%ULQJLQJ &RPSXWDWLBWRO+ZKK BRKQRO ODWKHP
DQG 6FLHQFH &0DVVURRPYV

.DL 2UWRQG :HLQWURS (OKDP %HKHVKWDRQILIEFKDHDQVRNYQ .HPL -F
NRUWRQ#QRUW KGZHMWMUIR §HEX Q R B MKKHZVHRWWMHIKQOIRG W KZHVWHUQ H
PLFKBROQ#QRUWKZHVWHUQ HGX NMRQD#QRUWKZHVWHUQ HGX

1RUWKZ 8@ MYHHIUQY LW\

$EVW WIRFS X WDWURYRRSHQ Q@ \DRQLG\PRH P SWDFWEXWVWHODWLYHO\
IHZ VWXGHQWYV RLYWIBNHUNWHW WK DW DGHTXDWHO\ SUHSDUH WKHP
WHFKQRORJLFDO QDW XU NVIG\M RMWH ZIK R GBARV V WXXBN KKHRP S XWDW LR QL
WR QRW UHIOHFWGWRW JHEROWHUWKWIHPDOH DQG PLQRULW\ V
GLVSURSRUWLRQDWHO\ XQ GH VH/MEHQN G WW GJDAVRHDW & H H/S/S WRD F
HPEHGGLQJ FRPSNWDWERQHT FWAIHIEW R BRIFERO VDIQFS/ VFLH QF H
FRXUVHZARIQNV B ODRPDLPSOHPH @ WSW MRHYW ® RVAGQUIHUHQFHV

LQ DWWLWXGHYV WER ZIHUGAK BQ A SXOWLR) JL Q GLIRORAR/ L B HOD W B DALMY K
DSWLWXGH 8VLQJ SUHVERRQWRIZPHIOOMK (SHDMHIEB HYPAWR Y H G
FRQILGHQFH ZLWK FRPSXW D W LA ®RD WHSHEEN MQR QUHBR\QWHI UH VW L C
D GRVDJH HIIHFW ZKHUH SDUWLFIH®® LIQUH D@ HAR WH DDFQLYL W DH
SURY LHOML@BIHQ PHK S SIPEWGRALQJ FRPSK@DWQRDQ PHSG KRLIWLYLWLHV D
KLJK VFKRRO FXUULFXOXP

.H\ZRUBRPSXWDWLRQDO W K L GH\FLODVD QR Vi IMFERHR OEPBW&HQLQJ SDU

 QWURGXFWLRQ
&RPSXWDWLRQ LV FKDQJLQJ WKH ODQGVFDSH Rl PRGHUQ VFLHQWLILF
SUDFWLFHV DQG PHWKRGV DUH UHVKDSLQJ WKH ZD\ PDWKHPDWLFLDQ
UHVHDUFK ODERUDWRULHV LQ LQGXVWHWVWIGAHQOUHDYHQJIWAKHL @ UK
FRPSXWDWLRQ RY\S MPBHQIERS/ DFUHQFH FRQWH[WYV WKH TXHVWLRQ IDFI
LV KRZ WR SUHSDUH OHDUQHUV IRU WKH LQFUHDVLQJO\ FRPSXWDWLR
TXHVWLRQ LV WR EULQJ FRPSXWD\@KRQ FHBG DAFR\PLS WD YW P2 R QUIMGERA K 1L \DWM L
VFLHQFH FODVVURRPV $V VXFK ZH KDYH SXUVXHG D FRXUVH RI UHVHD
&7 LQWR KLPIKWKHPDRV\A PMFLHQFH FRQWH[WYV WKURXJK WIOBFERNYWLRQ
IRXU SULPDU\ 67(0 VXEMHFW DUHDV ELRPRMLEK I RIQFM S W SKOWL] B W DR®G
LW UHODWHV WR PDWKHPDWLFV DQG V F GHIQ@HRKDIMEDWUHYH W RH VB H P LRIL FD SW
JURXSHG LAWRURKDKAIIRULHY GDWD SUDFWLFHV PRGHOLQJ DQG VL
SUREOHP VROYLQJ SUDFWLFHV DA WVIWREH P WQDVWOKQ NLSTES SRICLFIGW LG B W D
VKRZLQJ WKH SRV IGN VYHUH B MWWRHT DFGRR URVYV FODVVURRPV DV RSS
H[SRVXUH WR D VLQJOH F OBV biRHRIFHREG\HD L\ASEUFOYHH 6 QRINAGL WK G IHL G ’mQR-Z-D
LERPSXWLQJ DV ZHOO DV LQFUHDVHG LQW H.QHMNGAG IL\Y LSOQUNGEDRE 6 D WHDH |
IURP WKH ILQD O \\HHBUW REW WHKSRIHW D GRVDJH HIITHFW VKRZLQJ WKDW V'
&7 HQKDQFHG DFWLYLWLHV SHUIRUPHG EHWWHU RQ SRRWOWHVFWNYGBVL
WKHVH ILQGLQJV OHQG VXSSRUW WR WKH HI I FBMIQREQ WNIVH R IF H PREHIBVG/LLL
DV DQ DSSURDFK WR LPSURYLQJ DWWLWXGHV WRZDUGV WKH ILHOG |
SRSXODWLRQV LQ FRPSXWLQJ DQG SUHSDVW®&D WWKBM QW YDIRGOW MM RF
SURIHYVVLRKRRWRKSIX UV X H

