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Abstract:

7KLV UHSRUW VXPPDULVHV NQRZOH GDHQOMRQFHIQYOH @] BWIKFH ALPH DR
LQIUDVWUXFWXUH 7KH DLP RI WKH HILWWUQ W X QHR ZJMHYEHEZ RQ VRS
PDLQWHQDQFH R I WDMHNVW ¥ P X 8 R U RAIFEH &/ MMW WIOHD K LODR G LJKW KR
PDLQWHQDQFH D IDHFAWF SHHAMVW LLIQE WAHILWPY RD IHAVFHBD QG VHFEXULW
OLWHUDWXUH UHYHNNOHE BRI QXPEHYDRKH ERQEVLIWDRQESH RI PDLQV
LQIUDVWUXFWXUH IRU SHGHVW U LHDQVWXGL HEYFREOYL.XWYHUUREOH DI
WR WUDYHO ZLWK WKH VDPH WUDQVSRVY®HFXDODW\L QW WUKDIOR BMKH:
FLWLHV )XUWKHUPRUH D FKDQJHGA G ®MNY/QHVNGENILHIE EBIG/N IRGY A
F\FOLQJ D KLJKHU VWDWXV ORUHRRHW KIVXIEL\VHWR D@ DDK B MG WLKQ
LQIUDVWUXFWXUH LV QRW SHUFHLRIQG WRU EA-R WR WIHVHGE GPHRYGHHO/R E
ORUHRYHU LW ZDV IRXQG WKDW ZDOMHG DV ®ZE) DOGLQH SKDDMD ¥
WUDQVSRUW DQGWRKBW VRBBEN RHMPRGIHXIWHWD OBUYSHAWLYH RIS
F\FOLVWV ZKHQ LW FRPHV WR PDLQWHQDQFH

Citering:

.RIJOLQ 7 9i UK H QNhat dbes maintenance of infrastructure mean for pedestrians and
cyclists — A knowledge summary%s XOOHW L Q 7TUDQVSRUW DQG 5RQGV 'HSD
6RFLHW\ /XQG 8QLYHUVLW\ /XQG
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6 XPPDU\

7KLV UHSRUW VXPPDULVHV NQRZOHGDH FWHEOBQGHQRI VEKH\E
SHGHVWULDQ LQIUDVWUXFWXUH 7KWR CALRPP BL QK H[OV W HQ D W
RQ RSHUDWLRQ DQG PDLQWHQDQFHU RI HE KN WULID@WS R QW E
KLJKOLJKW KRZ RSHUDWLRQ DQG PDLOWPQDWWHLQIIWHRAWF
DFFHVVLELOLW\ VDIHW\ DQG VHFXRLMKH 7IRI OR B LAD)VREWRN

X :KDW LVVXHV Rl PDLQWHQDQFH RI WRHGL Q FUFBIWW UKIEQVLI)
DQG VHFXULW\ RI SHGHVWULDQV DQG F\FOLVWV"

X +RZ GRHV PDLQW HQDQUFXF RIXW K HD LIGHRND FSTH.G/MW BRIK D QL R ® L

X +RZ GR SODQQHUV DQ G REHFILG/HB QVRBINHUW VV XHV"

$ VIWWHPDWLF OLWHUDWXUH ZDV FDUULHGL RXUND LD\ WK
75$16*8,'( DV ZHOO DV LQ :HE RI 6FLHQ¥F3 MIQ\GH 8PRSXKWH TKH
QXPEHU RI LVVXHV RI UHOHYDQFH F RGIRHDWILH R IWLKH UIP\B\R U
SHGHVWULDQV DQG ELF\FOLVWYV 7AKMHEGHH DWRID GHXN H H ¥ IV IVEIG
ZLWK WKH VDPH WUDQVSRUW TXDODW\ DY WX b DROWKXBKDWY RDQ
FLWLHV )XUWKHUBDRWUWL VDX BKID RQ HG BE § © DRO@ HPWDW H.Y VQBI® G H
ZDONLQJ DQG&LRWIOW YIWDW XV O0RUHRYDHW K VW XG ISHRW \I GKIDONN |
WKH SHGHVWULDQ LQIUDVWUXFW XYW RS HER B/VSW K A HRLQ H G RW
PRGHV Rl WUDQVSRRE WO G HGIHVWLLD®WEKEVHBVHF WBEEUH L\
SURYLGH LVVXHV Rl FRQVLVWHQWIBY 1LQHWWH US @B R BH QIQSU
WUHDW LW DV D VHSDUDWH PRGH RRWH BOGHRUWW L DRON DIF
WUDQVSRUW DQG JLYH LW PRUH DIWWRI Q WLRDQIGD V& FALHMK
DQG WDNH LW DV DQJXD®IQMIL €0 HRB GWOLQJ DV ZHO

ORUHRYHU LW ZDV IRXQG RXW WKDW/PBOMWHE D\ R 7KL D\EG
PRGHV Rl WUDQVSRUW )XUWKHUPRUH HWYXWDIK GLHHP R | WRK
SHUVSHEWLYH RI SHGHVWULDQV DQ® EEFO Z\KWFKZ K HQXIOW ¥ F
OHVV EDG PDLQWHQYDHVXIUW KR UUBIIQGREIR PRGHV RI W



6DPPDQIDWWQLQJ

'HQQD UDSSRUW VDPPDQIDWWDU NXQVNDBY RP\NHIOH NRFKU
IRWJIQJDULQIUDVWUXNWXU 6\IWHW W\NGV DR RDAHUNDIY R D J E
NXQVNDS RP GULIW R XQSRIUWW b Q DRMAWUIONMAX R FIKQ AN O L\
EHO\VD KXU GULiWHRNKUXQ®®HIWK D OE USBK W\ N IGLO/MIH W L O C
VINHUKHW RFK WU\JJKHW 6\IWHW GHODGHYV XSS L I[|OMDQG!

X 9LOND XQGHUKNOOVSUREOHP DY LQOUDYIOUNKWWUNONB
RFK WU\ JJKHW I|U IRWJIQJDUH RFK FANOLVWHU"

X +XU SnYHUNDU XQ & MWKKMONHQ/ME ) B HIVBMDR DKW F\NOLVWHU
X +XU VHU SODQHVIDWHNBRK BSHV@XYWD IUnJRU"

(Q VIVWHPDWLVN OMNV M I b WX UM WNIRQDICREIHED 7 B $UHBNS/,N( VD
L :HE Rl 6FLHQFH DQG 6FRSXV 'HQ JHIDRF nHW QD DQMADVDH U
UHOHYDQV EHWUIIIDQGH YLNWHQ PW JXQITHIUK RER BW O Q VUNDH/
In VWXGLHU RP RVN\GGDGH WUD I L NTDQWHLIQVSRUONN K B @/L BN \
DQGUD WUDILNVODJHQ VIUVNLOW L \WIBHWVEIIGDRPUEEK D
IJUIQGULQJ DY DWWWW\BUKRRFEHYOHXQHAQEH R|FKDRVNO D Q G H
VWDWXV 'HVVXWRM®DO\VWXG WA ULWERNQ QW W DS\WR LN DL Q | L
LQWH XSSIDWWDV YDUD OLND YIOXWWHBR®BRBUWR P) RBMI QL]
EHWUDNWDV VRP JGXQIGO 11 BGIGHQ AW QELQVW W W® NRQVHN"
XWU\PPH RFK SULRBOWEWUMWLBASIDRIFHHOD HZH R FKR EHK W @/G V
WUDQVSRUWVIWW 6DPPD EHKRY DY DWW UDI@WPDRLRW RIK D H
XSSPIUNVDPKHW L VDPKIOOHW [|U DADW XV RVALIO @/ DI @ WW VRE |
HOHPHQW L SODQHULQJHQ I|U F\NO D/Q\8 H rRFONG/IH R AKX VX W PG
EHKDQGODV VRP HJQD RFK VHSDUDW B HW DLOMBRW WYV LWW Sor
IlU DQYIQGDUHQV SHUVSHNWLY KRV IRMDBUDXE GRIEK nFO M (
UHVXOWHUDU L PG®IUIWOXOHIHPKQ GBEDH bl GHNDWONW X DWW X SR U W



QWURGXFWLRQ

'HYHORSLQJ D VXVWDLQDEOH W U CDQVIS\RHU WK\D\WM RP WH D R VS A
DQG ZDONLQJ LQFUHDVHVY %DQLVWHRSR U W DR WAKKDDWY WARK K L
H[SHULHQFHG E\ F\FOLVWV DQG SHIGHVWHODQPDDYWDLK H® (
LV LPSRUWDQW WR WUHDW ZDONL®J B QXSDO DR QUKBIVSD \P\RHX
DOVR LQFOXGH WKHVH PRGHV LQ WXH \§&B QFPLLD K [\ FE FHHI\QV
IRFXV LQ WUDQVSRUWD \3 ®HEQWRJID RHOIFAAMIDIL YR W LD NLQJ
VSDFHV DQG SODQQLQJ SURFHVVHV WRJOLQ DQGQRWHZDON LG
F\FOLQJ WR LQFUHDVH LW LV LPSRWWDHIN WKRD VE RWKKH A\G C
SHGHVWULDQV DQG IRU WKDW PDLQNW®EDQ RH § R URWY I H. FFRF
VXPPDU\ Rl UHVHDUKK FRREWYHQDDF HAFRY X WK HI RUD | E\FDW WY
SHGHVWULDQV L@ FEWHGHWHW RX G 8 M HIOWBH) 6 DQ Q WK QW QUFRORI S
DQG F\FOLVWVY YQRID VQRXFIWUOH KCKRVH WZR PRGHYV

DFNJURXQG

SHGHVWULDQWWVPQEF\GERQWY SUREOHPV

)DOO DFFLGHQWY LQYROYH PDMRU VREDBHFRORPQF FR VW
FDVXDOW\ DFFLGHQWY DUH UHSRUWB® D G FTTKH VEAMIGR Y K673
GDWD EDVH 7KH FDVXDOWLHV LQ R)OW &RRW\WVXWH ISR D@IEQ M
ZRPHQ DUH RYHUUHSUHVHQWHG LQ @XWJ B FFR GHIWL R@AD \K E
PXQLFLSDOLWLHV FAKHWH WRHPW RDXHZQURHSR B W VX DWFDR G H Q
RWKHUV KDYH XS WR UHSRUWHG@AFLBGHOYWN BHYWHU SIHQ

7KH VRFLHW\ V FRVWYV IRU ID®8 QOFIFPLGRQW D UK DNG R¥H
KLJK DV WKH FRVW Rl ZLQWHU URDG P IDDIK}HW H QDU IS URE OFH
RSSRUWXQLWLHV IRU VRFLR HFRQRP LR ¥DYXQDWEH VPLSQU R
LF\ FRQGLWWRD\WJI3ZDRNLQJ DQG RIFORRG P DHQW HQDZLRHN I
EHQHILFLDO ERWIKQMWK UH GXE & MRRWRDRRSY WIMWIR W HKIHDD W K |
OHDYH GXH WR LQMXULHV IURP VOLSXFWLGEBHOVUW Y-HRZAMLYYHU
ZLQWHU URDG PDLQWHQDQFH FRVW Y SFOOOLLOML HYI IDI@ & SWKRS B
ZKLOH WKH GDPDJH FRVWV PDLQO\ BIIHFW FRXQW\ FRXQFLC



$ERXW RQH WKLUG RI WKH URDG XWBUNUHQFRAR O DHWE VL Q KR W
RI WKHP KDYH EHHQ LQMXUHG LQ DQVD® BFOG HIFF LVBKIMW LW K
FROOLVLRQ ZLWK DQRWKHU URDG K@ F\UF QU D OIOL B KFAD RKW/NV R
EHHQ LQMXUHG LQ D VLQJOH DFFLGHQW HXD B XWRR! WHIH) \KH
LOQOMXUHG LQ D VLQJOH DFFLGHQW 1HVEDHGMVKDOJUDQVS
$GPLQLVWUDWLRQ V LQ GHSWK VWHKSR BIW LRY JI D @ MCKLHV & HEG TH(
GDWDEDVH 1LVND HW DO IRNEG PAKDWV WV R QWY
FRXOG EH UHODWHEG D/QRs PPR G VRISGIDQMELHRVLIJQVR URWMR F\FO
LOQWHUDFWLRQ ZLWKRWKFHQUVEL EH KDYQRXU DQYR® YQYWWUDFW
RWKHU URDG XVHUV 20GHU DJH JBIRXEW RFG XWH ¥ € UFR W KF L
JUHDWHU H[WHQW WKDQ \RXQJHU ©RBRUWHWHKDIQO\ L ®WRQH GA
DFFLGHQWYV ZHUH \HDUV RI DJH RU ROGHU

1LVND DQG (ULNVVRQ FODLP WK DK HDEHR ¥WF O L VRV VDDHOU E
LOMXUHG LQ 6ZHGHQ RFFXUUHG LQKUDMXDHG DY DLYKQIR
MXVW RYHU RQH RR® HQ W® D FARFOWE RVML OYCHHKGL F CFID L \2W W K
FROOLVLRQ ZLWK PRWRU YHKLF O HNOWQ HVE R FKKD D F FRR XIDO\

RI DOO ELF\FOH DFFLGHQWYV URWG Gi ®"RL WG PBIRR G Bl W
BM|JUHQ 7 K HU O BDX\WRWW | PR @\RQHWRFE VLKW QW \E LM\ M OLSS
PDLQO\ FDXVHG E\ LFH DQG VQRZ 1LMEDPXUHV LOSRXN®D QW
ZLQWHU PDLQWHQDQFH UHPRYDO RXORRVIHROOBYHG EBQ 8HD
F\FOH WUDFNV VDIH ELF\FOH WUDWVIRQVDDGG DGHFDRYHION RV
WUDFNV

