHOOLJHQFH

ORVW LPSRUWDQWO\ WKH LQLWLDWLYH KHOSHG VWXGHQWV
WHFKQRORJ\ 7KURXJK KDQGV RQ LQWHUDFWLRQ ZLWK DGYDC
HQYLURQPHQW SDUWLFLSDQWY JDLQHG FRQILGHQFH LQ OHD
DQG EHJDQ WR VHH WKHPVHOYHV DV IXWXUH LQQRYDWRUV H
UHVHDUFKHUV HGXFDWRUV DQG OHDGHUYV

7TKH + ( % 1H[W*HQ $, S5RERWLFV ,QLWLDWLYH VKRZHG WKDW
VWDUWYVY ZLWK FXULRVLW\ :KHQ VWXGHQWY KDYH RSSRUWXQ|
DQG LPDJLQH WKH\ EHFRPH DFWLYH SDUWLFLSDQWY LQ VKD S
REVHUYHUV RI WHFKQRORJLFDO FKDQJH
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6V GHOW GL.GQ WAWGBIDUD DERXV\DUAL LHDA VA HOFH VIKH\
H SHUHOQFHG IWTXHWIRQHG IWDQG EHIDQ P DILQIQJ KRZ WKH\
FRX@ KHS WKDSH W | XWLH
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TKH+ ( %1HWHQ$, SRERWEV,QUDAYH DIP VQRWRQD VR LOARGXFH WXGHQW
VR HP HUJIQ) WIRKQRBJ\ EXVDOR VR LOVSILH FRQILGHQPH ELRDGHQ RSSRUMQUMEHV
DQG KHS \ RXQJ GDUHY/ VHH WHP VHIHV DV | XWWUH FROMEXVRWY/LQ D
WRKQR®RJ\ GUYHQ Z RUG

7KWRXJIK P P HUAYH GHP ROWADARQV LOMUIDPRYH GIDRIXH DQG H SRVXUH R
UHDOZ RUTS DUAILFDAQWE) HOFH DSSTDMRQV WXGHQW HQI DIHG 1Q GDUIQ]

EH RQG WDGIMRQDOFOMRRP  IOWAKPWRQ 7KH LOMDAYH | RAMUHG FXURVW

HOFRXWDI HG FUMFDOMIONIQ) DQG VKRZ HG KRZ. LQQRYDARQ FDQ DGGLHW

P HDQIQIIXCFRP P XQIW FKD@IQIHV

( YDXDUWRQ UHVXOV\KRZ  \WWDWHGXFDVWRYY FROMGHUHG WH LQWDWYH KLIKO

VXFPHWM XO6HYHQW QLOH SHUPHQWDWG WH SUHRVHQUMRQV DV KLIK® H I HPRYH 1O
HQI DI VWXGHQW DQG LOARGXAQ) DUMLEDAQWM HQFH FRQPHSW

$ GAWRQD® DJUHHG WH H SHUHORH DRI QHG Z I IXVKUH 67( 0 HGXFDARQ
DQG Z RIN RUAH GHYHBSP HQAJRDY 7KHVH 1LQGIQIV IQGIFDW WH LQMDAWYH

H 1 HPAYHO FRQQOHAMG FOVMIRRP  BDLOIQ) VR ELRDGHUGLVEX\WIRQV DERXWFDUHHU

UHDGIOHW DQG WIRKQREJ LEDAQORYDARQ

( GXFDRYY LHSRUMG VWRQD WXGHQWHQI DI HP HOWGXUQT WH SUHVHQUMRQV
6\GHQW SDUAFLSDWAG DPAYHD DVNHG WRXJIKWXOT XHWRQV DQG \KRZ HG

HOWXMDVP  Z KB LOMDPWQ) Z W 3HSSHUDQG 1 DR 7KH UIRERW VHUYHG DV

LOVAKXPARQDOMRE DQG FDBOWWV IRUIQTXIY  KHSLQ) WXGHQW XQGHUARQG KRZ
DUAILFDAQMI) HOFH UHDWAV VR GDIO® @H DQG | XWWUH FDUHHWY/

/
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% RQG WIFKQIEDONQRZ BIGIH WH LQMDWYH KHGHG WX GHOW VAHQIWHQ
HWHQWDA XWWUH DG\ FRP SHWIQAHV IQFXGIQY

o QUWDOMIONQY

e &RP P XQFDARQ

e &RMERUIMRQ

o QUDWIW

e 3WREGP \ROIQY

e (WIFDOHDVRQQ

o &XURVW

e QORYDARQP IQGWHW

7KHVH WDQV HLDE®! VNLGY DUH Z LGHO® UHARI QL] HG DV HWHQWDA RUVXFRHW 1Q DQ\
IQGXVM RUFDUHHUSDW

kou ..VN °@

7TKWIRXIK + ( %V 1IQYHWR HOWMMGHQW
([ SBRUHG | RXQGDWRQDAFRQFHSW LQ DUALFDAWY HOFH
&RQOHAMG FOWLRRP GDUQLQJ Z WK LHDOZ RUG WIFKQR®J\ DSSTDWRQY
( QIDUHG Z W DGYDQFHG LRERWEV 1Q DQ DIH DSSURSUDWM HQYLLRQP HQW
,QFUHDVHG DZ DUHQHWRI 67( 0 FDUHHWY DQG HP HULQJ LQGXMMHY
([ DP LOHG WH [P SRUBQFH RI LHVSROVE®! DQG HWIEDCS,
' HYHRSHG J UHDWIUFRQI LGHQRH [QMUDPWQ Z IW QHZ WIFKQRBILHV
([ SDQGHG WHUXQGHUARQGQJ RI LOQRYDWRQ DVDVRRARUIP SLRYIQJ
FRP P XQMHV