SUDFWRRFWOYDWLRQ

$ SULPDU\ PRWLYDWLRQ IRU LQWURGXFLQJ &7 SUDFWLFHV LQWR VFLHQF
LQFUBHOWVEQPSXWDWLREESY FIBWKQHVRDY WKH\ DUH SUD FMIXFHDGV LRQW K I
3ROLF\ &RPPLWWHH PRP\L W HH H QOBOQAWURS BWRPBAWDWLRQ LV QR.
LQGLVSHQVDEOH FRPSRQHQW RI 67(0 GLVFLSOL@HKVV AHQYGHLY RRSRRWT
&7 DQG LWV FRQVWLWXHKDRDW B/HNH Q W\H PRI ISJHBF R WHKVE\ W KHRPVIHWH.BFWWD W L C
DQG VFLHQFH IMOMWYRAKRPRYHUQRUV $VVRFLDWRKQ RIHD RIHUKIRU 6o D W I
2IILFHUV 1*66 /HD@OYWHWOWBVWOPSEWHU VFLHQFH HGXRIDWI(RQ RUJIDQL
&6 -RLQW 7DVN JRUFH RQ &RPIXWIQQL@XBEBEPBEXWDWLR QPO WRROVFNQG S
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DQG WHFRMDVVURRPV JD YPHRW B HIHD@DHWWLF YLHZ RI ZKDW 67(0 ILHOGV DU
IRU 67 (0 FDSMXIKWWLQH *DUGQHU
3UHSDULQJ VWXGHQWYVY IRU WKH PRGHUQ 67(0 ODQGVFDSH LV QR
FODVVURRPV )URP D SHGDJRJLFDO SHUVSHFWLYH WKH WKRXJKWIXO X
OHDUQLQJ RI 67{0]ERR&HQW 1DWLRQDO 5HVHDUFK &RXQFLO 5HSF
BHQIJN®WDO LOH@®UMG\ +RUQ 'LOHQVN\7KHEHUNPBQVH LV DC
WUXHDPHO\ WKDW VFLHQFH DQG PDWKHPDWLFV SURYLGHV D PHDQLQJI:
&7 FDQ EH BBPBEBUNEFK HW DO -RQD HWLOBQVN\ HWQDIIW [BQ I HUV
PDUNHGO\ IURP WHDFKLQJ &7 DV SDUW RI D VWDQGDORQH FRXUVH ZKHL
ZRUOG SUREOHPV DQG DSSOLFDW 2RQAL QUKE R PLBEKFLBW R R Q OWRH 9 Q WLLFRRQ § K
XVLQJ 67(0 WR HQULFK FRPBXWBWW R B CKH DWW URJ LRXU PRWLYDWLRQ WR E
$ WKRRWLYDWLRQ IRU EULQJLQJ &7 LQWR 67(0 FODVVURRPV LV WR
DGGWHGHRQJVWDQGLQJ LV VWQHWDRILRQGRIVIRSHIWQG PLQRUMWIHWHLQ FR
QXPHURXV RROABDIQ ®@EBOQDWLRQDO FDPSDLIJQV WDUJHWLQJ ZRPHQ DQG
QXPEHUV FRQWLQXH 1\B R IGRIRISOL §F 6 H(QB 8F% ROXNGHIF.MPIZH DQG /HYHQVRQ
HQURO GPR@WWEKH UHDVRQV IRU WKHVH WUMHDEWN RIH VB B/BRKHAW
FRQILGHQFH ODUJROLV )LVKHU OLOOHU OLPLWHG YLVLELOLW\
ODFN RVLSYRIVH[SHULHQFHV ZLWK ERWK FRPSXWHU VF&8®FH DQG LQ 67
OLOLV]HZVND $%4DQUAHUVRQ  6JWHWIDHQWO\ RQO\ D IUDFWLRQ RI KLJK VF
RSSRUWXQLW\ WR WDNH D FRPSXWHU VFLHQFH FRXUVH GXH WR D ODFI
RI VWXGHQWEHDB/GHQB W DFWLYLWLHYV LQ 67(0 FRXUVHZRUN GLUHFWO\ C
VHOHFWLQJ LGRRS RWDRKVR ®RD O O HPW @IOMIRHDS IRUGWQFHWNFWLFDO LVVXH:
LQWR RYHUFURZGHG VFKHGXOHV DQ&ROQECAVPUYWBD FWKHVHVRVEHPWK W
EHWZHHQ &7 DQG 67(0 SDLUHG ZLWK WKH ZRIUOL WE\NMKRVQLKDD FHKG EDRUL\R
LOOVWUXFWXUH PDNHV WKH HPEHGGHG &7 GHVLJQ D SRWHQWLDOO\ S
GLYHUVH OHDUQHUYV

TKHRUHBSHUWFDSHFWLYH
(HIRUWV WR LQFRUSRUDWH FRIFIKX WEKNRIRRXFDX® W KDYNLBDHH@QWBPSHUHG
XQOMSHFLILHG GHILQLWIVRD W IRL (Z&K\D I ERIG GBEMMMMH/RQ RI &7 LV IUDPH
FRUH WKHRUHWLFDO FRQVWUXFWYV 'LOHQVN® PQWBGNS D SIHDSIMPEB FRQF H

GL6HVVDYTV IUDPHZRRQD CR © GRWGRSDAEIDWOHQVN\ DQG 3DSHWWIV ZRU
VWUXFWXUDWLRQ DV WKH NQRZOHGJH FRQWHQW RI D GRPDLQ DV D [X¢(
H[SUHVV LW $ UHVWUXFWXUDWLRQ LV LDQVIX |G R/PDQ QJ HALH K HLQQMDY W WR G D
SUDFWLFHV LQ WKDW GRPDLQ DQG WKH ZD\V ZH WHDFK DQG OHDUQ W
DULWKPHWLF WRRN SODFH DUR X @ GWHKKWA KMHRPKEARN DK W R LAQYOREHRISDEDE Q0 L
7KH SODFH YDOXH FRQVWSXERYXIPPEDGEAGOX) YHYBBHSHG ZKDW ZDV SR
QXPEHUV DQG VKLIWHG IRU H[DPSOH PXOWLSOLFDWLRQ DKIGKEL\YLVLRC
WUDYSOHELDIOUNMVVIRSROB QHDUO\ XQLN BEH QDB FRUPBRMBIFW LRQDO UHSUHYV
DUH DOUHD G \KEHD LRDQLRU WHRVWUXFWXUDWLR QD ®EHIOMRYW R'Q647(UDSLVFL
%OLNVWHLQ :LOHQVN\ 1RVV +R\OHV BHQIJXSWD :LOHQVN)
DQG WKDW WK URXSK HPVE HEHBR Q WIGFO/WK LHQFH FRQWH[WVY ZH FDQ SUHS
VKLIW