6DNVKDXJ HW DO DW WIRQW®W GRW KW W IOH S 8 H W\ WHKIDUM IDXVMD Z D
VHHP WR EH HQRXJK WR DYRLG IDOW\$ GXHK WRLQQRZR YOG R F
JHQHUDOO\ OHDGVDWR RRKXN EW W SHNWMKER G NAD | Bl @/ \ FO
WKLV DOVR DSSOLHV WR IDOO FUDVK KM BIXWH WARXEOQ NXEDHF
FRUUHODWLRQ RI WQRVZ DRFCH Z KB \F USDHIHIRY HVQRV E AKE X H WR Wi
WKH ULVN RI LFH RQ WKH IRRW S DWWKL PHDWASHHG LED O\@ X Q Q HWO R
ZKLOH WKH HOGHUO\ DUH PRUH FDUHWX® HAPH/Q W.K\D WV SYG|
QHYHUWKHOHVYV GRRNR\Y JQRMULHIK GRIGP @D QBH WX QG MUKW KH V
VWXGLHV VKRZ WKBWLRDWK WRPHHRIO GHY THRS OMZ WKR WRI
GHWRXU WR JR RQ D EDUH JURXQGDLIFVVOBRE GRR R W ¥ HLF A



WKH ULVN RI D IDOO DFFLGHQW YHRRPH BLWXKYOXOE SEHHAUSOT
SHRSOH VOLS ,IGZWEHVWVWRVBRAW HGORWDROEGHR@WY\ARXOG EH

6XPPDULVLQJ DFFFGHQWQVWNEBLEVVMREHG WKPRQEQX RI UH
DFFLGHQWY EHWZHHQ DQG RQ DW K HGHRZMLEN QAK HR
FRPPRQ UHDVRQV IRU D SHUVRQ KDBUKRBM ZDL\WP XOHYHQ| ZI
RI KROHV DQG SLWV RU OHYHO GLPEHIH@F H\H YHOH GJH GHXFHQ
XUEDQ HQYLURQPHR®N W DMK VDIVDWONROWE R G B3 FSR IWEW VQ XRRE H
IRU SHGHVWULDQV )ULFWLRQ UHTXHPHPMOW R QI RiL GrHDALLAR!
IRRWSDWKY VKRXOG DOVR EH UHYLHZHG

(ULNVVRQ DQG 6|UHQVHQ VW X G HIDG KMKH | RRIS B H &/ID\DW H
LQMXUHG LQ VLQJOH IDOO FDVXDOWIQHY KRYSIWTDONDDIQR P
7UDQVSRUW DGPLQUVIYOUR WRIR I R Q7 NOWMKHNAK R7ZK M/ KUDAW XP R U H
WLPHV PRUH SHGHVWULDQV DUH LOQMISHIG IMX WILDFH HQD R Bl
FRPSDUHG WR RXWVLGH XUEDQ DUHWWR [)HRIHDHV S K GG/ B IHE
':RPHQ DUH DOVR PRWXUWIGU LORDQV R D Y MV D RKYL R HUD B 8 ADFEW G H C
VQRZ DQG RU LFH HARWSBHHW ® IWR- RREH\Y R/ W KLH) GJLH/G\DUAL E X W L
WA\SHV IRU ZRPHQ ,QVWHDG ZRPHQ XD YLHDFBRVHKRIURURISR |
FDXVHV HJ XQHYHQ JURXQG WULSSLQJ

$ VFRSLQJ UHYLHZ RI OLWHUDWXUWMZRP SGHGHPQYELDQ BF®E g
HW DO VKRZVLQKDLW BRODWHQRWRHE OREHUDULVDOOV
HVSHFLDOO\ ROGHUJERPH®QOLVRDRH DQWDOQ RXPOSHBWGERRU |
KDYH HTXDOO\ JRRG RU EHWWHU KHBDIDOWXKQFKDW B ¥ W W UFIRP/S DI
ZKR KDYH QRW H[SHULHQFHG VXFK IQOOM IBREG IDXWRMXQ
VWDLUV DQG VOLSSHU\ VXUIDFHYV SHIGIHRVWR LSOIOD ' DO VP SRIE
YLFWLPV DUH JHQHUDOO\ LQ JRRG KXWEHGWHK REDMHPW IBERW Q
WR URDG IDFWRU\D QAX H) HFRRFFOHKYE R @Y [IZROQV RW MVIKW WWWKXHG \U R
VKRXOG EH DGDSWHG WR KXPDQ FD®DEWBKRWHHRI| DIHGS HOVL
OHDVXUHV VXFK DV SUHYHQWLQJ XQHYGWHQRQIPH HAH HDR) GV
HITHFWLYH $OVR PRUH TXDQWLWD\WLRBPUGNWDIF K XR G HIRL
VWDQGDUGYV |RDXMWKERPWIFWLHNYFEDY SURSRVHG



3HGHVWULDQVWBD®HKNEY DQG FRQGLWLRQV

5RVHQNYLVW HW DO FRQGXFWLQJIHD VX UWDHO DPR|Q b BHER!S
IRXQG WKDW WKW HLFEGQDVZDR PFHHNK EQY H5 RIVILWY LIVHH HKE[RIP HW F
DJH RI  \HDUV WKH SHUFHQWDJHGR F WHKIRWHHG F \'FK®WQ P B GHQ & H
F\FOLQJ ZDV ERWK WKHLU RZQ KHIXOWKIPQW WERAIWUBMNYF ,MQX
WKDW WKURXJK PHDVXUHV LQ WKH HK@GL BR QPEHMQHWWPR BHF & B G X
WKH \HDUYV

IXQGJUHQ DQG $\0ZDUG FRQG X AW S IBUD /I R\ RD GVOX 1 L
VQRZ DQG LFH ZLWK MWKBLSKWSRY HWRH KHMGHU R\ \Z LIQ[\8 H U
PDLQWHQDQFH DQG DQ\ UHVWULFW LIRGLMWW KW RRDG HIUJ SR S
WLPH +DOI Rl DOO UHVSRQGHQW VW WZ RDWIOHLG R YRH UZ ¥ QRKZ
PRUH WKDQ RQFH 21 WKRVH ZKR IH®IG WK KW YWKEHN KD VR ED
FDUH DW D KHDOWR\ FGHS/DWHY R H QH/P HEBHIOW K QY B HH BHU DYRL
RXW EHFDXVH RI WKH ULVN Rl VOLSGI@®XDQBW O HDIV\WWRK®R
7ZHQW\ SHUFHQW KDYH KDG WKH KWIOG YRIIVUEHFDXIMYHH R | WARK
RU PRUH WLPHV LQ WKH SDVW ILY®\YWDRYFH ZHYOHH EHQWHQ
DOWHUQDWLYH URXWH WR IRU H[®P OHR & XEOWIEVWN LRI QACAFS
ZKR KDYH D VHUYLFH KDOI LQGLFH \RH\VM QDAL QWKHUY XWLHP MV K BX
RI VOLSSLQJ $OPRVW KDOI RLWHYD XRH /YOG R © bl RMKHFNGI
URDG PDLQWHQDQFH LV LQVXIILFLHQWRL Q@ KMKKVBIURD D QW |
SURWHFWLRQ LV HMWDHOH GG WMKVHAUVIRMHYR G BH DMK BUHHUHQFH C
ZKHWKHU WKH UHVSRQGHQW LV PD ®H ® W KDRD DRIP 96X W DHYYHH
PRUH ZRPHQ WKDQ PHQ KDYH EHHQ LWV KE GV RDWYF KO R Q Ht
WKDQ PHQ VD\ WKDW WKH\ GLG QRWSILR RRWG ARDKVARRHQ K
VD\ WKH\ KDYH WDNHQ DQ DOWHU Q/EDW & B HQUR X WH & H ¥ B G WHW
WKDW ZRPHQ H[SHULHQFH D Q ZHDWKE UV KDV MHBDL |
DOWHUQDWLYH H[S\KDQ\D WH Q Q/ A R X\GFED@EM IV@RGORUZ HBR HJRW Z T
WKDW WKH\ DYRMG LMRVQL IEKHQ\ RXWVLGH

"HQQEHUJ HW DO HIDPLQHG RO@HW SIHRG OWHR/H IQH ISE U |
WKH RXWGRRU HQYLURQPHQW 7KH WHGXOWV/FFHKRVL®WIKDLWW
LVVXHV DV YHU\ LPSRUWDQW DQG WKDMQ®/IKH G&REa UBDIFQIR
YDULDEOHYV DV HHMHFHVR] IRRFXWULWR QB OR O PRIBEADWWR @GWHYXVE



GHSHQGHQFH RQ ZDONLQJ DV WUDQVB®WY WS RRGF D QQ EBMUWH.
PRUH LPSRUWDQW IRU WKH ROGHVWWRKOIXQFW LIRR® ORO LR DV
PRELOLW\ GHYLFHV +RZHYHU RUG®HYW/VQHY B HGID\DWUHLD Q VD
DQG OLWWHU JUDIILWL DUH HTXIOFOIOU R RSB UY\DDUQ WD EWOHHMD U, G
FRQGLWLRQVR QAN FROWHQWISRE WERZW WRBYDWQ 6QRZ UHPR
D GHWDLOHG OHYHO HJ UHPRYDO R3 RMDBVEBD \FQRI \RQ
HPSKDVLVHG

$ OLWHUDWXUH VWX®R! B& GHMKM WVILIOW XD B\ PQIHDAWY 5R VD
-RKDQVVRQ F RKQIFOQ G H G VWIDIMVBMWRI R D B/KRIWSHUFREKDE UR D
WKH FXUUHQW H@AMLYHROQ RRHLQ W 2D B MAVGBIH\QVGL W KDIW IEID@ LV WK
RIWHQ GHDO ZLWK WKH LVVXHV L@®DQEGXPO O\DDIPVE\ | BB BVVE
QRW VR PXFK RQ DFFHVVLELOLW)\ RAK MUKHH LDVE DOZIME\HRU X Q BHU |
XVHUV WR WUDYHO ZLWK WKH VDPWH WRBE RV MUN GHASRHPW DT
DUHDV RU LQ VPDOO WRZQV 7¥H RDAN RO ®WXEQHRD W
KROLVWLF DSSUR DVHGRU RIXGL Y RHBEMRRMGU Q WS RUW HQYLURQF

7KH ILQGLQJV DERYHVHKDRIKGRUJ K WGWXHQUH\DWQIN DMIG VE\L FV HF
DFFHVVLELOLW\ SUREOHPV FRQQHFWHM&FALXUKH P D RQ W HNQIRZ!
QHHGHG RQ KRZ SHGHVWULDQV DQG NFIGIMAWYQ B[ YHHUFIXHIQ F
PDLQWHQDQFH RXWHK B | LKQA WDW WHILXUE \B I FOMYQLHRXW @& KHRF L V L
FRQVLGHU WKHVH LVVXHV

$LP

7KH DLP RI WKH OLWHUDWXUH UHYLH®JEDRQWRS AR P SWLLARQ
PDLQWHQDQFH RI WKH WUDQVSRUW E\FIQIDWWI XW\R XKILH KR L
RSHUDWLRQ DQG PBHQGWW®D QB A \DBI@EWRF®IFAMVVLBLW LW\
VHFXULW\ 7KH DLP ZDV EURNHQ GRZQ LQWR WKH IROORZLGC

X :KDW LVVXHV RI PDLQWHQDQFH RI WRHGL Q FUFBIWW UKIEQLI)
DQG VHFXULW\ RI SHGHVWULDQV DQG F\FOLVWV"

X +RZ GRHV PDLQWHQDQFH RI WKH L Q LDV BVQE FPVKWLH WWEH/

X +RZ GR SODQQHUV DQ G RHFLG/HB QVRBINHUW VV X HV "



OHWKRG

$ OLWHUDWXUH VHDUFK ZDV FR QG XBFW&BBNIDP® RVK A5G4 18 &L UK L
ZHOO DV LQ :HE RI 6FLHQFH DQG 6FRSXV

BHDUFK LQ 75$16*8,"(

$ OLWHUDWXUH VHDUFK LQ WKH 6ZHIGIrEK (1DDWL RRO G X EW U B!
WKH HQG RI $XJXVW 7KH 75%$16*8,'( GDW DHDWWHRK® W D/
1RUGLF DQG (QJOLVEVOIIRIWKDIKIHSGEMHHMDIW RV HRLWUQIILF
YHKLFOHV Q\WJDQMIRWUIWWURBFW XUH

7KH NH\ZRUGV ZHUH DV IROORZV

Xx SHGHVWULDQ ZD GNL QL FRFIOH. VR NBHRDXA SV R W H ¥ WOIGH U D
XVHU 958 ROG 25 H@GHALVISEVRQ LPSGLED R5 2A6DMRELOL\
x VHFXULW\ VDIHW\ DFFHVVLELOLW\H OWLYW DV RD FWHWRYQL FH |
EHKDYLRXU $1' PREEDQWV\235DXDDLDIDE DWA 25 DYNYEIXDW LR
Xx RSHUDWLRQ PDL@®WHRD QFIRZF RGGLAML25 LF)\

7KH VHDUFK VWULMBRLYMHFOH FZIRAUGW KDY DV IROORZV

(pedestrian? OR walk? OR ?cycl? OR bik#R unprotected OR vulnerable OR VRU OR old?
OR elder? OR senior OR disab? OR impa@R handicap? OR mobility) AND (security OR
safety OR accessibility OR level of servicer@bility OR availabilityOR need? OR usability
OR assessment OR evaluation OR attitude? @& aetion OR experience OR behavio?) AND
(operation OR maintenance OR condition ORdW? OR ice OR icy) NOT (railway OR
maritime OR life-cycle OR ergyr OR highway OR ?signal? OR ?vehic? OR Motorcycle OR
material? OR crash? OR model? OR emission? OR concrete)