7KH LQMDWYHYV P RWAWI QU LFDQWRXWRP H Z DV D WKL WQ WXGHQOW

VHD SHUFHSVIRQ ,QWMDG Rl YLHZ LQJ DUA LFLDCLQWAGR] HQFH DV
VRP HVIKLQJ FLHDWAG E\ RWHUY P DQ\ EHIDQ VR VHH VIKHP VHOHV DV

| XVIKUH HQILOHHY/ FRP SXVMUVAHQWAV KHDEIKFDUH SURIHVWIRQDY
HQWHSUHQHXU/ HGXFDVRYY/ DQG LOQRYDVRUY Z KR FRX@ VKDSH VMH QH W
JHQHUDARQ Rl VFKQRERJ\
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5DWHG WKH SUHVHQWDWL 5HSRUWHG VWURQJ DOLJC ([SUHVVHG VWURQJ LOQWHUHVW L
HITHFWLYH LQ HQJDJLQJ \ 67(0 DQG ZRUNIRUFH H[SDQGLQJ IXWXUH SDUWQHUVKL

GHYHORSPHQW JRDOV RSSRUWXQLWLHYV
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7HDFKHUV DUH HVVHQWLDO LQ LGHQWLI\LQJ JHQXLQH VWXGH
'XULQJ WKH + ( % 1H[W*HQ $, 5RERWLFV ,QLWLDWLYH HGXFI

WKH H[SHULHQFH DV LQVSLULQJ UHOHYDQW DQG KLJKO\ HQ.
WKH LPSRUWDQFH RI LQWHJUDWLQJ LQGXVWU\ FRQQHFWHG 6

,QVWHDG RI SDVVLYHO\ REVHUYLQJ D SUHVHQWDWLRQ WHDF
TXHVWLRQ H[SORUH DQG FRQQHFW HPHUJLQJ WHFKQRORJLH
QRWHG WKDW WKH LQWHUDEWLYH QDWXUH RI 3HSSHU DQG 1D
SDVVLYH OLVWHQHUV LQWR HQWKXVLDVWLF SDUWLFLSDQWYV
LQWHOOLJHQFH ZRUNV DQG KRZ LW FDQ LPSURYH OLYHYV

6VX GHOW QVSLLDVIRQ

6WCGHOW Z HHH AWIG\WR VH $, FRP HWR @H DQG
IP P HGADWA® EHIDQ DWQJ TXHWRQV DERXWFDUHHY/

6\GHQW VKRZ HG JHOQXIOQH FXURMW Z KIBI H S&RUQI LRERWFY DUMIARDO

LOM@ HOFH DQG UHDWG HP HUILQJ WIFKQR®J\ SLRIHWRQV ( GXFDRY QRWMG
WDWKLY H SHUHQPH H SDQGHG WXGHQW DZ DUIHOHW RI SLHYIRX\VO
XQFROVGHIHG RSSRUMQMHY

5HDO; RUT/ HDUDLQJ

7KH SUHVHOMRQ KHSHG WXGHOW XQGHUAQG WDV,
I\ D VRROMDWFDQ P SLRYH @/HV DQG VROH SLREGP V

6\VXGHQW EHI DQ W VHH DUA IHDAQW@I HOFH DV D SIDRMDORRYZ. IW LHDCGZ. RUGS

DSSTDMRQV LQ [ HBV VXFK DV KHDOMFDUH HGXFDWRQ WDQVSRUMMRQ DQG RWHU
LOGX\AMHY WDWP SDPAGDI® @H

&DUHHU &RQOHRARQV

4 XHVWARQV JHDUHG WRZ DUG FDUHHWY DOG | XVXWH
RSSRUMQMWMHY UIHD@ UHVRQDWG Z IW RXUMMGHQW



7KH LQMDWYH VXFPHWI X@ @ONHG 67( 0 HGXFDARQ Z MK Z RIN RUAH UHDGIQHW E\
KHSLQ) WXGHQW XQGHUMIQG WDWRGD: V GDUQIQI H SHUHQAHV SUHSDUH WHP
IRURP RURZ VFDUHHWY/

, QWALDFVIYH ( QIDIHP HQW

6VMGHQW BRYHG [OMDPWQJ Z W WH LRERW DQG
WD\, HG HQJ DIHG WURXJ KRXWIKH SUAVHQIDARQ

3HSSHUDQG 1 DR RLHDWG P HP RUDE®! GBDLQIQ] P RP HOW WDWHQFRXUWDI HG
SDUAHASDARQ GIDRIXH DQG VXWRLOHG DWMAQWRQ WURXJ KRXVHDHK

SUVHRMRQ
4 N

0 °80a OAY° °@
$ARW HGXFDVRUUHVSRQWHV 1 LYH FROVMMQWIMHP HV
HP HJUHG

&XURVW
6VGHQW HDIHWD H SGUHG XQIDP LaDU K /
WIFKQR®IIHV

&RQI LGHQFH N
6\WGHQW EHFDP HP RUH FRP | RUBE®! GVFXWMQ] $,

FRQFHSW

(QIDIHP HQW

,QMDPRYH GHP RQVADMRQV VXWRIQHG KLIK BIYHY
Rl SDUAASDARQ

-
.