@A6HVVD QRWHV WKDW IRU D UHSUHVHQWDWLRQDO L QIDNWWILXFW X

VRFLDO @LFKHW[BPSQW OLWHUDF\ VSHFLDOL]HV WR WKH QLFKHV RI SR
RWKGWMLODUO\ ZH VHH FRPSXWDWLRQDO UHSUHVHQWDWLRQV DV VSHF
FRQQWLRQWRQWUDVW WR D VL Q JDWH7KRQRDLL W KQLIF WHIHAP 871D RIFW WH Y O
LV H[SORULQJ WKH ZD\V ZH FDQ XVH FRPSXWDWLRQDO UHSUMVHQWDW!|
OHDUQ WKLQN DQ® G PDMKIFARXWEEFPVQEHYHORSHG D WD[RQRP\ )LJXUH
WKDW GHVFULEHV DQG RUJDQL]HV WKH YDULRXV HQLFKHWPRWHERRKSXWI
DQG VFLHQFH: BILY WISREL BIMMOUR X JK W K HZW EMRQRPWR LGHQWLI\ FRPPRQ|
SDWWHUQV DFURVV WKHVH SUDFWLFHV WKDW ZH FDQ WKHQ OHYHUD.,
SURILFLHQF\ LQ DQG XQGHUVWDQGLQJ Rl WKHVH QHZ FRPSXWDWLRC
%XLOGLQJ SURILFLHQF\ LQ WKHVH QHZ IRUPVFRIPS§X¥\8DWVRQWO WNRIQ/
PDWKHPDWLFV DQG VFLHQFH
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Data
Practices

Modeling &
Simulation Practices

Computational Problem
Solving Practices

Systems Thinking
Practices

Collecting Data

Creating Data

Manipulating Data

Analyzing Data

Visualizing Data

Using Computational
Models to Understand
a Concept

Using Computational
Models to Find and Test
Solutions

Assessing
Computational Models

Designing
Computational Models

Constructing
Computational Models

Preparing Problems for
Computational Solutions

Investigating a Complex
System as a Whole

Programming

Choosing Effective
Computational Tools

Assessing Different
Approaches/Solutions to a
Problem

Developing Modular
Computational Solutions

Creating Computational

Understanding the
Relationships within a
System

Thinking in Levels

Communicating
Information about a
System

Defining Systems and
Managing Complexity

Abstractions

Troubleshooting and
Debugging

7KH FRPSXWDW HP@IMIQNBK\L RINL@RHL @ UWWIDAWKL FHYV WD[R QR

)LIXUH

OHWKRXXQ)VG GDWD VRXUFHV

7KH GDWD ZH SUHVHQW LQ WKLV SDSNUDIZHUKHXBR @ Q MH VWM IGI DW LSO UMK R |
WKH HPEHGGHGI ROWIGGP VWIKHQFH VWUDWHJI\ 2YHU W/HKIHD FFKREKWW HD \R W M/
SURIHVVLRQDO GHYSWRBRRAQW VARKRRAMR STUHH/ HEDW DRGID WRIRRPV LQ D
OLGZHVWHUSQDALWLFWEDWHG LQ WKH WKLUG \HDU RI WKH SURMHFW $V .
VNLDWOWWHVVPHQWY ZHUMRRDG FZILQVK \W 6 D YAGD R B PWRHEDVEHKUHYIOKUAMD B & WYLIWHZ &/ L Q
VXUYH\V ZHUH PRGHOHG DIWHU RWKH U WWPLLDROE&HMNI IRQ & \F RWFRS R W Bl WX VUH
FRQWHEPADWPY HW DO 'RUQ  7(IOHD SR\W YGLEDYIEH VV PHQWY ZHWKVGHVLJIQ
RI WKH ODUD®IGE BHRM IGHWLIJQHG WR DV VHV&7YWXRMIQAHYY D ¥ LROS.SARNVHHVG W
NQRZOHGJH RI D JLYHQ VFLHQWIHLBE \R U FPD WWHHD 'V ¥ BOVERPM. QUH KRV \
DQG DVN VWXBBQMRKXW RRPBKXWDWLRQDO WRROV LQFOXGLQJ LQWHUDF
PRGHOV DQG VLPXMDPLREQEDWRGPDQDJIJHPHQW ZLGJHWV WR DQVZHU R
TXHVWLRQV UHODW PR W RIRVDAREA HRX B EHVKRZRULQ )LIXUH

A materials scientist wants to understand how heat transfers through a metal bar. She wrote this computer program to record

She attached four temperature sensors evenly along the length of the bar as shown SRR P e i

repeat forever:
valuel = readSensor(l)
value2 = readSensor(2)
valued = readSensor(3)
print 1, valuel, time
print 2, value2, time
print 3, valued, time
pause 20 seconds

in the picture. She then applied a heat source to one end of the bar.

Temperature Sensor
‘

Heat 1 1/ 2
Source S -

Ow
BN

Computer
Item 6: Which of these output fragments

was generated by her program?

)LIXUS VDPBREBWLS OHXAKNRWLWARR7 IVRPOOV DVVHVVPHQWYV

7KH &MKDQFHG OHVVRQ SODQV WKDW ZHUH WDXJKW DWBBUW RI
UHVHDUFK WHDP LQ FRO ®WKRBHIMWLR DRUINVIQ I URGNHWH HOGY DV SDUW
SURJUDP 7KH OHVVR®@VFRHOMX G FWHBMH BHABUBRIES/ VFLHQ AHQ W HDIFW H U V
WDXJKW LQ WKHLU KLJK VFKRRO FODVVURRPV $Q LPSRUWDQW SDUW RI
WKHLU RZQ UHVHDUFK LQWR KLJK VFKRRO FODVVURRPV ERWK VKRZLQ
ORRNV OLNH DQGHSWRPIEWLEIQJ VFLHQWLVWY LQWR WKH FOD®@QWURRP W
VFLHQWLVADXDDMIR@HDULQJ ODE FRDWV 7KH JVZAKRXDRGWW K BW & & \O B
SOXGWH YHWKWRGJIJK SURIHVVLRQDO GHYHORSPHQW WUDLQLQJ RQ ZKDW
FRQWH[WV /HVVRQKLZKUWFKBFPOWEBBMERBJ\ FKHPLVWU\ DQG SK\VLFV F
VXEMHFWV D86 G IHQHAXWHGEIMR DE /D ¥ N WORYGIE\H R JBIRN'R QV X VHX@ @R \RQD VW
WKUHH FODVV SHULRGV DQG ZKHQ SR/ IMERDRIO \K WHK® WV KAHK M DVPRH. HF@ W & X \
WKHLU)RRUM[DPSOH RQH OHMMVRE TXODEMUIIOMPWGE DQG DSSO\ WKH Vi
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DOJRULWKP WKDMKHEQNHXWKGE WRPDH® JHQRPH DQG WKHQ LQWKIRGXFHYV
WRRO WKDW VFLHQWRR@WHXY D WERGEL B 6 RHOPMAKHRIFE NI IHUHQW RUJDQL
'LWK WKLV DFWLYLW\ ZH EULQJ WRJHWKHU VFLHQWLILF FRQWHQW &7
ZHOO DV KDYX@H PREGHWQWRPSXWDWLRQDO WRROV EULQJLQJ DXWKHQW
RI VRPH Rl WKH DFWLYLWLHV LQ WEY Y WKGREBQGWERZSWHKMH RDQFRUSRUL