7TKH SXEOLFDWLRQ SHULRG ZDV OLPHWHEBLIWR/ RI ZKLFKH V
OHVV RU QRW UHOHYDQW DW DOO

6HDUFK LQ :HE RI 6FLHQFH

7KH VHFRQG OLWHUDWXUH VHDUFKGDMWD EDGH 1HXE VRK H6 FICH/DH
&ROOHFWLRQ ZR(FRILGDVOEDYHMWLELWER VELEQ LRYGIDSKLF |
DQG FLWDWLRQ GDWD ,Q WKLV MHMRKK QW ON IIRXE W K\W DM
FRQIHUHQFHV KDYH EHHQ VHDUFKHG $OWRIHQREWYV DWQIGH Ut
FRQIHUHQFH SUHVVXUHV LQGH[HG LRUW KW LLRHT YOHE\RVY WG WLKH
6FLHQFH FDQ EH IRXQG KHUH



KWWSV LPDJHV ZHERINMQRZO6HKHEB FRP6 KBBB KXWPD GV\
756BVFLHQFHBFQOMDDMOLARQDERXW :R6

KWWS LS VFLHQFH WKRPVRQUHXWHRXBRP ® DO W VHDHWF K [

KWWSV FODULYDWH FRP HVVD\V MRIFWALIR® \SHHRRHFAHW VYR Q SU

*HQHUDOO\ DERXW WKH VHDUFK VWUDWHJ\

%ORFN VHDUFK KDV EHHQ XVHG ZKLAKVPABDOK WHDUN HW HL
WUHDWHG VHSD KD WH®HGQRWY KIH WIHDKGH \WAD DRBIG WHHIVAR U G
OLVWYV VHDUFK IRU\DDBGGWLHRIIDVOHG QGHLEPW R/ MIKWM DHBUFK V
VDWXUDWLRQ RFAMAUXUQ@DOR QHZ RWHURP\S OIS ®HBUV HW K AK E(
FRPELQHG WR WKH ILQDO VHDUFK TXHU\

7KH VHDUFK ZDV FRQGXFWHG RQ WK RI 6HSWHPEHU

6HDUFK BHDUFK VWULQJ +HIL\R VW D
QU WLRQYV

76 URDG 25 VWUHHW 25 SDYHPHQW 25 VLGHZDOI
25 IRRWZD\ 1($5 PDLQWHQDQFH 25 PDLQWDLQ
25 DGPLQLVWHU 25 PDQDJ 25 FRQGLWLRQ 25 UHSDI
25 RSHUDWLRQ 2BQRODOWBURE 25 LF\ 25
VDQG 25 VDOW 25 VZHHS 25 SORZ 25 ZLQWHU
PDLQWHQDQFH 25 VQRZ UHPRY 25 VQRZ FOHDU
76 SHGHVWULDQ 25 ZDONLQJ 25 ZDONHU 25
ZKHHOFKDLU 25 ZKHHO FKDLU 25 PRELOLW\ DLG
25 PRELOLW\ GHYLFH 25 PRELOLW\ WRRO 25 DPC
25 F\FOLVW 25 F\FOLQJ 25 ELF\FO 25 ELNH 25
ELNLQJ 25 F\FOH WUDQVSRUW 25 YXOQHUDEOH UREL
25 YUX
76 H[SHULHQFH 25 YLHZ 25 SHUFHSWLRQ 25
SHUFHLYH 25 SHUVSHFWLYH 25 VDWLVI 25 DWWLWX
LQWHUYLHZ 25 VXUYH\ 25 TXHVWLRQQDLUH 25 EHKE
25 FKRLFH 25 GHFLVLRQ 1($5 PDN 25
SUHIHUHQFH 25 SV\FKRORJ

$1° $1° 7LPHVSDQ

7TKH QXPEHU RI KLWV ZDV ZKLFKD QWVWYRL H [P0 XL ERIQ HRO G
VFLHQFH PDWKHPDWLFV HWF ZDVHQLBLUIWANH WY X D WWOQRXX
WKDW SXEOLFDWLRQV VHHPHG UHBHDYLQW G WKINV BB VUNHUDEE
DEVWUDFWYV SFV ZHUH IRXQG UHOHYDQW



6HDUFK LQ 6FRSXYV

7KH WKLUG OLWHUDWXUH VHDUFKDADIVEPNGHS6 ER SWKH 6LRRSBH
ELEOLRJUDSKLF IFQMRDWDR/QRIDWOQG RU IVHIULRQ@ PDWHDIHY P
DQG FRQIHUHQFHV DQG IRU RYHU ERXWRBRRS XYRUWHDLYD RV

7KH VHDUFK ZDV FRQGXFWHG RQ WK RI 6HSWHPEHU

6HDUFK 6HDUFK VWULQU ILPLWDWLRQV
QU
7.7/( $%6 .(< URDG 25
VWUHHW 25 SDYHPHQW 25 VLGHZDON
25 IRRW2ZD\ : PDLQWHQDQFH

25 PDLQWDLQ 25 DGPLQLVWHU 25
PDQDJ 25 FRQGLWLRQ 25 UHSDLU
25 RSHUDWLRQ 25 ZLQWHU 25 VQRZ
25 LFH 25 LF\ 25 VDQG 25 VDOW
25 VZHHS 25 SORZ 25 ZLQWHU
PDLQWHQDQFH 25 VQRZ UHPRY
25 VQRZ FOHDU

7,71( $%6 .(< SHGHVWULDQ 25

ZDONLQJ 25 ZDONHU 25
ZKHHOFKDLU 25 ZKHHO FKDLU 25
PRELOLW\ DLG 25 PRELOLW)\

GHYLFH 25 PRELOLW\ WRRO 25
DPG 25 F\FOLVW 25 F\FOLQJ 25
ELF\FO 25 ELNH 25 ELNLQJ 25
F\FOH WUDQVSRUW 25 YXOQHUDEOH
URDG XVHU 25 YUX

7,7/( $%6 .(< H[SHULHQFH 25

YLHZ 25 SHUFHSWLRQ 25 SHUFHLYH

25 SHUVSHFWLYH 25 VDWLVI 25
DWWLWXGH 25 LQWHUYLHZ 25 VXUYH\

25 TXHVWLRQQDLUH | 25 EHKDYLR 25

FKRLFH 25 GHFELVLRQ PDN

25 SUHIHUHQFH 25 SV\FKRORJ

$1°  $1° 38%<($5

7TKH QXPEHU RI KLWV ZDV ZKLFKD QWVWRLH[PWKXNVERIQ HRO &
VFLHQFH PDWKHPDWLFV HWF ZDNUOURDWHQJIJWNRKH BENWIL

ZHUH

IRXQG UHOHYDQW 7ZR RI WKMMWH SXE® L AEWLREPL HRQ F

&ROOHFWLRQ



([SHULHQFHG $FFHVVLELOLW\ 6DI

$ VXUYH\ ZLWK WKH DLP Rl JDLQLQJ NWRZOIHGHWLBERXW B
H[SHULHQFH RI VDIHW\ DQG VHFX QLR WY KHPWDD 62\M B HQVZD (
E\ 5RVDQGHU DQG -RKDQVVRQ 7\W HK D BV RO WWK N KURHZ\HSH
EHOLHYHG WKDW WKW WRRG IMXW R QXX MAKQH VRIEBME BRI ® QV RU
GDUNQHVV DQG HVSHFLDOO\ ZKHQWMW DPHO LIFOB LW IV \& DG I V!
DQVZHUHG WKDW WKH\ ZHUH ZRU U LHH 8 ROVER X W PIPQ @ FYAIHZHN QAN
WKH VSDFH RQ WKH URDG ZDV WRR QDUURZ

$UQHKHG DQG -RKDQDVRRUYH\ RQQSHGH\OLNVIWMD/FV fi [ DQGL HF
DFFHVVLELOLW\ VDIHW\ DQG VHFXBK®WG D/OKRIDW BB MKR QUERDC
H[SUHVVHG DQ[LHW)\ DRUGWHIHFLXW M\ P R K RV ¥ DAKIRV ZIHHGH Z H U H
OLYHG DQG WUDYHOOHG DORQJ D URDRPZRKRW R WK H GUWSDA
UDLOLQJ 7KRVH ZKR ZHUH PRVW FR QB HIRDHEG ZKHHWH \WHKKRV W H.
RQO\ FRQVLVWHG RI SDLQWHG OLQHV\RBUMBMW H& PR VK WIQW
ODUJHVW SHUFHQWDJH RI SHRSOH ZK FD Qi60 &/D UQQHR/XU HF R
ZDONLQJ DQG F\FOLMUDDWH® ZLRR®MD SBESQWHG OLQH

&XVWRPHU VXUYH\V FDUULHG RXW QQVNKHPXIULIFQ .S RO LW L HR\!
FLWL]HQV SHUFHLYN WHKH YLEQL E Q8 WSIMAPNA R Z DAWHIH M M/Z D J H
GLVSRVDO %\OXQG DQG /LOOH VRBZEBG WHMLVEHQW\R
PXQLFLSDOLWLHYV WKRXJKW WKDW WKH DQRH 06 PFROYLIDW R QQ

WKRXJKW LWLDIWDZBE G R Z KHKUHH WWRIKHHQLHIHH® H Q VYO \ IR X Q
WKDW VQRZ UHPRYDO ZDV EHWWHULGRQHVRQWKID\OR R | WMKUHH A
WKH\ OLYHG 1L QH KTHW MHKCHVPW | R XD RO RV IV KRRX W& H/ VW U H
WZR SHUFHQW ZD QWG WHRWWD D @/G| WDHOWK R K REK\W GVRRW EH )
OHQ WKRXJKW MR/ HDQIN MDY 2ARPOMY EMK R X 8 G Q RWD O O

$ 'XWFK VWXG\ :LMOKXL]JHQ 'H -RQJ D @& ARISPWQE®ERWKH DV
WKDW WKH OHYHO BF\RXWGRRRH SR QOWKANEOE K MW DHID@ WD U R
DFWXDO RXWGRRULYBIOIRW OR B UBVEWRBGADRI FREBRMKHG LQ
PXQLFLSDOLWLHYGAW WKH SBIWKHUGR O DHUGI DGG ROGHEH
LQGHSHQGHQWO\ 7 KMHK W VXHORB\D N KRLINBOD IKQ J KZ HBHUPRUH R
WR PRGHUDWHO\ RFWHRE OAR Z 8 RUKIIEG QEGR ZWXIFK PIRIDK VR DV H Q



DFWLYH )HDU RI IDOOLQJ ZDV Q RAW VB \LW\R E DIVWZHK®I @ LMOKN R ® W
SK\WLFDO DFWLYLW\ LQWR DFFRXQMH @ XWKGRRRODKN V ROV DI
RI IDOOLQJ DQG DFWXDO RXWGRR®HI@PFHORI TROD \L FDSO DIV R
VWXGLHV GLG QRWHQWHWXK BWHGD BWISRIH M DVONO MD FDARGJ W K D V
SK\WLFDO DFWLYLW\ VKRXOG EH WDNHQ LQWR DFFRXQW

5DQWDNRNNR HW DXLFK LQGALYEGK®W F® 6 UG YWHIRLQ/PMLO W D
FRUUHODWHG ZLWK IHDU RI PRYLQJ RXQUGRRW @ RRQE BHIHHU
GHYHORSPHQW RI PRELOLW\ OLPLWDWRRPX@HWHQLKXQ & SH
DJHG WR ZHUH LQWHUYLHZHG DW \EDMH OL Q H\HPIUZ KRRPO
VWXG\ 7KH UHVXOWDNVHORZDHG WKRPMOKW ZRRAHQKH PHQ UHS
IHDU Rl PRYLQJ RXWGRRUV 3RRU VRFWRBFEQ\RPL¥FHYW VW R ¥
VSHHG DQG WKH SUHVHQFH RI SR RU D/WEY HWWY LIFIRRGAQR Q |
WUDIILF FRUUHODWHG ZLWK IHDU FPIRPDRWK QR ORORZGRR US/D L\
ZLWK IHDU RI PRYLQJ RXWGRRUV KDGWRMRUH LWK DR IRKYH @
GLIILFXOWLHYV LQ ZDONLQJ NP BIGQGUDVWKIRRHGWM IY MID\R S U@,
LQ ZDONLQJ NP FRPSDUHG ZLWK WH RQHWK.NVE B N WDIGIDQF H K
GLIILFXOWLHVY UHPDLQHG VWDW LDAWLEDORZ XISJ QIKIH FFORIVE QRX
WKH VWXG\ ZHURWLRDWRXMMGR RUV ZDD GCROWR D DG RQBHIKD VI
RI GHYHORSLQJ VAROWHBR UWQHAD GNNR J 7K HNPWXBE FRQFOXC
NQRZOHGJH DERXW LQGLYLGXDO DQGHDUYRURGFHQWROWOGR
ILQGLQJ ZD\V WR | DROFOHYQLID ROHWIGIR R URR D IR LAPYS@ IUWWADSAND Q Q |
SUHYHQWLRQ RI GLVDELOLW\

JRFXV JURXS GLVFX\RXM 6B WH WRK LYHDAHRIIH S FHREGIE XYWL ID@ WL Q
9IVWHUNV DQG bOPKXOW LQ 6ZHGHQ HGMMWWW K Bl Q8K UNSLRAVXD RV
XUEDQ HQYLURQPHQWYV %HUJOXQG DHMWH® ONKDW WKKH OLIQ-
DIIHFWHG ZKDW ZDV LPSRUWDQW ZK HI® RiUIDIOZD OANRLGMIL GLHL B
WKH EHVW RI ZDONLQJ HQYLURQPHQRNQU Y WHWDV SFOLLRHDA  Z7IK
XWLOLW\ UHDVRQV WR DQG |URE X KROR/MR W R K BQWHR YW V!
LQWHUHVW DQG VRFLDO LQWHUDF W LZD@OW V& H KIDE LWWR/ PIRMFH
SODFH LWVHOI 7KH LQWHUYLHZHGMWRQR UNVQBDIGRNH G HER\N E
KHDOWK VWDWXV Rl VHQLRUV ZDUW RHYHG® VWULPSHR DW 06 Q
PDLQWHQDQFH DV ZHOO DV SUR[LPXWD W®R VRERDW N EWY )R