&DUHHUS Z DUHQHW
BVIGHQW EHI DQ FRQQHPWQ) FOVARRP GDLDIQI \R / \
| XWWUH SURIHVMRQV

5 HVSROVLE®Y , QQRYDVIRQ
BVGHQW UHFRI QL HG WDWIMPKQR®I\ VKRX@ EH
GHYHBRSHG HWIFD® DQG XVHG VR [P SURYH VRAHW /

7KHVH REVHUDAWRQV GHP ROVADW WDWP HDQIQIIX@67( 0 HEXFDARQ LY QRW
P HDVXUHG VROIO E\ NQRZ BIGIH DFTXIMMRQ EXVWDAR E\ WH FRQI LGHOFH
FXURVIW DQG DVSLLDARQV AXGHQW GHYHERS WURXJIK DXWHQUWE BDLQLQU

H SHUHQRHV
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SWHSDUQI WYXGHQW | RUWH | XVMUH LHT XILHV FRMERWIDWRQ EH RQG WH
FOWRRP 7KH+ ( %1HWHQS$, SRERWEV,QUWDWYH\KRZ VZ KDAFDQ EH

DRKIHYHG Z KHQ FRUISRWIDWM GDGHY QRQSWRIIW HGXFDWRY/ DQG VIKRRCGMWMEFW
Z RINVWRI HWHUWR VXSSRUANAMGHOWXFRHW

7KUIRXIK WLV [QMDWYH + ( %V IQYHR HOWH WIQGHG EH RQG FOMARRP
SUHVHQEMRQV | VWAAHQI WHQHG ULHDMRQWKLSY DP RQUI VAKRRY HGXFDVWRW/
FRP P XQIW RUDQ] DARQV DQG I DP LIHV DQG H SDQGHG DFFHW VR HP HUILQY
WIFKQRE®JIHVWDAP DQ. XGHOW P LI KWQRWRWHLZ [IVH HQFRXQMU

7KH L.QWDAYH GHP RQVADWAY KRZ MW LE SDUHUAKLSY FDQ GUYH HGXFDWRQDO
LOQRYDARQ DQG DGGUHW Z RIN RUFH GHYHBSP HOAQHHGY %8 LOARGXAQY
AXGHQW VR DUAFDAQME@I HOFH HDUD WH SLRIWDP KH®V EXLE D VWRQIHU

SISHIDH RI 1 XWWUH LOORYDVRYY SUHSDUHG VR P HHVWKH FKDQILQ) QHHGVRI 7H DV
HARQRP \

7KL FR@ERWWYH P RGHCRUHDWY OV YDXH E\ FRP ELQIQJ FRUISRUIDWM
LQYHWR HOWZ IW HGXFDMRQDCH SHUAVH VR SURGXFH P HDQIQJ I XCRXWRP HVIRU

AXGHQW DQG FRP P XQIMHV DINH
/




&RP P XQIW 2 XVW¥RP HV

7KH [QMDWYH

([ SDQGHG HT XWRE®! DFFHW R $, HGXFDARQ
,QFLHDVHG DZ DIHQHW RI HP HUILQJ WIFKQR®RILHV

&RQOHAMG HGXFDWRQ Z WK Z RUN RUPH GHYH®SP HQW
BWHQIWHQHG HGXFDVRUFDSDAW

) RAMUHG FREERUMRQ DP RQJ VAKRR® DQG FRP P XQIW SDUQHWY/
,QVSILHG WXGHQW R SXUXH67(0 SDIZ DV

5HQIRUFHG WH IP SRUBQFH Rl WKIFDAQORYDWRQ DQG LHVSROVE®! WRKQRBI\
XVH

$V DUALALDOQWAI HQPH FROAQXHV VR WDV RLP LOGXVAMEHY LOMDAWYHY @NH WLV
HQVXUH WIDWAMGHQW [ LRP - D@EDANI LRXQGV KDYH RSSRUMQUMEV VR SDUARLSDWM 1O

VKDSLQI WH | XWWUH IDWHUWDQ VP S® DGDSWQJ VR IW

&RUSRUIDWA , QYHWP HOW

(GXFDWLRQDO ,(
BWGHQW 2SSR

&RPREXQLW\ 3UR
)JXWXUH :RUN
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) RURYHUD AHOMXU  + ( %KDV VWHQIWHOHG WH FRP P XQMHV IWHUYHV E\