7KH D WQ\ELDWXOS ZHDSMHHE HR IWQ | WREDWX DN HMVDGPLQLVWHUHG WR VW X
FODVVURRPYV DW WKH EHJLQQLQJ DQG WKH HQG RI WKH VFKRRO \HDU $
SUH DQG SRVW ZLWK RI WKH VXUYH\W KEHH XIS O PBIGL R X W VEAGI HD
SRLQW /LNHUW VFDOH DQG DVNHG VWXGHQWY WR UHVSRQG WR VWDWHF
DQG 2, DP LQWHUHVWHG LQ SXUYRUQE&KIWRDDDN VY VIPQ! G W RMIME CRWYJ D
DVVRWQWY ZHUH FRPSOHWHG E\ V W KIGRIRA@MS D M WILG X MKW DV ZH DUH
LQ VWXGHQW WUDMHFWRU\ RYHU WKH FRXUVH RI WKH \HDU ZH IRFXV F
DORQJ ZLWK DG GLWXBRDD WA RN DRHBIMRI LYW ISHRIWHVY RYHU WKH FR.
WKH \HDU

5 HVXOWYV

7KLV VBEWVIRQ®LQJV IURP ERW K &7 KWHND @A\ PG QDO ARG X FWHG DV SD
,Q WKH GLVFXVVLRQ WKOMWZRQOWR YR IZH GG LQJWWRWY K W WIHPEHRGLQH IO H |
&7 LQ PPWWIQRY/ V FLKIPWBIUH LQYHVWLJIDWLQJ

SWWLWXGBHEFRPE YV
2QH RI RXU PRWLYDWRRQMW IR GMERE BGGURY V LVV XHD HRAE WMWSIGHBMR/ R/ C
HOHFWLYH FRPSXWHU VFLRIQFXUFRS S ORUVFWX @HQMWWXB@UROOHG LQ FRQ
PDWRDVFOMWVHY DU 7HPSKRIHOBGGBRIHVVLQJI LVVXHV Rl ORZ QXPEHUV RI |
WDNLQJ FRPSXWWH H F L QWG HID@AMNV B/ MHRRM LGHQWAHDHG DV +LVSDQL

DV $IULFDQ $PHULFDQ DV ZKLWH DQG DV $VLDQ 21 WK

ZHUH IHPKOHOMH EUHDNGRZQV DU HD D H SR S/RVNEBIRINNGHD N F RRO V ZKH L
WKHVH VWXGLHV WRRN SODFH 7KH GLYHUVLW\ RI VWXGHQWY WDNLQJ
JHQGHU RISWRYEBE@W\HYL OB SERDW K DR 7EMEINERI 6@ 0 FODMNMHWLY WM BR\HVR
LQWURGXFH D EURDG DQG&ILYHUVH VHW RI VWXGHQWV WR

&RPSDULQJ WKH UHVSRQVHV JLYHQ RQ WKH SUH VXUYH\ EHWZHHQ

WKDW PDWFK WKRVH UHSRUWHG LQ RWKHU VWX GLLHVEVEDXIHBGHU DQG
6WDNH 1LFNHHWPDOH VW XGHQWVFBrMWHOQWHUHVWHGIHQWYVKXW GH YO/ ILHO
LPSRUWDQW DQG UHSRUWHG EHLQJ OHVV FRPIRUWDEOH ZLWK FRPSX\
LOQWHW @HSWVVLEOH IXWXUH SURIHVVLRQV IHPDOH VWXGHQWV ZHUH V
FRPSXWDWLRQDO VFLHQFHYV DHERIPGHKNUHD)Y 6 PB@KH FDPVDIOH/ VW XGHQW V
FRQILGHQW LQ DOO  T&H \'NDKR®@ D VEHUWDFRWOASMESIRWIWLRQ RI WKHVH Ul
FDQ EH VHHQ LQ 7DEOH

TDEORNYHUMHMIS ROVHVDIISRHQWGLNHUW VF D\W KHIRW W XWX &/L RDY RXQU Y H\

$YJ )HP| $YJ 0D
5HVSR 5HVSR{

,2WKLQN EHLQJ D VFLHQWLVW LV |D SRVVLEOH FDUHHW IRU PH IS
, WKLQN EHLQJ D PDWKHPDWLFLDQ LV D SRVVLEOH 7yDUHHU IRUEH

6WDWHPHQW 7 6WDWLVWLF

, DP LQWHUHVWHG LQ D FDUHHU|LQ HQJLQHHULQJ| w S
, DP LQWHUHVWHG LQ D FDUHHU|LQ PDWKHPDWLFMV w s
, DP LQWHUHVWHG LQ D FDUHHU|LQ FRPSXWHU VFLH®RFH s
*HQHUDOO\ , IHHO FRPIRUWDEOH XVLQJ FRPSXWDWLRQDO WRR&V
*HQHUDOO\ , IHHO FRPIRUWDEOH ZRUNLQJ|ZLWK FRRSXWHUV s
, DP XVHG WR XVLQJ FRPSXWDWLRQDO WR|ROV W

, DP LQWHUHVWHG LQ OHDUQLQJ PRUH DERXW FRPS¥WHUYV
&RPSXWDWLRQDO WKLQNLQJ FRARHV QDWXUDOO\ WRWwPH

" n |un
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$W WKH HQG RI WW KDWWEF K\ R G L YBIDOQMDNEPU QH W\R HVUHHHS LT SHAUFGIS@W R QV R D (
DWWLWXGH\FKOREXHWEY €HLQJ H[SRVHG WR R5HV & R QADHG/K {0 SORRE Y L W L H \
VLJIQLILFIROWT XBIMMWORQYVY QJ WR LQWHUHVWWQ SXUVLQJIFBQOMRWPHQY VF
UHODWHG WR XVLQJ FRPSXWDWLRQDO WRR@Y WRKH \CFHKRRGERD E N@H | L W
W S RVW LPSRHWDQW O WKREAHBNSRVLWLYH JDLQV RQ RI Wil
SHUWDLQLQJ WR FRQILGHQHHNLRQ&7 TRLG7YKLIW KL JKTL DKHWDW QLIQH H
H[SHULHQFHV VLWXDWHG ZLWKLQ 67(0 IRU IHPDOH VWXGHQWYV