SHRSOH IDFWRUVLEXHK B\ SWLRPH PHWK W R XDIOH. WR RH WKH VX
WKH EDVLV DQG VHEXULW\ DUH LASRSWOQW®OW DH/SH FADW LYY Hi
ZDONLQJ HQYLURQPHQW )RU WKH VMQRRUVH PARKHD @ LZILI G W W LK
XQHYHQ ZDONLQJ VWXDDDWHY DNFKEDXW XJIRW VRQXP PQIGQU L $ P VR

XQGHU WKH URDG UDML ®ZSVUREOHPVHHYERQBDHOG \Z DGSHQPUHG
FRPPRQ SUREOHP LQ UHVLGHQWLDO WVYHWBR SEHQLRQVWHKS
GLUHFWLRQ D Q GGFEXON W\ G ERWDEPRBPEWRHG SHGHVWULDQ

DV D SUREOXN®G%HWJIDO

8OOEHUJ HW DO FRQGXFWHG D %AKVUWBGLQXIANMH @I
bOPKXOW DQG gVWHWIMKQE ROPIRIG PWR WRZEWEWXKIHH ZDONL
DQG YLHZV RQ JRRG DQG OHVV JRRG ZDONQGQRJ HQRLUNRKXIP I
UHVSRQGHQWY ZHQW WR DQG IURP ZRDWYW HFRKERRO H GXHNWV
UHVSRQGHQWYV ZHUIB UHO RWLKH Y SBHEWDMWNDQD ERG/HWRH\ ZH
KDSS\ ZLWK WKH OLJKWLQJ S$ERXWOZD\VWIUNRIGY WE D\W  MVKH-
vVDZ RU PHW RWKHU SHRSOH 3HRSOMGDEOWL YZHKOI\QFWRWYM ZHH
H[HUFLVH RU UHFUHDWLRQ FRPSDUHBGY WRRDLHEY W K KH WH R\
RQ IRRW LQ HYHU\GD\ OLIH

%M|UNOXQG HW DO IRFXVWRQBXS W BVMBHIY BIDHZVZ FEWED QW YV FR
IRXU PHQ DQG VL[ ZRP BQHEKREZ H DL B/KUWRMH RI ILQGLQJ RX
IDFWRUV DUH LPSRD®AD @WHIR B KRFROAYOW D ZRB NLHQIXO WV VK
LQGLYLGXDOV GLBUQRMSDHB W WR SRS XN D QRS R ALPLSR UW D |
WR EH WKDW WKH ZDON WRRN SODRW RQRD) ZMWKMHZDRBGVREH
YHKLFOHV 7KH YLHZ VHHPHG WR EH RAKLFXRIDIDWRHIRKBQ
URDGZD\ DWWULEXWHV VXFK DV P DPRWHRQYD QKL FORV BQIE
LOQWHUVHFWLRQ &HG @ RPW RKHHPSW B VKDQ F H

$ NQRZOHGJH RYHUYLHZ 1LVND DQG 6WYUUBRH FRQBKRIR®
VLIJQLILFDQW LPSRMWW DSHAUHF HSW IFRMORM QAL GHAOL ®J D ELF
&\FOLVWYV SUHIHUUHG D VPRRWK URDIG P/RUD FH L Z\NM DROQF D ® ¢
VLIJQLILFDQWO\ PRUH VHQVLWLYH WRVWRD®GHWYXU I DFHHQ G I
LUUHJXODULWSRW P DACHIS $HIMVLHWFHG DV XQSOHDVDQ

7KH LQFOLQDWLRHEWRGFEFOH QWO WVRBRYPWBFWKH ZVHYHU
ILQGHO|Z ([SHWDHFQHRMGNRENM\FOKQU DDEWHMNGK EH DGAL | |



TXDOLW\ Rl WKHWXEGH @R QUDEMWUINXBQYEHYUDRGYRRRU VD .DU

DOVR VKRZHG WKDW ZLQG S U HFH ZIHWMHWLARSR UMDIRZWD (I
ELF\FOH H[SRVXUH $ VXUYH\ %HUJVWLGPWKQG VDK B X M VA
SRWHQWLDO WR LQ IDXHQHF Y W\KEDRMRPIG EPHDW Q/\N H D QFHH U/ Q R 2
SURYHG WR EH WKH PRVW LPSRUWDQMW EDNVQ@RM DFQRFH [PGiH
LPSRUWDQW IRU WRH \WKRIQAS RU \R HEEDID WWWRD W IR D/ADH H V
UHDVRQV

.U|\HU (ULNVVRQ DQG )RUVPDOQ LISQ ¥ H WZ H HIOW A G- O IQK
ZHDWKHU FRQGLWLRQV LQ 6ZHGHQ YOG IRRX Q B HEK B MWWIOLW KRl
VXQVKLQH DQG ORZ ZLQG VSHHG FRUUWHODWHKGE ZLWW HUWL MK
2FWREHU $SULO DFFRXQWHG IRU EHRIZ IRHQVKH V XRIP W H/ IF DR
WKHUH LV D JUHDW SRWHQWLDO WR \WKMHWQGD\Y® K HWLXFP@ Kb
EHWWHU ZLQWHU URDG PDLQWHQDQFH IRU F\FOLVWYV

YREXV JURXS PHHWLQJV ZLWK F\FOLWW@LIQY 6/HBW®Q UEN\HLDA
URDG XVHUV DQG JHRPHWULF GHVLJI®SHDKRGWFR KD WR
LPSRUWDQFH 1LVNDQFH ZDW IVQWRIGHIFA/Q QI RALR WKFO® P DL
ZLQWHU EXW WKLV PDLQO\ DSSOLHE\FRUGVERY B\SHRBQW fi\
KLJK VWDQGDUG KDIVHBW RRP BE E B WW UL SN ULRGNW D YG |
LPSRUWDQFH WR UHWDLQ WKH GDLO\HEDMMHY 1LVRROOHE
QDWXUDOLVWLF F\FOLQJ GDWD |URKLOHEEFREPQQVWMW & R RKY
PDLQWHQDQFH Rl WKH URDG WR LQFUHDVH WKH ULVN WHQI



/KH LPSRUWDQFH RI WKH EXLOW F
PDLOQWHQDQFH IRU URDG XVHU EH

J)DVNXQJHU V VDXGWL R G WWKHH EDPLSO W/ HHRG DLHU R BAKH QW [R@) D F!
IRXQG WKDW SHRDEDIDLYHY L G QQPAILIHY SIKW W IDAD DOV HD FW L Y H
WR UHVLGHQWY LQ RWKHU DUHDV V: DQML YR DQ\G FONRLBR Q
EHWWHU VRFLDO KHDOWK ZLWK LQFNB¥HBOVRESDW DFAR ®RW I
3UR[LPLW\ DQG KLJK DYDLODELODWE RIUMHQYVSEFH VYD RLPVY W2
PHHWLQJ SODFHV HWF DUH H[WUHPH®QUPYRIUW WKW BRS X
SDWWHUQV RI PRYHPHQW HVSHFLDODHK WIGHY D RWER R W\ HVF
ZDONLQJ RU F\FOLQJ WR VHWWOH RIDWPWEWY BIOD PRV Y&
WKHUH DUH LQ DQ DUHD WKH KIQUKHQ WKH DU NB @UKHR BB JIJWR
DFWLYH )DVNXQJHU

%XLOW HQYLURQPHQW FKDUDFW HYH \OX LFF VWY & B WD I H GBARHRW [T
GLVWDQFH WR WDUJHWYVY LQDGHTSRIMH KQJK DNVWIIXIEFV X R © XI
VSHHG RI PRWRU Y BKHNGIHW LYYV HOWR K WE\R RIRP DEHL QRIW H Q
VXUIDFH RQ VLGHZDONV KLJK WUDLNROTROK® H OPFIHWH ODLR
WR UHVW SRRU PDLQWHQDQFH RI VLGN ZDERXWDOLR 6 HOHHS |

7KH VHEXULW\ LVVXH LV Rl JUHDWDICP PRUWM PQWH WWRSS
ZRPHQ FKLOGUHQ WWKHGHODEHODG DRIV XK FXUWR\ LW B UR X JK
HQYLURQPHQW DUMWRU BOLIKS\CLH LEWFWYHEWLQ G LMQI KWW DI I LF
ZDONLQJ DQG F\FOLQJ URXWHV DV EHWODDV FNVDINHLIOGE P)IDNY

-IJHUEUDQG VWXGLHG KRZ PX®K RO N WQUH Bl @/GOR\FON 0Q JL
WR VKDGH Rl WUKRY WKBIW BQXOW\SW/DREN YHRWWRBIL@Q DW
DQG F\FOH SDWKV KDYH D SRWH QWLH 06X\F K ORFRMW Q X Gill QHIF W
FDQ FDXVH D UHGXFWLRQ RI LOOXPLDQ® LIRAO OLHYYHHOAW E § [EW
URDG VHFWLRQV WKHUHIRUH HQGHGDMEG QYR WREAHU RWUIKA
$FFRUGLQJO\ FXUUGIHW. GHN GKRMIKIKW NRLYHIUDZDG F\FOLQJ SDW
DSSHDU WR EH VXWMLFLBIQ@RZ WRI ISEMXMRY WUHHV DW Q



6KD\ HW DO HDPLRGG BFAMRMHLD BY LUBY DQG ZDONLQJ
RI ORQWJRPHU\ &RXRX\Q G 8WX@IQDH.IERN DWIGG HZRGN FRQGLWLR
DVVRFLDWHG ZLWK ZDON WULSV P FOLK IWH\D Q7 B H UFHR @ MOOHML
VWXG\ ZDV WKDWHWSRYE ONMDRH B YIDU RIQ RM € W DAOR | W/IK\M K U HAMH V
VWURQJO\ WKD @ WR PIRUGHT ® B\ OWABQH V

I X H[SORUHG @V VIHWWEBQWWLZDOREQW ERI®D YAKRXWH U
SUHIHU WR ZDON DQG ZDONLQJ HQYLIUWR@RPHOQWLNOLW DIQ\G LD
LQ 7H[DV 7KH UHVXOWYV LQGLFDW H RWKK WQ ®R RIUHW LDAHI W X'V
H[HUFLVH RU RWKH URDQISWRHFH \WW L § VW G ROMAL\QSODO QL QJ
GHVLJQ GHWDLOV VXFK DV QHLJKERWU KR R/G WIH®HZDVOLNR GR Q
VHDWLQJ ZDONLQULERW R FFRQQ W RU B/ ISDGIKQ JISDERBQ FHKR | K
HILVWHQFH RI VLJQDJH HWF PDNKRYQRKQFB QG VE GFHXQUN\H
OLYLQJ IDFLOLWLHY QHHG LPSURYH®MQWR Q@ HDIVOV DR/FSBIHF \X 1B
UHVLGHQWYV

SDQWDNRNNR HW DO H[DPLQHE UWKIHQDW K R FRODWGE RRUEH |
DQG SHUFHLYHG RRGODLIH RQ ® WHR HDQUW RV VY R XIHQUKRIXIWGRRUV
SK\VLFDO DFWLYLW\ QHHGYV FRQWUDEXWHR "WMR LWKWLHUPVNRY L
FRPPXQLW\ GZHOOLQJ SHRSOH DJHG LIWRDV ZRX @GP WRHE Hi .
DPRQJ WKRVH ZKR UHSRUWHG PRUH EPQWLHJS8 HLQ MKHRHLQJ |
PRYLQJ RXWGRRUV RU XQPHW SK\VYPRZHI FWDONWQDMBEBNGI
FKURQLF GLVHDVHV 7HUUDLQ WUWOLNM\FRD @G |6 LW WWRM KV IHQ
RXWGRRUV RU XQPHNW FHBHKGWL FOKH DIF DAL Y IBAWBIEG WH B VRIRFLDV
TXDOLW\ RI OLIH

‘DOOPDQQ HW DO FURKNRQGHKFWMLRGD D& DELUIWHQ VE VWK X UE D (
DUHDV LQ WKH ZHVWHUQ SDUW RI *WKRWDIQR DROQ DWW WH. YOLWW\RE Q K
RI WKH SHUFHLYHG HQWBGILQR § PVHRVEZ HEGK BI\Z W R FL I3 FMARYELINO. D Q G
DFFHVV WR GHVWLQDWLRQV ZHOO FDD®W MFQWHLG N/ LSHRZDXD
QHLJKERXUKRRG DQG QHLJKERXUKRRG VDIHW\

5RVHQEHUJ HW DO FRQGXFWH G X.MW&HRSYWKU L\g WHH DY HHR
XVHG DQ DVVLVWLYH GHYLFH DQG OR@WGE ZE& UB VRKQ MIVHRID J
\HDUV RI DJH DQG SUHGRPLQDQWO\ IXW\HG. F\DW K M P B B CSNHHUUAV/I
VLGHZDON DYDLODEQO LUMDP & QUG IF IRGIEEEMMDBIK WW L RO @\ JKW L Q



SUHVHQFH DQG IHDWXUHV Rl FURVNHED ON)\G B KB DODHEL @ QWAW
ZDONLQJ SDWKV VDIHW\ DQG WUMDIYBWMHWRBG¥E X [\® W HQ
EDUULHUV DQG IDFLOLWDWRUV WRH®HRUKPR®OKRR G E® \RHG
ZLWK PRELOLW\ GLVDELOLWLHV 7KBW RGFORXDRQWURP QUKL
HQYLURQPHQWYV IRULRQ WXDON SRISXODWWLYWERHBWEQYL PMR
LQGHSHQGHQFH DQG KHDOWK