LOYHWQJ 1Q HGXFDMRQ KHDOK HFRORP IF RSSRUMQW DQGZ HOEHQI 7KH+ ( %

1HWHQS, 5RERWE,QUDAYHFROWOXHYWILYFRP P WP HOWE\ SUHSDUQJ \WH
QH WHQHIDWRQ R LQQRYDVRWY GDGHY DQG SLIREGP  VROHW

7KURXIK WLV IQWDWYH + ( % DANQRZ BIGI HV WDWZ RUN RUPH SUHSDUDWRQ EHILQV
@®QJ EHRHFRGUHRUHP S® P HQW( DU® H SRVXUH VR DUAILALDAQWM@I HOFH
LRERWEV DQG HP HUILQJ WIFKQR®J LHV | RWMLY WH FXURMW FRQILGHORH DQG

| RXQGDMRQDANQRZ GIGI H WYX GHQW QHHG VR VXFHHG 1Q D G IMBCHRRQRP \

+ ( %VIQYHWR HQAHQDEGIGP RIHWDQ  \WXGHQW DRLRW WUHH 7H DV VFKRRO
i VWP VR HQI DI H Z IV DGYDQRHG URERWEY DQG DUMLEDAQWIE HQPH WILRXJIK
IOMDPYH DJH DSSURSUDW DPAYMEHY 7KLY SDURHUAKLS DOR XQGHW/FRUHG WH
LR®I Rl FRUSRWDM GDGHUKIS 1Q H SDQGIQI DFFHW\R HP HUILQJ WIFKQR®JIHVIRU
WXGHQW Z KR P LJIKWORWRWHLZ LVH KDYH WHVH RSSRUMQIMEY

7KL LQWDWYH VKRZ VWH YDXXH RI DO QIQJ ARSRWDW VRADOHVSRQMELDWY Z IW
HGXFDWRQDAQORYDMRQ 7KUWRXIK IW SDURHUKIS ZIW & 67(0 + ( %VXSSRUMG

SWRIWP VWDWDGYDOQAHG 67(0 HGXFDWRQ VWHQIWHOHG Z RUIN RUAH UHDGLIOHW
SWRP RWMG UIHVSRQME®! WIFKQR®J\ XVH DQG LORHDVHG HT XIVRE®I DFFHW R TXDOV

GDUOIQI RSSRUMQMAHY

$VWIFKQRBJ\ UHVKDSHV HYHUY LOGXV - SDUHUAKLSY @\H WKLY DUH LOFUHDMQI ®
1P SRUBQW7KH HOVXUH WKGHQW DUH SUHSDUHG VR XVH HP HUJLQJ WIFKQR®JILHV

DQG DUHHP SRZ HIHG VR BDG  LQORYDW DQG FRQMEXW VR WHUFRP P XQIMEHV
I DY
o N i <G

6WXGHQWY 5HDFKF 6FKRRO 6\VWHPV (GXFDWRUV 6XUYH 6WURQJ ,QWHUHVW LQ
JXWXUH 3DUWQHUVKLS

7RIHVIKHU + ( %DQG & 67(0 DUHKHSLQI HQVXUH VKDWI H DV \WXGHQW
DUH QRW/P S® FRQVXP HU/RI DUAILFIDAQW@IHOFH  WH DUH EHFRP 1QJ
WKH HLFDAQQRYDVRYY FUHDVRYY DQG BGIDGHW/ Z KR Z LAWKDSH LW

| X\WUH
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$ FRP SUHKHQWLYH HYDOXDWRQ [ LDP HZ RUN Z DV GHYHBSHG VR DWHW WH
HIHPAYHOHWRI WH+ ( %1 HWHQS$, 5RERWEV,QUWDWYH DQG IW IP SDRARQ
VAXGHQAHQI DIHP HQWHGXFDVRUSHUFHSWRQV DQG IXWIH67(0 SWRIWDP P LQJ
RSSRUMQMHY 7KH HYDOXDWRQ FRGIPMG TXDQWWYH DQG TXDOYH HYLGHOFH \R
JXIGHRQIRIQI SIRIWDP [P SIRYHP HQWDQG GHP ROVADWA WH YDOXH RI FRUSRUDWM
LOYHWR HONQ 67(0 HGXFDWRQ

7KH HYDOXDWRQ FRQVUGHHG ELRDGHULQGIFDVRYY Rl HGXFDWRQDOVXFFHW EH\ RQG
NQRZ ®IGJH DFT XIMMRQ IQFXGLQI WX GHQAHQI DI HP HOWLQWAX PARQDOHBIYDORH
Z RN RUFH DY QP HQWDQG HGXFDVRUSHUFHSWRQV Rl DUALADAQWIE HQFH DQG
LRERWEV DV GDLQIQ] VRRY

( YDXDVIRQ 2 ENMIPAYHV

7KH HYDODARQ VRXJKVWR DQVZ HUILYH NH TXHWRQV

o ' 1GWH LOMDWYH VXFAHW X@ HQI DIH WXGHQW 1Q BDLOIQ) DERXWDUAILEDO
LOW@) HORH'

' LG HGXFDVRW/ SHUPHLYH WH SUHVHQUMRQV DV LHBIYDQWR FOMARRP
LOVAKPARQ DQG | XWWLH Z RUN RUAH SUHSDUMRQY'

© HUH WGHOW LQVSILHG VR FRQUGHUG7( 0 DQG WIRKQR®JI\ FDUHHLY!