6NLOOVYHVVPHQW RXWFRPHYV
$ SUHOLPLQDU\ DQDO\VLV RI VWXGHQW UHVSRQVHV VKRZV QR VLJQLILF
EDVHG RQ JHQGHU /RRNLQJ DRXWKH YKEDBW RILQHWVER WHY ®AR DV V H V"
DXWRPDWLFDOO\ VFRUHG ZH VHH WKDW WKH IHPDOHV KDG DQ DYH
VWXGHQWY KDG DQ DYHUDJH VFRUH RI RXW QRUILFD@ALIWHUHQFH WISD

7KLV VXJIJHVWV DW WKH RXWVHW RI WKH QH®OU D®\KHW KX GZHD & \QRH ¥ GH
LV HVSHFLDOO\ LQWHUHVWLQJ ZKW QRPDWHKI SNRHINAKFRBCN Y FEREPWIDRNEKQHE H. Q G
GLIIMLHGLILFDQWO\ E\ JHQGHU

:KHQ ZH ORRN DW KRZ VWXGHQWY SHUIRUP RQ WKH SRMW®VVHVV]
QR VLJQLILFDQW GLIIHUHQFH LQ WKH VFRUHV 7KHVH UHVXOWV ZHUH XQ
UHSHDWHG HQFRXQWHUV ZLWK OHDUQLQJ WHFKQRORJLHNOWHRBURYLQJ
%XOXWDQG EDVHG RHG WHIPNF RMUVIWXGHQW HQJD JHFR-PQMFKBIE & LFYR QWA H @ WL (
HDUO\ SLORW VWXGLHV $V SDUWLRB QKB HUWRDWLR QZ ¥ XFR/GG X F WQ SVRHVUA |
8SRQ FORVHU DQDO\VLV ZH UHDOL]H GFKWKWDW KMPIEQ \Q R W WKBIX $ DWW K HSE
UHTXLUHG &7 OHVVRQV LQ WKHLU FRXUVHV WKDW ZHUH H[SHFWHG D
DJUHHPHQW ,QVWHDG PDQ\ WHIHXKNYFWO XIKWVRQOLQ WK IBUO HF @DV V U
LW LV OHVV VXUSU L \QIRYD WHK D VO VWWXIGHIQMWAS GRGHPHQW RYHU WKH FRXU
HQFRXQWHU ZLWK WKH SUDFWLFHV ZH ZHUH DVVHVVLQJ 7KH VLOYHU C
LQYHVWLIDWRY WKEHDWHFOW[SRVXUH WR &7 OHVVRQV :KLOH WKH UHD\
DFURMWDWFKHUY DQG SDUWQ HD VEBRRROM L PRW LIRKAO R@BGURDGEORFNV Ul
LQVWLWXWLRQDO WKH\ VHUYRHGF DD OID K@ $i) VZ WHHIWFOIRMISWR-H B 84 Wi Q J
UHVRXQMERBEVWKDW KLVWRULFDOO\ KDYH QRW UHOLHG RQ VXFK WHFKQ

$V ZH DUH LQYHVWLJDWLQJ D ZKROH VFKRRO PRGHO ZKHUH VWXG

DQG DISPHNOMELSOH FRQWHQW DUHDV ZXQBEHU SWBY CRQO®R@W LAKR HUWHHFE
PXOWLSOH H[SRVXUHV W R7BF[ DMHMYHR QWK B HRAR WBEMHL SOH H[SRVXUHV WF
PDWRDWIQR/ VFLHQFH SUDFWILWHKW RFKEBRDOKHH BB XDN D RRN DW VWXGHQW
GRZQ E\ WKH QXPEHU R &7F K QKADXQGHHGWO H @ FROGEWHHAKHG UHYRKOM V R1 WK |
BWXGHQWY ZKR ZHUH H[SRVHG WBHRQEVDHGL QI IR IBKHHMADOW VKRZLQ
LPSURYHPHQW ZKLOH VWXGHQW D HR\KRRBNU W KH SFRRAHGY W R IWEZIRH&HD U\
LQFUHDVH LQ WKHLU SHUIRUPDQFH EXW QRW DW D VLJQLILFDQW OHYF
SDUWDWHG LQ WKUHH &7 HYHQWYV VKRR M® [3\WDEBA HYQH H COL\QWH R Q PRIXQUV & 7
ILQGLQJV VXJIJHVW WKDW WKH PRUH &7 HQKDQFHG OHVVRQV D VWXGHQV
WKH SUHWHVW DQG SRVWWHVW

7TDEO$Y¥HUDJH VWXGHOW VFRUH E\ QXPEHU RI DVVHVVPHOQW HYHQWYV WDN
WKDW WKH VWXGHQW RQO\ WRRN WKH SUHWHVW DQG WKH SRVWWHVW 7

&7HVVRQ &7HVVRDV &7HVVRDV

SHWHVW
3RVWWHYV
*DLQ

7R YDOLGDWH WKLV SH H®LRDQBHUAIB ZROK MH[ DQG QXPEHU RI HYHQW\
YDULDEOHV 7KHUH ZDV D VLJQLILHFWD @ WAVRD\DHRU IDIF MWK QRN BILF BB@W \WQ X P E
7KHUH ZDV DOVR D PDUJLQDOO\ VLJQLILFDSQWHRMH\VQVH | ISRV R/IHM WHG W
%RQIHUURRE WRIWWY UHYHDOHG WKDW VW XGHQWQEDLQWKOW ERI R W HK
WKHVBRYW WKDQ VWXGHQWYV Z&WREHRGIN WNRRGGID VR XGHQWY ZLWK WKUH
PDUJLQDOO\ VLIJQLILFDQWO\ EHWWHU WKDQ VWXGHQWY ZLWK RQH HYHQ
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7KHUH DUH D QXPEHMQRWSRQRIQRERWK HNP®® SRVVLEOH ZD\ WR H[S
HIIHFW LRQ@DNVINPRXWFRPH 6WXGHQWYV ZKR VSHQW HOFRIQMDIRE/ ZFEUNQEH R G
DFWLYLWLHV SHUIRUR MK EBW &RWWRDVW KMWH@ WYV :KLOH WKLV LV D YH
ZH ZRXOG EH KDSS\ ZLWK WKLV RXWFRPH WKH GDWD VXJJHVWV WKDW W
DQG WZRHW HMVXGHQWY VKRZ QR VLJQLILFDQW JDLQV $ VHFRQG SR
SHUIRUPDQFH LV QRW RQO\ GXH WR VHHLQJ WKH PDWHULDO PRUH IU}
FRQWH[WV LQ ZKLFK WKH PDW H UQ D3 OHRIF UHMM DFMVHIBR X BV HH [@RBOBLQJ I
SUDFWLFHV LQ OHVVRQV DERXW HOHFWULFLW\ SURMHFWLOH PRWLRQ
LQ GHYHORSLQJ GHHSHU LQWXLWLRQV DQG DSRRFDEOH[REOSHIROGHBENW
LQ WKH OHVVRQV 7DNHQ D VWHS IXUWKHU E\ KDYLQJ VWXGHQWYV HQJ
VFLHQFH FRXUNHWHIDW &/ WDOGH QW VT FRP S XWPDD XRGIKM W KPS NRY H DEK B LD
RI RXWHDU RI WKLV VWXG\ SURYLGHY SRVLWLYH LQGLFDWLRQV RI WKHYV
IROOBZVWXG\ WKDW ZLOO JLYH XV WKH DELOLW\ WR PRUH BBBRLA/O\ VW
DQG VFLHQFH DSSURDFK ZLWK WKH JRDO RI PRUH FOWRDWON ENQB U I B
H[SRVXUH DFURVV GLIIHUHQW 67(0 VXEMHFW DUHDV