6WDPSV FDUULHG RXW H[SHULPNQ®@Y ZLSMKUWLELBRD W\
UDWLQJV Rl SHUFHLYHG IMXQMDBEL GEMWHRFQ® \SHUWUH HRY GLIIH
RI VXUIDFHV SDYHPHQW JUDVV WD GG UBBGYHRBFANNO N\W EADM
RI VXUIDFH XQGHUIRRW ZHUH KLJKOWLFKRW K H ODW HISF H @WHLUUHR
WR ZDON RYHU ZHUH SHUFHLYHG DV BHL\ B PLRUIH WHKIFD R X L
ZHUH HDV\ WR ZDON RYHU

$QQHDU HW DO H[SORUHG W K HOKYHIQFHYFRQ FRRWD @ BY LG
DQG DFWLYLW)\ SDROQWLBLUSYDWKIRRZQW KB R/QWP i RVUDNDH IGQH@YH Q F H
SDUWLFLSDWLRQ LQFOXGHG FOLWD@MH WUDR IGF RDASHREQ/GNL 1L @
DSSURSULDWHQHVIFROVWUMVF HD\H DY RHVU BY WSHGEMAXWH  FR
VRFLR HFRQRPLF FRI®GLR/ LIRDVL VHRSIRBIOOWE HEXIDWZR XYM  S/IRU W L
HQYLURQPHQWDO GHJUDGDWLRQ OMHY NG VRW XQ EWD QIQ\GP | DHH B
ORFDO HQYLURQPHQW

.ZDUWHQJ HW DO UHODMI\ROMKHLGYV EKHRRBHHQ YQH RIKFERYXW!
SK\WLFDO DFWLYLW\ DQG WKH H[WHQWLHMER EAKGFK RWKHB ¥ |
FKDUDFWHULVWLFRI RWK I HBKR M SMOLGR @@RH YWFLQOORQ W.R PR
LQFRPH QHLJKERXUKRRGV LQ 'HWURLW WOLFKDW QVLGKAL
LPSURYHPHQWYV DQGVURIX FOAVRYG K @ IS& DHNMNE B R\ FRPRPRKR W H
HTXLW\ LQ SK\WLFDO DFWLYLW\

$GDPV HW DO H[DPLQHG WKH DWIRH LIDGMIRRQ RH BWM |
ZRUNSODFH QHLJKERXUKRRG DQG FRPVWXWHULZDQNL@\JPEH
WR ZDON IRU WKHLU GDLO\ FRPP X®WHIQILW & W\ ZHBNRLUQA HUER W\
SDYHPHQWY PDLQWDLQHG SDYHPHQWVYWREZDNRBEREPQKG WG
LPSURYLQJ DQG PDQRMWDIL @ RY L WRG BD VZ FOUNSADF HYLD QYG H
LQIUDVWUXFWXUH DERXQGHYHIZQ BB UW SO XZSRNLVY JF R RRX\ |
FRQVLGHUHGJBDSIRWRURWHDWPHQW



$OGUHG HW DO D WPLDFG i HDY VA YZ WRED VIV B W X G LSIWHHHDAL QL Q J
WR ZKLFK F\FGHHLKUKHQNW UVORUW XDU BIH GGIHHZ RO GVEM VW
FRYHUHG SUHIHUUHG ZLQWHU PDLQWHFHQD QFWHD P N WOKLR & W LDQQ
IRXQG WKDW ZRPHQ UHSRUWHG VW UR®QHUUVHSHIHDW QRS M U/
WUDIILE $OVR D IHZ VWXGLHV VXJHDAWNW KEHVDZ RFH\H 8 DE'
FRQGLWLRQV KLOOV DQG SHUVRQP®XVDROW\ IEREFWKB W H
WKDW LQ ORZ F\FHMHNL FRXRW QEHWBVWHKRY¥DE EH RF WKH
SUHIHUHQFHV Rl XQGHU UHSUHVHORMHIYRXNSD @G BDVQBGH R

3HUH] HW DO DQDO\WHG OHY HDW LRIDYKLQOLEDQ DFHWR Y K
DQG IRXQG VLJQLILFDQW SRVLWLY H HY \KPNLIW LRKOWW DR RV L
ZDONLQJ GLVWDQFH IURP KRPH D QGWWLUD/QHSRIWLIRQM QH $
LQFRPH ZLWK DHVWKHWLFV DQG VLGRXD®N YAD DY WRI RLIDQWFIHR
EHWWHU SHUFHLYHBQWVHGBEQBOMHP B K (W MIQLPIHWS KAD Y FIRX Q G
WKRVH ZLWK D KLIJKHU KRXVHKROG LQFRPH

JRUVPDQ *XVWDIVVRQ D@M® ONWHGE W UD YBHZMH & K@Y A LWIK W K F
KLJKOLJKWLQJ F\BDRYWVD R GELEHREG MRYGHW R UKD \@ HY[{MWBI QW F
ZDONLQJ ZHUH FRPELQHG ZLWK RWK HUMRRKGID\H \RD Q/GJ) DR ® QV ]
KDQG KRZ F\FOLQJ DQG ZDONLQJ ZHLUHHRLMW R IQEPXVOING/ L QK(«
VKRZHG WKDW F\FOLQJ ZDV LQFOXGH® DD/ BW 101DV WRR @HD
WULSV ,Q WHUPW RVKZD BRUQ B WSWRLGSG )RV | EYX®IHQAD YW ZDV D
WKDW WKH SURSRUWLRQ RI ZRUN KALUKSIW E\QE\XPPOIH Z\DK/D QL
7KH DYHUDJH ZDONLQJ GLVWDQFH ZIDY WYXORLRIK W OA RZRIY HHUU LR
WKDW ZHUH FRPELQHG ZLWK RWKHU PR GBY RIONLU R QY\0S RUW KW K H
WKDQ LQ ZLQWHU B6RPH GLITHUHQFH W DH ER WKXIQGE EH W IR(
DQG ZDONLQJ ,Q WHUPV RI ELF\FOW ZWX K ISIKRISRDWR QD 7R FE
PHQ EXW WKH DYHUDJH ELF\FOH GDOWDQJF W ZD ¥ VO E@WHKU WK
RI WUDYHO DQG DWHKUDHHHWORY HOUIRRIQPHRP HQ WKD Q

$QWRQDNRV V WRSE IOH. & GV FRQ VHNMWY 1 @ RQ/F/EKGIW DA G HH [D P L
LQIOXHQFH RI SHUMRLFNO WKDUY B BDWIHN®R XFURFIWW WDBLE WWU R |
HQYLURQPHQWDO SUHIHUHQFHV HYDO X®MWFLLR/QRQR1 W\ ELF
WUDQVSRUWDWLRQ $JH ZDV SRVLWRYHRQ ERDGH DOFW 8 GWZ
LPSRUWDQFH SODFHG RQ VXUIDFH TXDROHW\ BRGUWPHDGHLE



SUHIHUHQFH IRU ELNH SDWKV VHSDAHQMWG DQRP WHUH D RO &
LPSRUWDQW WR ZRPHQ RQ DYHUDJH WK Q B JW R PYHHO \&K RO UG
SUHIHUHQFH IR UHR/ IDQRED GR IFFH. @ QDIDIE R XDAD & DVHW U DW Q

$ VXUYH\ E\ :DUG 7KRPSVRQ HW DO ODQGQ:D®HU WLRX % FIR
VKRZHG RXWGRRU DFWLYLW\ SUHGLRWHG ORFRDYSQUND B®
EDUULHU IUHH URXWHV WR LW DQG ®WK® U DEOMX WROSB QXL
RXWVLGH WK M HKRXFMHHEOWRPSH RXWGRRUV

$ OLWHUDWXUH UHYLHZ E\ -RQVVR® DV & BMHELFYR@QH VKRER|
DV D YHKLFOH Il RWKF\ FRIQWmIL WQ RBGARRSIDG VULR SEDGFKRRVH QI
WKHUH 7KH VDPH DSSOLHV WR WKH, XWH HR IE K X VW W\R B SIW R3L
DFFHVV RU RWKHUZLVH QRW LQYLWDQU VRIR I)E AKBRR Y HOQ
LQVWHDG 5RDG VDIHW\ DQG VDIH® \DNULHP SIREMDQW WKR W R
ZKHQ LW FRPHV WR F\FOLQJ DQG ZDOINLVQLIQRQ FOUFIR XEQW WD\WU |
RQ D PDMRU URDG

$ VWXG\ LQ WKH 1IHWKHUODQGYV DQWa™Q\QFFEQFOPOGH & VWK
F\FOLQJ FRQGLWLRQV OHDG WR KLREEGV ELWW @B Q\VFH\ DAL/
PRUH HIIHFWLYH ELF\FOH SROLFLABO® WRDQ W IRDQ IRWEG D Q/L
JDLQ E\ LPSURYLQJ FRPSHWLWLYHQH\DWWRI| EDMRD FYWICH ¥ F
FKDOOHQJH RI PDNLQJ F\FOLQJ PRUB HDWWVUWDFWLLF R E & M\D W(
QRLVH &52:

$ SDSHU E\ 5LHWYHOG DQG 'DQLHO XQLFRSDOLWWAVSW R LEK DIV
H[SODLQLQJ YDUL B WH REQ\W ZE HEQ) PRSI W WL B '$ SHP® \F WWKLID W F
LQWHU PXQLFLSDOLW\ YDULDWLRQ RO ED ¥ SHFW X WHX EK DWW
GLIIHUHQFHYV DQG FLW\ VL]H DQGH HDWRXGIWRIHWKH SRISHL
HWKQLF FRPSRVLWLRQ DOVR DSSHWUH GVRDRILWWG MYV PSR UWK
VWRSV F\FOLVWV KDYH WR PDNH RQXWK HLQGURBIWMWMM RILB\G
DGGLWLRQ WKH UEILCFD RN W BIRW K \WWHR/EBHRE WSW B NADQUW FRV WV
WR PDWWHU 7KHVH UHVXOWYV VKHH ROEDKWVR\Q YD QHR YD ERH
DV WKRVH UH O DDAHEG SW RV D F B DGHHIQRWWIVOW K [F W QDALKE KRG



30DQHUVY DQGNFHALVYRBZPRQ WK

-RKDQVVRQ HW DO FRQGXFWERQP RXOWMAYSOIZ QP @H UK LW
PXQLFLSDOLWLHV IRXQG WKDW WKHOGROWHEBW YV RX MONM HHY L
SURYHQ WR EH FHQW UBFROF LRIW S DG ARBWHNMRS BERYRGHSHGHV W
DQG FUHDWH WKH L PMDUBI MR OW P DMRAIPL W K UKHEY MW D W X V
RI GDWD GHVFULELQJ DQG TXDQWLI\RQPHWE@RGYJI|RUQBHW ¥
ZDONLQJ

"HQQEHUJ H[DPLQHG WKH LPSOHRHSWD@QR®JSDRBHNM
PHDVXUHV WDNHQ WR DFKLHYH EDUKH HUQGH®JIRXWKKRRERD
YDULDWLRQ LQ WKH LPSOHPHQWDWLRQDBRRFHBYHGROQE
PXQLFLSDOLWLHV FH® FEYDLQ IRH US/K WK HS RADHIQ WRO@G | KD YH Q F
ZDONLQJ LQ ROG DJH HVSHFLDOO\ DMRQ I PROW®MLL BOR DAH:
GHYLFHV $ WUDYHO FKDLQ SHU YV SHF WIKYRX RQ LOIDFFRHO/WILEL Q@
SK\WLFDO EDUULHUV IURP LQGRRU W R/ IRDXQWCSRRRIW HRQRYG_H) RAQRF
IURP SXEOLF WR U2DG BB GWR B O HDAJHRNDHG/N DDVH SHOM F RP SO H
E\ FXUUHQW OHJLVODWLYH GLUHRAWUYMVRR® VDR BDHR/W K HIUOIL W
HJ SUREOHPV ZLWK ELF\FOHV DQG FWKO/L DW \Z RQOSDY HPKIH
EHQFKHV WR UHVW®R QR WKRBHRWHD IQFG BQRY HWRRQO ,Q I
VDIHW\ VHFXULW\UHH QP $RIGW DOWK HXRBH YHQY LERWQPLHHUW V D
FRQVLGHUHG DV \ULROV LEUSTHR RQBQ THMELLWIR/D\PW & VK \DHV D O C

$FFRUGLQJ WR URDG PDLQWHQDQFH BROGQUMWRQYWRR VP D\
F\FOHZD\ PDLQWHQDQFH LV WKDZLQK DRYGO RIZHIB] LY JL RY HY/XV
VOLSSHULQHVV 1NOXRG DQG:DDOPEHUZULWWM® XGLGWEH U
PDLQWHQDQFH DJUHHPHQWYV LQ 6 XHGW WK R XUGH TP LSUDHORLFAQL W
UHPRYDO RIWHQ DUH YHU\ JHQHUDSHBRQIGFL QG HADFQALSDWLHR\Q  RVI
UHPRYDO DW SHGHVWULDQ FURVVLQJV RPPRQOGXE@HAWSRQL
UHTXLUHPHQWY DUH WKDW SHGHVWURMD Y FRRDOHULQYIWRVKR X
YLVLELOLW\ DQG WKDW WKHUH VK P ® LEPH. W RV X 8 RIZE \ @/ IUW ¢
SHRSOH WR ZDON +RZHYHU RQO\ D KFRXISQHWVRI GKIQ QL ZB
FRQVLGHUHG WR EH DQ DFFHSWD E O$V KHLIXWG R | DVF K H VUH\EX_ ¢
GLVDEOHG WKHUH DUH QR H[DPSOHNV KRHLZKD/W LHO 6 RROMQ IGH-