' LG WH XVH Rl 3HSSHUDQG 1 DR HQKDQRH WMXGHQWHQI DIHP HQW/

+RZ FDQIXWH$, SLRILDP P 1QJ EH VWHQIWHQHG DQG H SDQGHG'

0 RVAT XDQWRMYH IWP V/Z HIH P HDVXUHG XMQJ D ILYH SRIQW INHUAVFD®! LDQILQU
ILRP 6WRQI® ' IVDIUHH VR BWRQI® $JUHH RUSRRUWR ( [ FHEIQWGHSHQGIQI RQ WH
TXHWMRQ



4 XDOVIDVIYH $ QDO VLV

2 SHQ HQGHG LHVSRQWHV Z HH LHYIHZ HG XMIQJ WHP DAF DQDOMY VR LGHQW!
UHREXULIQU LGHDV DQG HGXFDVRUREVHUDARQY 5 HVSRQVHV Z HH JLRXSHG LOR
FRP P RQWHP HV LOFOXGIQU

o BVXGHOWHQDIHP HOW

e  &DUHHUDZ DIHQHW

e  QMDPAYHGDQ]

e SRERWEVGHP ROVADARQY

e $UAADAQM@I HOFH XQGHUAMBQGQY

e )XWWHSWRIWP H SDOMRQ

7KHVH TXDOBWYH IO KW SLRYIGH YDOXDE®! FRQW] WRULQM SUHAQ] WH
TXDQWAYH | LQGIQIV DOG LOMAMW KRZ HGXFDVRWYY H SHUHORHG WH LOWDAWYH
Z IWIQ WHURZ Q FOVRRP V

, QAL UHVIDMIRQ &ROVIGHLDVIRQV

© KL VXUH 110GIQIV GHP ROWADM RYHZ KH® LQI® SRVWYH SHUFHSWRQV VHYHDO

P HWRGR®J IFDAFRQMGHIDMRQV VKRX@ EH QRWMG

e 3DUAASDARQZ DV YROQWU

o B6XUM UHVSRQWHV UH BFNHGXFDVRUSHUPHSWRQV UDWHUWDQ GLLHPWAMGHQW
DWHWP HOW

o 7KHHYDOXDARQ Z DV GHMIQHG VR P HDVXH [P P HGIDWM SLRIWDP 1P SDRALDWHU
WDQ ®Q WAP RXWRP HV

o SHVXOVVKRXG EH .OMSUHMG DVIQGFDRUY/RI SLIRIWDP  H I HARYHOHW LDWHU
WDQ FDXVDCP HDVXUHV Rl DFDGHP LE DFKIHYHP HQW

" HVSIW WHVH @ MDARQY WH FROVMMOP. RI HGXFDVRUI HHGEDFN DALRW P XGAS G
VAKRROA VWPV SURYIGHV VWWRQJ HYLGHQRH WDVWAKH LOMDWYH DFKIHYHG W LIQWQGHG
HGXFDWRQDCRENPAYHY DQG GHIYHUHG P HDQIQI I XOBDUIQ) H SHUHQAHV IRU
SDUAASDAQ] \AXGHQW

]
One WeNi oNe Jip —°
HGXFDWRU VXUYH\V FRPSOHWHG
AXDQWLWDWLYH TXDOLWDWLYH DQDO\VLV
$QRQ\PRXV HOHFWURQLF VXUYH\
JLYH SRLQW UDWLQJ VFDOH
7TKHPDWLF FRGLQJ RI RSHQ HQGHG UHVSRQVH



0t5e 33 ON° X 5¢=N O
SNE3-& UX NP EDP  —°
03 V-e Ni

7TKH+ ( %1HWHQS$, SRERWE,QUDWYH SLRYIGHG WXGHQW Z W P HDQIQII XO
LOWRGXPARQV VIR DUALEDAQWICDI HOFH DQG LRERWEV 9XI@QI RQ WLV VXFFHW &

67(0 UHRP P HQGV \MDWAI LHV VR | XUKHUHQKDQFH WXGHQWBDLIQD VXSSRUN
HGXFDVRY/ DQG LOFUHDVH FRP P XQW P SDFW

IPOt5e 3 Xn°«8 a0 °u 3 @ «B@@

© KIG! LOWDPRYH SUHVHQIMRQV VSDUNHG [QMUHVWWDGGIMRQDO
FOMRRP  EDVHG H SHUHQPHV Z LGHQDE®! WXGHQW\R H SRUH S,
FRQFHSW P RUH GHHS® WULRXJIK H WIQGHG SURMPAEDVHG GDLOIQU
5HARP P HQGDWRQ &UHDWM P XGM\VHWIRQ FOMARRP P RGX®N
DO QHG Z IMK JUDGH BIYH57( 0 \WBQGDUGEV VR UHQI RUFH FRQPHSW
LOMRGXPHG 1Q WH SUAVHQBMRQY