'LVFXVVLRQ
'LWK WKI2H ZH{B8RUH RQH SRVVLEOH VWUDWHJ\ IRU LQWURGXFLQJ VWXG]|
DFWLYLWLHYV GHVLJQHG WR ILW ZLWKLQ H[ENUM @3 §D RXHP YW HKWY MRG B
ZLGH DXGLHQFHV ZKLOH DWWMKN LVFIHP W MDLFPKH B XY W\PLRRVILQVLRQV WR EH \
&7 FRQFHSWV DORQJV L7GRHG BVAIHYL D 8 SIRRDWK QWY EHHQ VXFFHVVIXO RQ
$V ZH VKRZ DERYH HPEHGGLQJ &7 LQ UHTXLUHG FODVVHV HQDEOHV XV
RI VWXGHQWWQLWHOR VAW RKW RILERRSORILWXGKBUWEDPH WLPH WKH UHE
WHDFKHUV WR WKLV SURMHFW KDV EHHQ HVSHFLDOO\ SRVLWLYH GXH
*HQHUDWLRQ 6FLHQFH 6WDQGD U GI\L JRMQ WK D Q ACPEGIRWV & 7L B \S B D FHWR|

2QH Rl WKH PRUH LPSRUWDQW ILQGLQJV IURP WKLWKIRW N KR ZWK F
IHPDORIY DYHUD DR ZKHDYERQILGHQFH AWK HIGH Z § WKWMK R DSUMR & £ QIRW K D W
GLIIHHHQD S WILKW X IGH WP DADKHD WWIXIG H QW YV D W ZMKIBHHWW DIURAQ RLIG\M MV \BEDW K U |
FRPSXWBWDRWEEHMOO DV OHVV LQWHUHVWHG LQ SXUVXLQJ FDUHHUV L
GHYLVEDWRZHU HQWU\ SRLQWV LQWRBLARFSXW XYGRQDORUHNUWKE JLIRR
EULQJLQO@FRPSXWDWLRQDO OHDUQLRQYVRE FRQWXQWW LZHG! 8 I UHHDBNRD G
2XU DSSURPWHKJIRIDWLQJ &7 ZLWK PP REIMWWRUR KF R % B VIRFSMRKML K B W H V X 0 WQ
ZLWK UHVSHFWD V& ¥&RH Q W\DIN. FRPS XOWH D U Q 6Q B LRDSIFOU W WEHWWHVX O W V
IHPDOH VRDXYGHR@WAUHDVHG FRQILGHQFH ZLWK UHVSHFW WR &7 DQG D JU
67(0 FDUHHUV VKRZV WKLV D DSV REBKYE D QWLHQ V XOF EIRY WKEDM KERF @ WS YW D W |

$ VHFRQG LPSRUWDQW RXWFRPH IURP WKLV ZRUN LV ILQGLQJ D GR\
H[SRVXUHV WR &7 HQKDQFHG 67(0 DFWLYLWLHV :KLROWDWHLWORXQG $RMN
VWXGHQWY VSHQGLQJ ORMMWMUWH R Q HVWRWNVF \ZHAGQG WK HDSQDR QD WL F
H[SHULHQFHV LQ GLYHUVH FRQWH\W W MGG R W RPDMW RRRIHVEES B EDCSMLEWH
H[DFWO\ KRZ PXFK RI WKH GRVDJH HIIHFW J DS Y DRDIWE R @\F E R XZRUHNG Z |
RQ SXUVXLQJ L&R RSV DWLDRDDO WKLQNLQJ DV D VHW RI SUDFWLFHV LV
WKHUHIRWHL B\ VWXGHQWY HPSOR\ WKHVH SUDFV@LIFHVUWR ¥ RDHARDQMMWD S/t
FDQ UHLQIRUFH WKH EURDG DSSOLFDELOLW\ Rl WKHVH VNLOOV ZKLOH
WKHPKLVSDERMWRSSRUW X QLW L HVHIREV AMNDVESRHRIVS WRMRAH QW UHIOHFWLRQ I
UHO b WMERHQV Z H F5Q BFW L WHEMR Q@G [WV LQ ZKLFK WRFERKQQW HH. Q@3 PXIOHNGL S |
DFWLYLWLHV DQG UH SHDW®HQEHMRREAVHRWR RQO\ UHLQIRUFHV WKH YDO
FRPSXWDWLR QYOG & \EYU PW 8 HIUHY 6 7 (OE SMBSBRWILBGVOOHDUQHUV ZLWK RS
EHFRPH PRUH FRPIRUWDEOH DQG |DPLOWE H WRRAKHW R X UVIR R GV Q\ K/H\PX/HIG
H[SRVXUH WR &7 DFWLYLWLHV LV DQ HIIHFWLYH LQVWUXFWLRQDO VW|I
VROYLQJ SUDFWLFHYV