KDYH GHILQHG WKB MWDW W QUWFDUQWL. BRUMKQHR W FUBHAP\R RD WK H |
VLQFH VQRZ LV D ZHDWKHU SKHQR P HRRIU WK\D WU @/ KW HL ¥
WR GHILQH VWDUWLQJ FULWHULD MRDGIPZ RQOWKHHEBB UW
PXQLFLSDOLW\ V DFWHKDOLUKNE AWWRQDQHFRWMAE HW EURRBR X
DJUHHPHQWY UDWKHU WKDQ LQ ZUXW W@HV DYIRIBH\HP Y@M IV KQ
LV D KLJK ULVN WKDW LPSRUWD QW OIR\RE O 8i@GR 6 H.D/UQIRWG FROYQ-
IXQFWLRQDO UHTXLUHPHQWY OHDYMQD ODHJELNBIWDILWRR E H |
GLIIHUHQWO\ E\ FOLHQWY DQG SHVIRNPGEUYIJWEKIEE REBDESUY]
KRZ DQG ZKHQ WKH VQRZ UHPRYDO QMWW RE BW FHDHQ WHIGH RPOVD
DQG WKH FRQWUBDFXLRIMH MROAMHQIRYVLBQ® UR® G § RRIGHU R U
UHPRYDO WR ZRUN DV WKH PXQLFLSBOQRRGZVLYRHBAW HRRIY DBL
ILQHV VHHPV WR EH PRVW IRUPDO KQOMKHIEBUQBHRNEWE DO
UHPRYDO KDV QRW EHHQ FDUULHG RX®F WQ RIFF®R WHITQEH HZ
UHYLHZ RI SODQQLQJ DQG GHVLJQ JXICCHOERQHY *XVVWBINVI
WKDW WKHUH DUH PDQ\ GLIIHUHQW: VIXD@GE VU ®\Q GR VU WIKQGD
LQIUDVWUXFWXUH LQ 6ZHGHQ

.RJOLQ VW X ®\HQS HRAEI®Q ¥ MWW WE BROXRIKN K ROPHDY & &R SH
IRXQG WKDW F\FOLVWV LQ &RSHQKD DHD® &DEJ D LR U Bl VS\RNVXLF
WKDQ F\FOLVWV \LIQHPWMBFW K R &/PW KWL 8 HR & PDMIHRIY MIQGHS R O
WKH RXWFRPH Rl WKHLU GHFLVLR QW[ SSHEL I@MH ¥ R YRIH \HS B P
&RSHQKDJHQ D FLSNW\L RAKIDWL JFHYH BWF®\W QW U DV M E OF0U RBW H G
SUREOHPV IRU F\FOLVWV 1HLWKHU &RBHHEKWYRHBDUGIRN 6 WHRHF
GRPLQDQFH RI WK I$ PPRW RURWAHEDVEDBWWDU RQIDL F V\VWHP

1LVND -RKDQVVRQ DQG &DHVDU PR 6 GXTF® HRG HIQDWHLLE
SODQQLQJ VWDII H[SHUW VHPLQDUMWRG &ZN & HQHZ LRV KD /&
RI LGHQWLI\LQJ WKH GLIILEXOWLHVIILE ?DRQDNL @R G QOEF PV
PHDVXUHV DQG ILQGLQJ SRVVLEOH QROXWILLR@VYURR WKH BV
WKDW WKHUH ZDV UHDVRQ WR UHYLWWUWIRE GHRDLIONHGE G
RSHUDWLRQDO DQG PDLQWHQDQFH SHUYSHRWLYH E7XE DEQ
GLIIHUHQW JRDOV DQG LQWHUHWADWQBGXEKVDWKHRDLE W DVHIH O
PDLQWHQDQFH DQGYBRYWEOHKWBR HYHDXRIQBIF X QFRIG EWURQ'
DYDLODEOH WR HYHU\RQH LQ WKH 2L QWHRUH3OHV XWKHRQ |



PDLQWHQDQFH 7DFWLOH WLOHV DU XOQWUW RS BREOKQP DWHF
HGJHV IRU YLVXQGONKH SDLWR G PHWHURZ DGIN U PBKWRK DU H
WR PDNH LW HDVLHU IRU SHRSOHW IDUK GLHWILE IQO GW WHD\L GWR
ELJJHVW SUREOHP IRU ZLQWHU P D LJQWWH@IGFHY H K HFHRIWV G K
UHPRYDO KDV EBH@ X\ ZH VWKL WKW HIRIQIF\O K X URI G QWKODWQ W KDHO!
RUGHU WR PDLQWDLQ DFFHVVLEL®IQFHD QR SHRDG VROHDW\ LL\C
EH FRQVLGHUHG DG \B KM LI QDSKDL\GHU BRHEG X 8 H IV DDV P ISW K R C
EH DGDSWHG WR WKH QHZ GHVLJQ OQH/D R/ LSHIR FXRIBIHP HGQAW D«
IROORZ XS DUH QHHGHG

5RVDQGHU DQG -RKDQVVRQ FRQGRRWWGF RPPIRY)L IS D ORQ (
PRGHOV DQG PHWKRGV XVHG LQ WURYIH B CPOH® DX B HVRL RQEYZH
WKH GHPDQGV RI SHGHVWULDQV D@V K\FEPOQNNY FOMWEKH B RX
DQG F\FOLVWV ZHUH FRQVLGHUHGDIQR ISPUWREX®NVU ,® W G
GHYHORSLQJ WKH DVVHVVPHQWYVY LQHVURWRREHFEYRPLW FDO A
WKH EHQHILWY RI ZDONLQJ DQG F\FME W R @ DWIHDNGIGD D HDIL
IRU QRQ TXDQWLILDVEDH BHIHWEW V7 KQVDXH HRMV SBIFEBOWLELOL!
HYHU\RQH D EDVLF DFFHVVLELOLW\ ZLWK JRRG TXDOLW\

J,QWHUYLHZV ZLWK RIILFLDOV LQ 6 ZH G LWKR PHK® LW KHMO L\
PXQLFLSDOLWLHYV @®DUIE QAHROQUREVWIMRYD IRIUEER QROMUIXQ | UD
EXW KDYH WKHLU RZQ RSHUDWLQJ DGG ®DQHWRE WG FHDUX
SULRULWL]HG 7KH ODFN RI UHVRXHW\FWVREV \¥BBYHGHR HRG | M1
VWDQGDUG 7KH PDMRULW\ RI WKH P@W & WHIGHZGA W R § \KLOG
Rl RSHUDWLRQ DQG PDLQWHQDQFH RIIQF VRXQH DFBIWAKW D @ & B UJ
KLIJIKOLJKWHG JLYHQ WKH F\FOLVWHW SXEQYEWLY VWM QR \L DL
GHWHFWLQJ GHILFLHQFLHV 7KH PRVW RFRWPRHR QR S}HRIDIWL R
PDLQWHQDQFH RIFUROH GDWHKVVDDOG VOLSSHULQHVYV

1LOVVRQ HW DO VWXGLHG KRR WBN HPRINMK VP X QIHPLSW DI
SODQQLQJ DQG GHWQV @ QRSUI B X G 6 VIWBLIEWM WZKHHIMH W X HD YIL VL R C
RQH DFWXDOO\ SODQG KREZ LIMR NRHFWKNMWH GKHUNORRIQQI DUH Q
YLVLEOH LQ WKH SO D®HMW QI OHELR RIQ\RZ @O 1 R DIER X' WF @VIKL P \
PLVVLQJ B6HFXULW\ VDIHW\ DQG U RDIZOPDRRWEHQDWQWHR ZDIO |
VFKRRO DQG RWKHU JRDOV |IRU HIPUFHDWRIYG ZKFWHDW LIRF



GLUHFWQHVV VXUIDFH VPRRWKQHVIMFDQ® WRB H QR GR QI P
7KLV GRHV QRW PHDQ SODQQLQJ VHSDWUDWIFKQBEWZRUNVY QR |
KDYH DQ LQWHUHVW LQ FRPELQHGQI[HQ MR/ B IFRX QW PV KH W
QHHG WR EH PHW LQ GLITHUHQW SHOW MWQ/J RIVWK B DXUJEIHQ DVURH §
RI QLJKW WLPH DQG ODFN RI ZLQW HWI WRD\G P DEMWWH.GIDQW R
WKH HOGHUO\ 2QH RI WKH PRVW LGHEWRDVEHYWULEYROWQ & OV
EHKDYLRU DV D PRGH RI WUDQVSRUWHH@® DWKEB PR Q WALEBDOROW
DOWKRXJK RIWHQ DI I\RUDRW S/RIQWP RIJHFGRLW LRQ DO 8H HMX W
SODQQLQJ 6RFLHW\P&HHGAS VRRH SIRRIXSHE/GB @ &/ FIUI@ WW D SLF
IDFW WKDW ZDONLQJ WUDIILF LV MNWQBWDRMQ VDM IDAUGVW R X @ G
DV D VHSDUDWH WUDQVSRUW PRGH DI G \FBPP 8 HHG DWRUDQXE
SULRULWL]H ZDONLQJ DQG PDNLQHWQUW KHR WHY R ODRVN 8 ODIKH

*U/QYDOO -RKDQVVRQ DQG 1LVND | O LIEGHQ BWHW.HHGH Q QX F
DFFHVVLELOLW\ YHUVXV RSHUDWLRQRQPBQWD LRQWHQYXQBH
FRPSOLFDWHVY VQRZ UHPRYDO DQG FOMQDREOH @ED\BHVLIFXI
HOHYDWLRQV WKDW PDNH LW GLIILFX0OW DRMH \GDRPS UGIP B Y
LPSDLUV RSHUDWLRQ 7KH FRQFO X V& FE@ @DV FWK\D W WPLRO/QV KRDI
VWXG\ PRUH FORVHO\ 6HYHUDO R MW RM LGILH IHW HIQ WGD ERIQNO
JLYHQ WKH RSSRUWXQLW\ WR MR L @WOZ RAHY HOR S GO \BIDAQNU
D QHHG WR LQYLWH H[SHUWLVH L8&H®DWLURMQ M WRE XWK B WHIR
DSSURSULDWH GHVLJQ DQG PHWKRG SURSRVDOV

$Q H[SHUW ZRUNVISRY H LRV kG MWWMFEK B X INQDJOWD IRUR R VFOUR S Q G
PHDVXUHV RQ PDMRU URDGV -RQV VHRWDHWHIEOGH VL JE RRY FIG
VROXWLRQ ZDV FRQVLGHUHG WR EHPDHNH WKSR LDFD QW \6 BD
XVH WKXV FUHDWLQJ XQQHFHVVDUG SUHREOMRN S)DHF WRQUAH RR
VHSDUDWLRQ DQGIGERPBQWLRADWHRDWE EDDIVKWRQYIZGHUHG

PHDVXUH ZKHWKHU WUDYHOLQJ DORQ@NRUVIDAHRNY\D Q GJRBBEX
FRQVLGHUHG LPSQGIMPQ I \SBIRERSWWKEDM UK RVKDW FRVW FRQV
VRPHWLPHY KDG WR DOORZ ORZHU GHVUGHIWHSI XAHSIX@®D BX\
GHPDQGHG ORZ VSHHGV 7KH GLPHOQNRRWOIGRIUW & H. P § RUWMNWVDL
SDWK RU ZDONZD\ PXVW EH GLPHQWLYRI@HBKWR W/HBIW KIRYTHG WK
ZLWK HDFK RWKHU



$ VXUYH\ LQFOXG LRBXM WHRXSL M IAKGL YW XDELGH VRDLOARKZ VW D N
FDUULHG RXW LQ 6ZHGHQ *UXKV HWUMOD QXP BHR ZRH GF RV@
EHWZHHQ VDIHW\ DYQHU V¥V HRSHED YLRD DB %HRMQVOHYNQ F
KDYH RQO\ EBEHG WRVIFWLPLWHG HIWHOWQ® SGIDEQUGK OR A
OLWHUDWXUH KDWGV®HKFL FIRRD O 0 R WV XSG E Y @ LVEDLIGIMV\ Y H U \
DQG PDLQWHQDQFH +RZHYHU WKH TWHWWERWQK/HB UHY UG H
FRQWH[WYV

'LWK UHJDUG WR DFFHVVLELOLW\HI PW I KRISAODH. @ H\G KJ GILE B @ |
6ZHGLVK 1DWLRQDO %RDUG RI +RXVLGJI(7%XLOGLQZRBGH3OL
VHYHUDO RI WKH GHVLJQ UHTXLUHPE&QWWDUHFIRDHUWQHDBU i
LQ D VHULHV RI UHSRUWV DLPHG DW.RQDDI DN SHFIWQY/Q B UM
H[WUHPHO\ VSDUVHO\ LQ WKLV OLWHH DWXWHL V,QSWHKH R 5 H
RSHUDWLQJ PHWKRGV DW ODUJH D Q@ HUKIH \§ URESHVP R | WEK-DN
DUH QRW KLJKOLJKWHG 7KH ODFMDRI QIGILVADDAUHK \@ K D/\W ULDAW |
GHYHORS EHWW HUFRQRQ IOFHG\ D @ G V8 IRRKH. E Q W/ N B OLXWZIVR QO V F
WKH FRQIOLFWV GEG \WEFHWQVY B LW WD ¢ 8 IPDXU\Q R/SIQUDIW HRHY[ L V \
KDYH QRW EHHQ PDQ\ VIVWHPDWLF BHBR®YHADWKHWVKREQ HOW
IROORZLQJ FRQIPHFVEBHBRXILHG