PPO@¢ «B@ 3N/3° N XX neNi ne«@

2 [ HUMFKRRY RSSRUMQMHY | RUVGHQW VR SDUAELSDWM LQ KDQGV
RQ GH\VLJQ FKD@IQIHVWDWDSS® $, FRQFHSW\R UHDCFRP P XQW
SWREGP V

3 RWQUWDCSLRMPW LQFO(GH

6P DUAFMEN

+ HDOMFDUH LQORYDWRQV

( QYLRQP HQWRCP RQMRUQ
$J UEXOXUH WIFKQRE\

7WDQVSRUAMRQ VA VWP V/
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7HDFKHWY KDYH VKRZ Q VAWRQJ LOWMUHLQ LOWI UDWQJ DUAILFLDO
LOM@I HOFH LOR WHUIQWKPARQ

5HFRP P HQGDVIRQ

2 11HUSWRI HWIRQDOBDLOIQ) RSSRUMQMEV | RFXVHG RQ
o $, QMDA

o &OMWRRP DSSTFDARQV

o (WIFDGH, LOMKPURQ

o SRERWEVIQMIUDMRQ
e ) XWWUHZ RUINIRUFH WHQGV

OPOt5¢ 3 |e du3A0x 0 OO ©° N

BVGHOW HOWXMDVP |RULRERWEY RIWIQ H WIQGV EH\ RQG WH
FOWRRP

+RWQ )DP 1O $, 1 UKW Z l@D@Z SDUHQW DQG FDUHI LYHW R

H SEUH DUANLFDAQW HQFH Z IMK WHURKLEBUHQ DQG VWWHQIWHQ
KRP H VFKRRCSDUHUKISV

OPl @«N 3N3° N X «e@@3 8@

&UHDW VWXGHQOABDGHUKLS LRBN WDWHQDE®! SDUARSDQW VR
GHP RQMWADW LRERWEV P HQWRU\ RXQJHUMWGHQW DQG VHUYH DV
67(0 DP EDWDGRW/ 1Q WHUVFKRRY

O N ONYe | egeogl °aNE @

,QFLHDVH FRADERUDARQ Z W WIFKQR®J\ SLRIHVMRQDY HQILQHHLY
KHDOMFDUH GDGHY HQAHSUHQHXWY DQG $, UHVHDURKHW/ VR RITHU

AXGHQW DXWHQAE FDUHHUH SGRUDMRQ RSSRUMQIMEV

SPAYMHVP D\ LQFOXGH

o &DUHHUSDOHY
,QGXW VSHDNHWY/

© RUNSOFPH VRXW/

0 HQRUKIS

9 LLDONRE VKDGRZ IQJ
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) X\MUH HYDOXDWRQ H I RUN VKRX@ H DP LOH ®QJ WP RXWRP HV
VXK DV

e 67(0 FRXUHHQUR® HQW

o BVYGHWARQI IGHQFH

o &DHHUIQMHW

o 7THKQR®RI\ W@

e 3RWHRQGDY DVSILDWRQV

7WDANQI WHWH LOGFDVWRY/ RYHUVHYHLDO HDWY Z LQRI T HUYDXDE®!
LOVIKW IOR WH BRQJ WP P SDRARI HDUWDO $, HGXFDWRQ

/ RRNLQJ $ KHDG

TKHVXFFHWRI WH+ ( %1 HWHQS$, 5RERWEV, QUDWYH VKRZ VWDWHDLD
H SRVXUHVR HP HULQJ WIRKQRERJ LHV VSDUNV FXURMW  EURDGHQV DVSILDARQV
DQG EXI@GV Z RUIN RUFH UHDGIOHW &RQWOXHG LOYHWR HQWQ LOQRYDWYH 67( 0
SWRIWDP VZ LAKHS SIHSDUH VRGD, VVXGHQW VR EHFRP HVRP RURZ V/
LOQRYDVRY/
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+ (% VLQYHVWPHQW LQ 67(0 HGXFDWLRQ GHOLYHUV EHQHILV
7KURXJK LWV SDUWQHUVKLS ZLWK & 67(0 + ( % KDV VWUHQJW
VWXGHQWY VXSSRUWHG HGXFDWRUV DQG FRQWULEXWHG WF
7KH + ( % 1H[W*HQ $, 5RERWLFV ,QLWLDWLYH GHPRQVWUDW
FDQ GHOLYHU PHDVXUDEOH HGXFDWLRQDO RXWFRPHV DGYDC
H[SDQG HTXLWDEOH DFFHVV WR QHZ WHFKQRORJLHYV

5HVWUQ RQ &RP P XQIW ,QYHWP HOW

7KURXJK + ( % V VXSSRUW WKH LQLWLDWLYH VXFFHVVIXOO\
y ,QWURGXFHG RYHU VWXGHQWY WR DUWLILFLDO LQWHOOL
([SDQGHG DFFHVV WR HPHUJLQJ WHFKQRORJLHV LQ WKUHH
BWUHQJIJWKHQHG HGXFDWRU FRQILGHQFH