%ULQJLQJ & VERWROKMKRRPYV QRW RQO\ SURYLGHV DQ HIIHFWLYH
SRSXOBRWORQVQHUV WHRHOMSRUAWNQWOV LW DOVR VKLIWV SHUFHSWLRQ
PRGHUQ PDWKH P DWLIEFM QDGR R E UM@PRWPS XWDWLRQ LV QRW MXVW D VNLOC
ZKR VHHN WR SXUVXH FRPSXWHU VFLHQFH JLYHV OHDUQHUV D PRUH
FRQWHPSRWHKHPDQGE FWF L KHQWRHH Q VKRZLQJ WKH GLYHUVH DSSOLFDEL
FRPSXWDWLRQDO WRRORRZNVFRQ@HEMNIV QOVPIRE RREZISSXOVA TKHQ FRPSXWDW
OHYHUDJHG LQ SXUVXHW RH ¥XU URDOW.IR DADR/R NZH) B WHRY H QMWH QIBUW KR Z R L
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JRDO E\ VKLIWLQJIVIYRP BQE MRRNLQJ DW ZD\V WR EULQJ FRPSXWLQJ LQ
LQ WKH VDPH ZD\ ZH KDY H EDWQBX W ALWM QW RRRDWHKWY ,Q EURDGHQLQ
GLUHRWLRHHN WR IXUWKHU GHPRQVWUDWH WR VWXGHQWY WKH GLYHUVH
DFURVV D YHU\ GLXAMWLYOR PEXW RO JLHO®KHLU ZRUN

&RQFOXVLRQ

$V FRPSXWDWLRQDO PHWKRGRORJLHY WRROV DQG SUDFWLFHV FRQWL
LV EHFRPLQJ LQFUHDVLQJO\ LPSRUWDQW IRU OHDUQHUV WR XQGHUVWD
VXFK WHFKQRORJLHV 7KLV LV LPSRUWDQW QRW RQO\ IRU WKRVH VWXG
VFLHQWLILHAR UHIDMY OEDW GBUWLBLBD@HULWR/REFLHW\ DV VFLHQWLILFDO
FLWU]BYQHU WKH ODVW WKHO H XHWYXYQZHD @IDYSSERDFK WR LQWURGXFH K
FULWLFDO FRPSXWDWLRQDO WKLQNLQJ SUDFWLFHV E\ GHVRDQLFY &7 H
DQG VFLHQFH WXUNKEN YBHREZKDW WKLYV DSSURDFK LV HIIHFWLYH DW UH
EHLQJ HDVLO\ UBBSMHIGWEUMARRHHUSNM HVHQW GDWD WKDW UHYHDOV D GRYV
PRUH &7 LHOPPDQRY/ VFLHQFH DFWLYLWLHY OHDUQHUV DUH H[SRVHG WR
DVVHVVPHQW 2XU ILQGLQJV VXJJHVOG WK@GWL 60 HPIRW HQZ DR R WHR DHFQWLDYQ Rt
SODQV ZLWK FRPSXWDW IZRQ D Q XWKMKHNL QB SSURD/RHR®@ QY M B V HAYF HQDED W K \
2XU KRSMW IWKWRRJIJK WDNLQJ WKLY DSSURDFK ZH FDQ EHWWHU SUHSDU|
WKDW DZDLW WKHP

S5HIHUHQFHV

$EHOVRQ + 'L6HVVDOX®WSOH JHRPHWU\ 7KH FRPSXWHU DV D PHGLXP
7KH 0,7 3UHVYV

$&0 ,(( &6 -RLQW 7DVN )RUFH RQ &RP SRW B W 8 X USLFILADQIFIH $&0U W A X @ D
DQG ,((( &RPSXWHU 6RFLHW\ 3UHVV

$GDPV : . 3HUNLQV . . 3RGROHIVN\ 1 6 'XEVRQ 0 )LQNHOVWHLQ
LQVWUXPHQWXIRLQ P VWXGHQW EHOLHIV DERXW SK\VLFV DQG OHDL
$SWWLWXGHV DERXBKEVFLFHDE H5 16X UN B BIS\WHAIFVO(GREDPM.RQ 5HVHDUFK

$PHULFDQ $VVRFLDWLRQ RI 86KRHWFKWE QIR PR QDN J6 K FHAMIFDI W R Q
'& $$8: (GXFDWLRQDO )RXQGDWLRQ

$XIJXVWLQH 1 5 FKDLU 5LVLQJ DERYH WKH JDWKHULQJ VWRUP (QH
HFRQRPLF IXWXUH 1t &RPPLWWHH RQ 3URVSHULQJ LQ WKH *OREI
‘DVKLQJWRQ ' & 1DWLRQDO $FDGHPLHV 3UHVV

%OLNVWHLQ 3 'LOHQVN\ 8 $Q $WRP LV .QRZQ E\ WKH &RPSDQ
(QYLURQPHQW IRU 0DWH UL RDW 16 6 LHRGMAILAMIQOW § RFOOW -RXUQDO R
IRU ODWKHPDWLFDO AHDUQLQJ

'"HOHQ ( %XOXWKKR UHODWLRQVKLS EHWZHHQ VWXGHQWY H[SRVXUH W
VFLHQFH DQG PDWK 7KH 7XUNLVK 2QOLQH -RXUQDO RI (GXFDWLRQ

GL6HVVD $ &KDQJLQJ PLQGV &RPSXWHUV&DRMDWIEIH C3Q 6,0 BWHYDF\

'RUQ % (OOLRWW 7HZ % (PSLULFDO YDOLGDWLRQ DQG DSSO
&RPSXWHU 6FLHQFH (&EXHFDODMWLRQ GRL RUJ
"UV\EXUJK + 8QGHUUHSUHVHQWDWLRQ RI JLUOV DQG ZRPHQ LQ |

UHVHDRMWKQDO RI (GXFDWLRQDO &RPSXWLQJ 5HVHDUFK

(GXFDWLRQ 3ROLF\ &RPMERRWHQS$ WKH 3DWKZD\ WR 6XFFHVV 3UHSDUL
"RUNIRUFH 1HHGV LQ V$K/N BRLIHICR QWMBW MR PSXWLQJ ODFKLQHU\