X YXUQLVKLQJ D VWUHHW HQYLURQPHGW OWKDW. Q@IJJUDYDWH

x '"HVLIJQ DQG GHWDLOV RI VXUIDFH G6DNHUVQRXUEHP® & DHC
FOHDQLQJ GLIILFXOW

Xx 3URSHUW\ RZQHUWR WU BDVFFRIQVLELOLW\ DQG VDIHW\
X 6WUHHW VHEFOWHRWVDIOQDUHMOV VSHRONFHDRSHQDWHRQIQLW

7KH PXQLFLSDOLWLHY GR QRW KDYHHIROSHIGHHW WRUL PQQ\ \DO
VXFK DV VSHHG UHGXFLQJ EXPSV FUFRDWIQQIJYR POWYWSHIQ®ID
VKLIWV || WKHUHGAHOUK IV L WW H@ XIRG CEHP HOQWLBBWILRQV I
IROORZ XSV DQG HYDOXDWLRQV $Q DQ@MD EAKWH UP B YW RKXX
FRUUHFW WKH VXUIDFH FRDWLQJ

7HOHSKRQH LQWHUY DHRYVILZALDIO WP Z®BRSIID QRXQ QN U RISH U D W
PDLQWHQDQFH 6SRODQGHU *XVWDI\DWR @ D) ® X Q RELBODE W
RQ SHGHVWULDQV VHHPV WR EH UHOW W LOYHION GQREZ ZRKNU 8 JI
IRU SHGHVWULRQXW XD O LIR U, W XLQ/DFHLFS/D & RV MHRQ XERX & RGIDWUD L
WUDIILF KRZ LW HYROYHV DQG ZKMWUBQFRQI8WEW RBRQD VDV



IRUPXODWHG 7KH RUJDQL]DWLRQ RI HB8HMWUHHRY WWRD B HFX
IUDJPHQWHG LQ PDQ\ DUHDV VXFK DY ® PPHQWHQDQWHN ZREK
&ROOLVLRQ DFFLGHDWKFFDQ B QW Q DAMHGERI VARG G\N QBHSBHD® W P H
GLIIHUHQW SHUVRIQYV ORR/ VGBI LWEBVDINVG ERDHWD QRUUSVE RU
SHGHVWULDQ VDIHW\ WUDIILF SODFQ'\S [DALGVE X @ JW MH L2H) Q V LD
LV SDUWLFXODUGKHUFRBRVQBEWHRBURWSHGHVWULDQ

ODVVDUW DIWHU D PDUNHW VXDVYXUHRHQGWL IHTXHSRMH G
IRUZDUG DQ DSSURDFK WR GHYHORS B Q BDWIHBX RWLB QQ R W
DQDO\VLY $GGLWLRQDO LQIRUPDWLRY | UFRRAP SOMHLW WE IR
VPDUWSKRQH DSS KRMW BDRDEQ GBBSEYFWKR @ D@ DGIRIQY DW OF
\HDU $Q RSHUDWRU WUDYHOV RQ DLNRRM EDRRALW KVB @Y IHM D
IRRWZD\ XVHU 7KLV ZKHHOFKDLU LDUMTSKFSGH GDOLGVE VN QR R
PHDVXULQJ GHYLFH 7KUHH SDUDPHWHVV LERWIKRH &LO R 6 WLR
JUDGLHQW LQ WKH GLUHFWLRQ RI WXWMHH QQ DRIH FUXRY VDI@
UHVLVWDQFH PHDVXUHPHQW LV PDGA WRWDBK WHKHAWLHRQKRHK
IRXU WHFKQLFDO LQGLFDWRUV DQ GQIHRHEDIWFNR QU RIPOW KKH B
PDQDJHU WR PDLQWDLQ WKH IRRWZD\ QHWZRUN



&RVWY DQG EHQHILWYV

,W LV HFRQRPLFDOO\ SURILWDEOH RWR RLOMHWVIW HQD WW HY E
J)DVNXQJHU (YHQ WKH PRVW PRAWXANHL (RH EWP\HF QW WV
SURILWDEOH DV QHWHKDWFKRKIW VMHRW ZKKWDRWK-F G UNMHPR/V W V
SURGXFWLYLW\ GHFUHDVH IRU D ORFFRP® FWPARQ@LWR $SRBEHY
ELF\FOH WUDIIIRFWKDIMMW PRUHGHRS@OFWDYHFRREQN WKW UDQ

+HGVWU|P VWXG\LQJ FRVW DVSEBRWVRRIVZDORRQIPDEAU
ZHOO DV RSHUDWLRQV DQG PDLQWHQD\WQ RH ERQB/AMGHRN LUR X
DQG PDLQWHQDQFH RI ZDONLQJ DQGVF\POMRIU VURRODXGWL RIQN W
DUH RIWHQ QRW BGH EDXWD VWD \L Q A © RGRAIBE LURMH PMR W® RUG |
WKH SRVVLELOLW\ Rl FUHDWLQJ QWIQY® FWLYHQD /R ® R WWRH
NQRZOHGJH EXLOGLQJ VKRXOG LQFOXGH REMHIFRY BDREH KDA
WKH LQLWLDO SODWQ QDYR IPRSRHWNDRIVWR IRDMHR 2/ WSVR |1 FR
ZDONLQJ DQG F\FOLQJ REMHFWV DGR DJRPMMWKRHU FRRR/DVG/ RW R G
RSHUDWLRQ DQG PDLQWHQDQFH

&RUD]]D HW DO HODERUDWHG @) AR@EVDMRIRQ D\Q G HS
HIILFLHQW VHW X SQmIJ B PEHGW Z60 O W HIPH V KRIQ VMU HIWDWOO D VW K
FODVVLILFDWLRQ D@@DDQDGLYMU RY \DBHOD STKHIG DIXQV KROWGH [ L
VWDQGDUGL]HG |IRRUWRDGWKID B® YIHRUBD W &RDGLWBRQ ,RG
PRGLILHG WR FRQVLGHU WKH VSHFG IZ EWK\LSH W RIQV VSIS WU G F
WKH PHWKRG D SLOBWVEDYRWYDOHGRY BEP ZDV FDUULHG
SURPLVLQJ UHVXOWY KRZHYHU PRUWMKRIGYVBWHD®HEH B P 6 QLGP
JLYH D XVHIXO WRRO IRU GHYHORSUQDPRUH DFFXUDWH PDI|

%LUG SXW IRUZDUG D PRGHO W KNWVR QMREFCS-DW M WADKQHV
GLIIHUHQW PDLQWHQDQFH UHJLPHN YZHQWKHWE K H DERERHU L VW Q IR
QXPEHU RI DFFLGHQGWVWUQBQXB1H JERWEW\ VAR B VINQUX FW L |
H[DPLQHG DQG VWDWLVWLFV RI DHRBNMG QW VWKHHT X HYLX@DIWK/
UHVHDUFK LQWR ZDONLQJ ZDV DQDODHE P PRQ W HQF 8 BH RIR
OLNHO\ QXPEHU RI DFFLGHQWY DQG WKHLU FRVW FRXOG EH



'LVFXVVLRQ DQG &RQFOXVLRQV

7KH UHYLHZHG OLWHUDWXUH UHYHD GRG MHQRP 8B WRH LLWPBR
PDLQWHQDQFH RI UQSHOMWW X E VY KHEH EDLUFNFOH VW WH Z7 VW X
YXOQHUDEOH URDG XVHUVY DELOLW YT XIROWW D B M ONKLHWRKWK K
HVSHFLDOO\ LQ UXUDO DUHDV DQGFK® Q/JrD 0Q HUN PLLMDHOH )
PDNHUV DQG SODQQHUV LV QHHGHGKWR VMWHVXINO N RQ H B OHE
DQDO\WHG LQ WKLV UHSRUW KDY HX\FRRZUWH WKDPR W KSH B A B HY
ZHOO GHYHORGH G R PRRGRIWL R H & PB Y WSRDW VKR XOG EH U
EDVLF DQG WKHUHIRUH WKHUH LWV \WH@MHBE WRHSWRML G B DLRH
HDUOLHU LQ WKH SODQQLQJ SURRHRY WIUDE WSRHDW [ WHDWD
SURPRWH SHGHVWULDQV DV D IR WPHRQWLRDOLS R R WL HVQ\GWIR
WR D VWDQGDUG @G WKD K HI KW \I B VDXPXSG DQD HOQH PRIQ WAFO L Q

,Q WHUPV RI SODQQLQJ IRU ZDONDQWDWR FDRFX@DWW DY @D |
PRGHV FRUUHFWO\VIRFGRHMBR® R PIF VDK BHF VBR L QWXGLRXW W
GHYHORS HFRQRPLF FDOFXODWLRQRH RKIHAKD BI®WDNVIS B FMDWN B
RI ZDONLQJ DQG F\FOLQJ LQ UXUDRUOGHHDNR EBBRVWKAWR LL\Y F
SRVVLEOH WR XVH QHZ IRUPV Rl PRGHIQVE IDDYR MIKHF XQ D!
DQG EHQHILWYV RI CDOQNLQKLB QG HY¥SWFEZREQ\ IRPDORIZWQJI X
6ZHGLVK DFFHVVLELOLW\ JRDOV SIIRNK GIRRIGDDXD EDWL D (
IULHQGOLQHVYV DMRGGHRGIWD RISPX MV MR K § S\R KM X @ X\Y WHM DPRIH

KRZHYHU LV WKDW WKHUH LV D GOONAND R IDQHEOR\FOQ § & DAV B ZH
LW LV LPSRUWDQW WR VWUHVV WKW \F DMTGH § WEIIEY &/W D QK
RUGHU WR GHYBRORISLW KDWD RFSRUW SODQQLQJ

7KH ELF\FOH VKRXOG EH WUHDWHGODY @HUNKRROW BB @IZDI
DVVXPSWLRQV D F\FOLVW KDV 7KLY Z0FROXEH P G® B QFOLLGJ
ERWK PRGHV VKRXOG EH WUHDWH GHIV LWK FIR PHK/L W R \P D DY'\R
WKH LQIUDVWUXFWXUH IRU F\FOLQHUMQ K ZDI NKREZ Q6 WX G MH
ODFN Rl PDLQWHQDQFH RI F\FOLQJ ® Q\GK [3W GBI TWKULIUHP H. QM
DOZD\V IXOILOOHG 7KLV PLJKW KIDY H DWRI \G RWZLDWMK WIX\M O R C
GRHV QRW KDYH WKH UHVRXUFHV WR RSHRIDGV Z DH [ LYOVG QN
PHDVXUHV IRU SURYLGLQJ IRU SHGHRWHLID® V XALWIOH VQFQE



7KLV PD\ FUHDWH D SUREOHP ZKHQ BXVBNQWOX WRHLASE O
PDLQWDLQ H[LVWLQJ LQIUDVWUXFWXKHURI Z B ON LGDH HOEQ &/ R\
DYDLODEOH UHVRXUFHV IRU WKH FRIQDW WKW WRQ H QRSU RZBD
F\FOLQJ

)XUWKHUPRUH WKHUH VHHPV WR EMHYN GHUN RH FVDIGHU RW B
DQG F\FOLVWV ZKHQ LW FRPHV WR PDR Q VOHHY N QEBIG PHLLRKWY
WKH LQIUDVWUXFWXUH IRU WKRVH WRLGH3L RIL GAXDIOQ U © B UNAQ Y.
IDFWRUV XQGHUO\Q{ R XMOAR RUW PQG DOQGENYQD WD \VH IR R

RXWGRRUV DUH LP$@UWADSMD QRUL 6 R BB BEIHMHMWLRQ RI

1R OLWHUDWXUH KDV VSHELILFDOOWHWW P®ICH® PR KMVEEQOQL
RSHUDWLRQ DQG PDHIQWWRID QIEHH VWRARARV DIVU & HBIKEIW LRUH G L V
GLIIHUHQW FRQWH[WYV 7KH O DIF N QRGIL EHW H\D WK W@ LLWWHLL
GHYHORS EHWWHUFRQRZDFMVEV HD @ G WBRWVLEOH VROXWLRQ

3HGHVWULDQ VDIHW\IRRPXWYDWHE UTKHRRIUJR @LYDNW LR H F
XQGHYHORSHG 3HGHVWULDQ WU D IHLDFV DX ARV D ¥ VD IRIFDHMWP\HLEW
RSHUDWLRQ DQG PDLQWHQDQFH VBKRRJI QHR DIBD/O &R PIOGNQ R
KDQGOHG E\ GLIIHUBIQ® E\ HGS DIUAMUPH@DM\S WEWRIGIV L VO RMWG HV
RYHUDOO UHVSRQVLELOLW)\ IRU SUR BODPRQNVIRQ G EG BV MW L R (
PXQLFLSDOLWLHV VEKRUHV LYDDWLHFX@PORA\ W KM SRROR/WE DQ D
SHGHVWULDQ LVVXHV

&RQFOXVLRQV

2YHUDOO LW FDQ EH FRQFOXGHG WK DW VS &DY & HU ¥ COHDG) GrHL |
WR SODQ DQG PDLQWDLQ LQIUDVWUXRMXRY HR U SRFGH V Q/IWLE
DQG RU SRRUO\ PDIXFWXUMHIR U CBIN®K WW V LIDW®I D YOH)BF A VE W K H
QHJDWLYHO\ DQG GKHDMMG 8 HGRI WKL DI ® VIRIQW B\EIOR W MWLV H G

ORUH FRQFUHWHO\ LW FDQ EH VDLG WKDW

X 5HVLGHQWYV NQRZOHGJH DQG RSLQHRQINNHERX@WRKFHRQVR
LQ IXWXUH GLVFRQWOLRJVLP QGRIYG! BOQW PHDVXUHYV

X :DONLQJ DQG F\FOLUDWQ\WSRRBHVK RIXIOGHPH @WQ RQ RSO/ IO



X &RQIOLFWV EHWZHHQ VDIHW\ DQG DFBHEWLHDQMY KBYM
VWXGLHG PRUH FORVHO\

X &RQWLQXHG NQRZO HGI H A OGH. Q B PXVRIRIG KR E (ZIDDIN R © M
DUH KDQGOHG LQ WKH LQLWLDO S®DW R LRDINSURFHWHP DW |
XS RI FRPSOHWHG ZDONLQJ DQG F\FROUEW REEH®WW D QB E
FRVWV RI LQWODMWOLRMWRRG PPIYWHQDQFH