,QFUHDVHG HGXFDWRU FRQILGHQFH LQ WHDFKLQJ $, DQG IX
3URPRWHG HWKLFDO WHFKQRORJ\ GHYHORSPHQW
&RQQHFWHG FODVVURRP OHDUQLQJ ZLWK ZRUNIRUFH UHDGI
,QVSLUHG VWXGHQWYV WR VHH WKHPVHOYHV DV IXWXUH LQQ

<K<K <K <K K<<

K\ &RUSRWVA 3 DUMPHUWKLSY 0 DWHU
%XVLQHVVLQYHVWPHQWIJQHGXFDWLRQ‘MNUHQJWKHQV\NKH
LOQQRYDWLRQ DQG HFRQRPLF JURZWK 3URJUDPV VXFK DV WKI
,QLWLDWLYH GHYHORS NH\ FRPSHWHQFLHV WKDW HPSOR\HUV
e SULWLFDO WKLQNLQJ
e SUHDWLYLW\

e &ROODERUDWLRQ

e &RPPXQLFDWLRQ

e 'LIJILWDO OLWHUDF\

e (WKLFDO GHFLVLRQ PDNLQJ
e $GDSWDELOLW\

e .QQRYDWLRQ

7TKHVH IRXQGDWLRQDO VNLOOV HTXLS VWXGHQWYVY WR VXFFHH
PDQXIDFWXULQJ UHWDLO ORJLVWLFV ILQDQFH HQHUJ\ HG)
VKDSHG E\ DUWLILFLDO LQWHOOLJHQFH
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7TKH+ ( %1 HWHQ$, 5RERWEV,QUDWYH UH GFWWH FRP ELOHG HIRUWRI
SDUHY/ HGXFDWRYY VAKRROBDGHY WXGHQW DQG FRP P XQW DGYRFDWVZ KR
EHTHYH LQ WH WDQV RUP DWYH SRZ HURI 67( 0 HGXFDWRQ

& 67(0 MOQFHHO WDQNV+ ( %I RUIW JHQHIRXV IQYHWR HOADQG VWWRQJ
FRP P IW? HQWR H SDQGIQI HGXFDWRQDCRSSRUMQIWHY | RUMXGHQW DALIRW 7H DV
7KL SDURHIKLS HODEGIG KXQGUHGV RI \ RXQJ GDUOHW VR H SGUH DUAIIADO

LW HQFH DQG LRERWEY LQVSILQ] FXURMW IQQRYDWRQ DQG D EURDGHUYIMRQ |RU
WH | XVIKUH

© HDOR H WQG RXUJ IDWXGH VR WH GDGHUKIS Rl
e %-DMFHO D\ HV,QAMMWM

o 6KHOGRQ,QGHSHQGHQWEFKRRO MMEPW

e BVBIRUG0 XQHESDBFKRRO MMEW

o &RMERWWH | RUEKLGUHQ

IRUZ HBRP 1QJ WLV [QMDWYH DQG SLRYIGIQ] \AXGHQW Z IV YDOXDE®! RSSRUMQMHY
VR HQIDIH Z I HP HUILQ) WIFKQRBILHV

7KDON\ RX VR WH HGXFDWRW/ Z KR HP ELDFHG QHZ GDUQIQ) H SHUHQRHV | DAQBWG
WRXJKWXOGVAXVWIRQV DQG HOFRXUDI HG WXGHQW VR DWN ERTG TXHVRQV <RXU

GHGLIFDWRQ SUHSDUHV WH QH W HOHIDARQ RI LQORYDRY/

7KDON\ RX VR HYHU VXGHOWZ KR HQUIDIHG Z I 3HSSHUDQG 1 DR Z W HQMXVDVP
1P DILQDAWRQ DQG FXURMW <RXUFUHDAYW DQG RSWP VP LOVSILH XV VR H SDQG
67(0 GDUOIQI RSSRUMQMEHV

© HDOR UHFRIQI HWH& 67(0 W YROQMHY FRQUXGBOW DQG FRP P XQW
SDUHY/ Z KRVH H SHUAWH DQG FRP P VR HQWP DGH WLV LOMDWYH SRWEGH
7RIHWHU Z H DUH EXIEHQI D IXWWUH Z KHUH HYHY VWXGHQWADQ BDLYD LOQRYDW DQG
®DG
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$ VA LE.DAQWAI HOFH LV DSIGO WDV RWP 1QJ WH Z RUB $VWIFKQR®J\ HGH LOHV

LOGX\IMHY DQG FUHDWMV QHZ RSSRUMQMHY HGXFDAWRQ P XVAHYROH VR HTXLS
AXGHQW Z IV WH NORZ BIGIH WN@' DQG FRQI LGHQPH VR VXFRHHG

7TKH+ ( %1HWHQS$, SRERWEV,QUDWYH\KRZ VWH P SDPASRWE®! Z KHQ
FRUSRUDM GDGHUKLS DQG HGXFDWRQDAQQRYDMRQ XQIW Z IMK D VKDLHG SXUSRWH