JRVWHU | & R PADAWMMQU H B W BVRR ¥ BMHXQUAHH TV | XaW X U H

*DUGQHU ' 3 &KIDQDWLRQ DW ULVN 7KH LPSHUDD\VKHQURMRBG X& D& E R
'"HSDUWPHQW RI (GXFDWLRQ

*X]GLDO 0 US-RD W IZHEH VFDIIROGLQJ WR IDFLOLWDWH SURJUDPPLC
/JHDUQLQJ (QYLURQPHQWYV

+DPEUXVFK 6 +RIIPDQQ & .RUE - 7 +DXJDQ 0 +RVNLQJ $ /
WRZDUGYV FRPSXWDWLRQDO W&QL @N1E&B] PRUOVAHWHQFH PDMR UV

+HQGHUVRQ 3 % &RUWLQD 7 - 'LQJ - 0$&06,* &SR PAXORHILIRD DO

SS + $&0

-RQD . :LOHQVN\ 8 7URXLOOH / +RUQ 0 6 2UWRQ . :HLQWUR!:
&RPSXWDWLRQDO 7KLQNLQJ LQ 6FLHQFH 7HFK®RGHE BV HQWHXH B WL §
)XMWUH 'LUHFWLRQV LQ &RPSXWHU 6FLHQFH (GXFDWLRQ 6XPPLW OHH
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.UDPHU 3 ( /IHKPDQ@L®¥PHDVXULQJ :RPHQ $ &ULWLTXH RI 5HVHDUFK
$YRLGBQFAYV +

/ILQ & =KDQJ 0 %HEN % 20PEHEG GLQJ &RPSXWHU 6FLBERIFHHQERQFHS
&XUULFXORFHBGLQJV RI WKH WK $&0 7THFKQLFDO 6\PSBELXP RQ &

+ 1HZ <RUN 1< 86% $&0

ODOBPLWK - IJHH $SSOLFDWBRQ RNVIUAKR I2ER XS PWRRQR@ DO 7

67(0 3URIHVVLRQDOV DV D 3URKHDR$WV@BQVPHORP SRROWLRQDO 6F
+

OLOLV]HZVND , %DUNHU * +HQGHUVRQ ) B]WHQGXU XWHU 7Kt
6 F L HHOKEDIW 6 W X G HROW\Q PD\RI ,QIRUPDWLRQ 7THFKQRORJ\ (GXFDWLR

1DWLRQDO *RYHUQRUV $VVRFLDWLRQ &HQWHU IRU %HVW 3UDFWLFHV
&RPPRQ &RUH 6WDWH 6WDQGDVY&VQIRWR @D Wa&H R FBWI DPRQYY $VVRFLD
&HQWHU IRU %HVW 3UDFWLFHV &RXQFLO RI &KLHI 6WDWH 6FKRRO

1DWLRQDO 5HVHDUFEKHSRXIQFIRO D :RUNVKRS RI 3HGDJRJLFDO $VSHFWV
'DVKLQJWRQ ' & 7KH 1DWLRQDO $FDGHPLHV 3UHVV

1*66 /HDWD&WHYV 1H[W *HQHUDWLRQ 6FLHQFH 6W D Q GDKGE\D JYWRRIQ 6 W WIH\H
1IDWLRQDO $FDGHPLHV 3UHVV

1RVV 5 +R\OHV :L&QGRZV RQ PDWKHPDWLFDO PHDQLQJV /HDUQLQJ
'RUGUHFKW .OXZHU
5HSHQQLQJ $ :HEEQQLGRX $ 6FDODEOH JDPH GHVLJQ DQG WKH

JHWWLQJ FRPSXWDWLRQDO WRUBRH®ELQWR BIXWE&HF WAK RBBR.O W HE K
RQ &RPSXWHU VFLESFH HGXFDWLRQ
6FUDJJ * 6PLWK $ VWXG\ Rl EDUULHUV WR ZRPHQ L & &0Q65 H&8(U DG XD W
%XOOHRMOLQ $S $&0 5HWULHYHG IURP KWWS GO DFP RUJ FLWDW
BHQIJXSWD 3 .LQQHEUHZ - 6 %DVX 6,QWHVDDWLQJ FRPBXWDWLRQD:C
VFLHQFH HGXFDWHRVHGEVERBSEWIDQW.RQ $ WE&KRDWWR®E DDQ UL
,QIRUPDWLRQ 7HFKQRORJLHV

BHQJIJXSWD 3 "LOHQVN\ 8 /HDUQLQJ (OHFWULFLW\ ZLWK 1,(/6 7
JHYH@WHUQDWLRQDO -RXUQDO RI &RPSXWHUY IRU ODWKHPDWLFD(
BWDNH - ( 1ILFNHQV 6 $GROHVFHQW JLUOVY DQG ER\VY VFL
WKH SRVVLEOHWEHDBRYHAMF EtHQW LV
7RZQVHQG * & 3HRSOH ZKR PDNH D GI$&B BHQ@BK %XHOOWMRWY D Q G
+
"HLQWURS ' %HKHVKWL ( +RUQ 0 2UWRQ . -RQD'HILQWRXLOO]

&RPSXWQDO 7KLQNLQJ IRU ODWKHPDWHIRXYURQG &F LAFQFHH R DG X BRY
7THFKQR@®RJ\

‘HLQWURS ' %HKHVKWL ( +RUQ O 6 2UWRQ . 7URXLOOH / -RC
$VVHVVPHQW 7RROV KU GNRIPGXWQWILERDBFEKRRO 67(0 &ODVVURRP
&KRL 5 %DUJDU (GV 3URFHHGLQJV RI ,QWHOOLJHQW 7HFKQR
,QWHUQDWLRQDO &RQIHUHQFH ,17(7$,4 &KLFDJR ,/ 86%$ SS

:LOHQVN\ 8 @UDGRU&K 0 6 JRVWHULQJ &RPSXWDWLRQDO /LWH
&RPPXQ $&0 + KWWS GRL RUJ

:LOHQVN\ 8 3DSHUW 6 5HVWUXFWXUDWLRQV 5HIRUPXODW
UHSUHVHQWDWNVRQQ - &OD\WRQ 3URFBEGDYJIGRI WKH &RQVWUXF
FRQIHUBRBHY )UDQFH

'LOHQVN\ 8 5HLVPDQ . 7KLQNLQJ OLNH D ZROI D VKHHS R
FRQVWUXFWLQJ DQG WHKINRRLLGIY ARPESRGWINVEL RQ B &GM Q I WILRSU P QK
,QVWUXFWLRQ

$FNQRZOHGJPHQWYV

7KLV ZRUN LV VXSSRUWHG E\ WKH 1DWLR@R@D66FLHRB&BLFRXQGDWLRQ X
+RZHYHU DQ\ RSLQLRQV ILQ®IHFRP PAROGDWVRRYW D& KRVH R WKH L
QHFHVVDULO\ UHIOHFW WKH YLHZV RI WKH J)RXQGDWLRQ
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