7KWRXIK [P P HUAYH H SHUHQRHV \AXGHQW GDLOHG WDADUA L DAOW HOFH
IOYROHV SHRS®! FUHDWW FRAERDWRQ DQG VROQJ P HDQLQI | XCRKD@IQIHV

) RUP DQ\ SDUAASDQW WAL LOMDAWYH LOARGXFHG D QHZ SHUSHPWYH RQ WIFKQR®RJ\
DQG WHUWR®! LQ IMBVMGHW Z KR RQFH\VDZ UIRERWEV DV GMBQUWRULQDFFHWE G
EHIDQ VR HQYIMRQ WHP VHOYHV DV HQILOHHY SLRIWDP P HY/ VAHQWANV
HQWHSUHQHXW/ HEXFDRYY DQG BDGHW VKDSLQI WH I X\WXUH

( TXD® P SRUBQWHGXFDVRY/ JDIOHG QHZ RSSRUMQUHY VR FRQQHPAFODMRRP
LOVAXPARQ Z I HP HLILQJ WIFKQR®J IHV DQG Z RUN RUAH QHHGV LHOQIRUIAQU WH
YIVBOR®! VAKRREY SO\ 1Q SIHSDUQI \WXGHQW | RUHYROIQU FDUHHLY HT XLVBE®
DFFHW VR WDQV RLP DAYH 67( 0 GDURIQ) H SHUHQAHY WHQIWHQIQ) SDUHUKLSY
Z W VAKRREY DQG [QGXVM DQG HQVXUQT WDWHYHY WXGHQWKDV WH RSSRUMQIW
VR GHYH®RS WH FXURMW FRQILGHQRH DQG FRP SHWIQRLHV QHHGHG VR WUYH LIQ D
DSIGO FKDQILQJ Z RUT

TRIMWHUZ I + ( %DQG RXUHGXFDWRQDCEDUWAHYY Z H DUH QRVWRQO SLHSDUQ]
VWXGHQW | RUWH [ XVXXWH EXWHP SRZ HUQJ WHP VR RLHDW LW

7RGD\ VFXURMW EHFRP HVVRP RURZ VIQQRYDMRQ 7RIHVWKHU Z HDWH
SUHSDUQJ WKH QH WIHQHUDWRQ Rl HVKLFDCS, BIDGHWY FUHDVYH SLREGP
VROYHW/ DQG FRP P XQIW FKDQIHP DNHW/

a®© A»Ex”
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e Y%HDWEFHO D\ HV,QWIXW ( BP HQBU DQGO LGGBI 6FKRRO

e BKHTRQ,QGHSHQGHONEFKRRO IMMPW( BP HQBU 6FKRRO

e G6WIIRUWG0 XQHSDBRKRRO MMEW 7ZR (®P HORU 2 QHO LGGEI DQG
+ LJK 6FKRRO

55° 3% j "8 08 RAOYEYND

e QMDPWYH SIHVHOIMRQV | HDWUQJ 3HSSHUDQG 1 DR KXP DQRIG LRERW
e $UNIADAQW@ HQFH GHP ROVADMRQV

e BWGHQNT XHWRQ DQG DQVZ HUMHWIRQV

e $, HWIFV GVRXWIRQV

e 67(0 FDUHHUH SRUDMRQ

e ' RWNRUH UHDGIOHW FROYHWDWRQV

e ( GXPMDVRUHQIDIHP HOADPWYIHYV

&RP P XQW SDUQHUKILS GHYHBSP HQW

55° 3g !l OnewweN 3V * 8U

On.w.’\ﬁ Xo.@lg)

BWWGHQW 5 HDFKHG

( GXFDWRW/ 6XUrH HG

SUAVHOWMRQ ([ THARYHOHW — 5DWQJ
$WQP HQWZ W 67(0  : RINRUFH* RDW  5DwWQJ
6\MGHQN QIDIHP HQW  5DWQJ

QMHQ) XWUH3DURHUKIS — 5DAQJ
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& 67(0 7THDFKHU BWGHQAEXSSRUABHUYIEHV ,QF LV D QDARQD® HRIQ] HG
QRQSLRI MR DQL] DARQ GHGFDWG VR DGYDQRQJ 67( 0 HGXFDMRQ WILRXJIK
LOQRYDWYH FXUIEXOPP - HGXFDVRUSLRI HVMRQDOGHYHBRSP HOWMMGHQW

HQIDIHP HQWDQG WDWI LE SDUGHUKLSY B6L10FH & 67(0 KDVVHIYHGP RWH
WDQ VAXGHQOW WDIOHG WRXVDQGV RI HGXFDRY/ DQG FRAERUDMG Z WK

VKRR EXVIQHWHV KL KHUHGXFDAWRQ LOMMWRQV DQG FRP P XQIW RU DQL DWRQV
R SUHSDUH GDUDHY | RUVXFRHW IQ FR@UH FDUHHY DQG AYIE @H

55° 33 0j ! N-NXO8 N

& 67(0 7THDFKHU 6WWGHQABXSSRUNGHUYIEHY ,QF
. HEVWM ZZZ PP RU
(P DIOIQR# PP RU
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https://www.cstem.org/
mailto:info@cstem.org
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