SHIHUHQFHYV

$GDPV (- %XO0O )& )RVWHU & (I WKH HMQWHLSRQFPHBOWL
ZRUNSODFH QHLJKERXUKRRG DV VRFEhaDONHGspDI &\HEaRR P P X W H
9 +

$OGUHG 5 (OOLRWW % 'RRGFRFMNJ- SURRIGAHER@ WHSDUD!
PRWRU WUDIILF @ VW\SWRPDYLFZKHIWKHQ FHAWDYWHIES BEUBHQGHL
TUDQVSRUW S5HYLHZV ‘2,

$QQHDU 0 .HHOLQJ 6 :LONLQVRQPHQWWDDQMQI®XHQFH\D ¥
DQG DFWLYH DJHLBYLBZV\SMWHBD W BRHEIL HW,WV DR XP 3DJHV

$QWRQDNRV & / (QOYLURQPHQWDO DQ@GFOZMWNYHO
75$163257$7,21 $E6(+ 5(&25" Ss

$UFKHU - DQG *XVWDIVVRQ / Y&BYBIFRWHUQDYV XWU\P
$UQHKHG 6 -RKDQVVRQ & &\N ® LD UR F K5 B VHQDOM DYAL ¢
/78 /XOHn

$UQHKHG 6 -RKDQVVRQ & &\ ¥ QILDQN SRHPKX ODAMHIDVE HD Y LH3D
/XOHnN

$UYLGVVRQ $ .UDY I|U DWW IYMBL B EHDV NODOSO/RION\F K R|W
YIJDU 97, UDSSRUMJ RFKWWEBYSRUMXRUBNEGUQIMLQVW
%DQLVWHU L Q DK ® HV R R B/LDOTkanspos Palidy GAR © Ss

%HUJOXQG 8 (ULNVVWRQ 0 +80QEHIPDWDILtNDQWHUYV HUIDU
JNHQGHPLOM|Q L WDUHGVWDGND UB/IBWHNWXU 8SSVDOD

%HUJVWU|P $ ODJQXVVRQ 5 DIRWUHISNLWER RLMIBOR VAKX
7TUDQVSRUWDWLRQ 5HVHDUFK 3DUW $ SS

%LUG 6 7TKFHSUQVND RFMGIHOQOWWMW\R (BSREBHEB LRBWRD WKH |
RI &LYLO (QJLQ@BSBOV(QIUXQIHMHU SS

%M|UNOXQG * OHOOLQ $ 2GROLQENULQJIDU DYRWR QYD
UDSSRUW ILQN|SLQJ

%YRYHUNHW YW/RNYUH.UW H W \R F|KJ 1B O OPUQND D QUEHS DRYP HXGNGHDO W
KLQGHU WLOO RFK L ORNDOHU GhOOP 0P QKAHDNNHVH KID & VB L O

%RYHUNHW % RIMLH W N H WRF K| IDHD\ONP Il Q@ DL LKIKBWR R F\K LEDADY | Q (
IlU SHUVRQHU PHG QHGVDWW U|UH@\OD PHOOD L5 RDWKN & W HR
RPUNGHQ I|U DQGW DQDB\O IIIMEBUD %) 6 $/0

%YRYHUNHW NLW H QU HB@\BHIKBUHES ELIDIIGRAFPLOM| VRP VWLPXO
I\WLVN DNWLWHQVNHWRYHYWINHGAD J6 YHULJH

%\OXQG ( /LOOH - ,ULWLN Sh DWHNGDN HQ N EWHHG R Y
ITUYDOWQLQJ 6YHBEKHYDNRPPXIQHU 6 RERRRABWXV 6W



&RUD]]ID 09 'L ODVFLR 3 ORUHWWRON SDYHEBQW PQOLYW
$ FDVH VWXG\ WRULQRUWD MV S HREOWED DURQ VISBRUWD WLRQ (
(QJOLVK (GLWLRQ Ss

&52: *RRG ORFDO SR®@FHQWKXIH IRU ELF\FOF
1IHGHUOIQGHUQDKWWS ZZZ ILHWVEHUBRG. HQDQLYEBQ N | P RGHI
GHWDLO UHSRVLWRUE\*RR BHORHATHRD ®R &N HR U HEG P\TF®GID G

'R]]D 0 HUQHNH - ,QWURGXFRQYD Q:IXW WU DDCAW RALV [EQ
ELF\FOLVWV VDIHW\ LQ WKH UHDODPEZRWUPD G7UDDDRN SR UAMKIRW E
%YHKDYLRXU 9ROXPH 3DJHV

(ULNVVRQ / 7THPD &\NHO + IDNWRQEQLQRBRPXWhY BN |
LQGLYLGSHUVSHUWAXG (LG OLW W B 8B B®RIXW ILQN|S

(ULNVVRQ - 6|lUHQVHQ * SILQWHURMEU BWI/U HE HWN B €
VLQIJHORO\FNRU 97, 5DSSRUW ILQN|SLQJ

)DVNXQJHU - 'HQ E\JJGD PLOMMIWBWYBUNDQ &Y WHALY
BWDWHQV IRONKIOVRLQVWLWXW

JRUVPDQ ¢ *XVWDIVVRQ 6 "HUQHU GH YLG WWNOURBJIYF
'"HOUDSSRUW $QRCOWBDYIHY6DRWFW EHBINDOQ XRHXUDQIGHWHYVRU

*UXKV 3 -RKDQVVRQ & 1LVND $ *UIQYDOKW RFK &l
XQGHUKNOOVSUREOGHPWY L GR KU IVILLOI® JONCHIUD L NKXHOW YOS VR Y H C
SXEOLNDWLRQVQXPPHU 7TUDILNYHUNH

KWWS Z7Z7Z GLYD RRIHFRO R WMV NVBDLG GLYD

*U/QYDOO 2 -RKDQVVRQ & 1LVNMDOGYSUREQHPW LRBFW XDIG
RFK WLOOJIQJOLJKIWNBDWYRQOREODWHWLQJ 7UDILNYHUNH

*XVWDIVVRQ / :LNOXQG (/LMK HEDIOWIWXI®ULHD UnG REK
IlU SODQHULQULN Y BWHQWHI D6ZHFR

*\OOHQFUHXW] / 5R@|VPV&LYWHRDQ % 2XWGRRU SHGHVWU
UHODWHG LQMXULHQ\LR)LPFFQWB]ZHQB\LMKQWWLFHVVD@EBWHHV 6
-RXUQDO RI &DULQJ 6FLHQFHYV

+HGVWU|P 5 SAINQGRJIYREBKVIW |UDWSHNWMHULSAUMDQOI1JJIQL
RFK XQGHUKNnOO VD& W INRYQYIMGMUG NMNW LDYFHRYND U

-RKDQVVRQ & %HUJOXQG 8 J/DUVVRQ + BODWHRQAGJ R
XWIRUPQLQJ I|U HWW |[NDW JnHQGH X WWHBDRKUYVWXG L
VWDGVSODQHUDUH V| WX® BIWXWOH PLND M KIDWMH & ri7GHINULIYINND 8 QLY

"-RQVVRQ 7 3DXQD - B6YHQVVRQ YLG VW |&\D® LYQJIDRIF K OruH
(UIDUHQKHWVNWHWERD QWDYGHQRBDPE|OO O0DOP|

-RQVVRQ 7 3DXQD - %HUJIJUHQ RBRFK6BMIQBGHOYLG VV&|\WW
'HOUDSSRUW | NFOWHR\W DD@ GH- REK YhIHDQGCHDIYRE| OW |ODORP |

-RQVVRQ 7 3DXQD - %YHUJ 6 6SMXWYGH YLG V& NIOULHY.
'HOUDSSRUW 'RUNRRQRSBUL® IGAWNNMNI®HDWP | 5SDPE|OO



-lJHUEUDQG $ . 7UIGV LQYHUNDQJSR EK GC\WMIOQXIV B Ul H
UDSSRUW ILQN|SLQJ

.DUOVVRQ 0 6DPEDQG PHOODQ IFRQHOI| ®|G HP R BIG N ODHQLC
JLQN|SLQJ
L HYHUQ -7 .LQWVYEK %WXH 3 H UAWH B X IOFEQIF&JKID UD FW H L

SHGXFH 60LS 5SHODWHG )DOOV -RXUQBGO)RAFLOHWILRHM DY
, VVXH 3S

.RJOLQ 7 IpORPRELWLADO: DIQDO\DG RISBPBE Q QR F
'"LVVHUWDWLRQ DXWPHWWORI 7HHE Q RAREL LG N B VL WW
.RIJOLQ 7 5\H 7 7KH PDUJLQ D®RIGHUIDLR/QV XIUEIDR) F\@ |
S O D QXuraabof Transport & Health 9 R O SS

LUJ\HU + (ULNVVRQ - JRUVPDQ cHUPNQRUGNHIL@MD X QUG/HWUX
HISRQHULQJ S5DSSRRQHQ ||U QWHWNDRDWNXVWEXGYDPXLTBHYVLWHW
ZDUWHQJ - / 6FKXO] $ - OHQW] * % $ =HQN $SYVMRFRBBHB

EHWZHHQ REVHUYHG DFWBHKERWKLRERGDBIN\SK\VQEDRQJIWVFWR
PXOWLHWKQLF XUEDQ FRPPXQLW\ -RXUWDDXHRI 33CEIHMF +HD (

ILQGHO|Z 6WUDWHJILHU [|U H¥W WQ NOLW WiHUDGHX B ¥ W ¥
IDNWRUHUV EHW\GHOVH %XOOHW L\QD P K| O@WW Il WXEGAM. B Q HQHIY

ILQGHO|Z .RJOLQ 7 DQG 6YHQVMRILQJ DQG WHGHNNDWLA
LQVWUXPHQWDO UDVDIRIRQDHQ WO QL@ JW HIP® ULJQ QW KWW H D WAH
P X QL F L SHe@rlingy Theadry and Practise 9 R O SS

IX = ,QYHVWLJIJDWLQJ :DONLQJ GY¥WLWRWHRH QW Y QLX) D Bl
$ )DFLOLW\ 9LVLW B6WXG\ +HUG +HDOWK Q QRXURDH QR D X
V'V XH 3DJHV

IXQGJUHQ 0 $\0ZDUG $ /LY UUE INQUQQIVRP KDOUBIDY XS
DY IDOORO\FNRU SQNQI|BRR LYIH@WHRAHDILUNVRNBDQGH 17)
ODVVDUW 7 ) RRRVZTU D(§ B K DWDRWFHRGL BHVHBBFK 3U

1LOVVRQ $ 6DNVKDXJ / -RKDQVVROQQEBULGDAREKUWWHRUP
HWW |[NDW JnHQGE LHYUGWLXSEID IGHHBWDE KL KX D G3HH SNDRE OHV D V
7\UpQV /XOHNn 7THNQLVND 8QLYHUVLWHW

1ILVND $ &\NHOYIJDUV GULIW RFKYMOQHEAH UKHMOGV O
F\INHONRPPXQHU 97, UDSSRUW JLQN|SLQJ

1LVND $ &\NOLVWHUV V\Q Sn BWSSMU JD BFHAWFXG/D QG
97, UDSSRUW ILQN|SLQJ

1ILVND $ 7KH LPSRUWDQFH RI ZVWWHBDBB IUQ B/WH\DHF
6XVWDLQDEOH ZLQWHU VHUYLFH IRQWHRD ® KNG PR Q JWK VIVQ \
WR AXpEHF

1LVND $ (ULNVVRQ/WLN |YHEWDNQEMVMIY MWD XROAANRDJI WLOC
VWUDWHJIL 11U \VIN,HLD B S\RAULW ILQN|SLQJ



1LVND $ *XVWDIVVRQ 6 I\NEHUJLVWHUWIMNVVQOPHORO\FNRU
RO\FNV RFK VNDGRQW®WMHW¥ WOHW &M XBRISGR UW /ILQN

1LVND $ -RKDQVVRQ & &DHVDU DY WLOODUI®JREBKKXK@QWH
WIWRUW )|U |ND® KL BIOBHEHh@LOQIHKK®I WOIN, HWIKFHSNR U WHW RP

1LVND $ RFK 6M|JUHQ / 01lWPHWRGHDY | |FA NV IOY OMONUr
NXQVNDSV|YHUD/SSIRWV® 7, /LQN|SLQJ

17) J)DOORO\FNRU Sn VQ| RFK LV OOmVNDISY LQHBQL N
7UDILNVINHUKHWHQV )UIPMDQGH 17) BROQD

3HUH] / * 60\PHQ ' - 6DOOLVU--)3 $\BODHGBR,QGROGHO
L, QWHUDFWLRQV EHQLH K@ UFHGE Y HIGE XIMR UVR R HPWDL.Q DIYD F S
DFWLYLW\ -RXUQDO SROXXHEOLF +VYDXOWK 3DIRQW H =+H
KWWSV GRL RUJ SXEPHG I1GZ

S5DQWDNRNNR 0 ,ZDUVVRQ 6 .DXSOHQ@HQ 50 QWI@QR@HQ -
AXDOLW\ RI /LIH DQG %DUULHUV LQ WKHOBUEDH) 2RXWERRL R
$PHULFDQ *HULDWOXPHGERFLMWXHO 3DJHV

5DQWDNRNNR O O0IQW\ 0 ,ZDUVVRQQQ B UPINDQNDYHGQ

5DQWDQHQ 7 JHDU RI ORYLQJ 2XXWWEBRRY DDOAN LHQYIHQR B
LQ 20O G H UoGrkaRaS ThélAmeran Geriatrics Society 9RO X P H ,VVXH 3DJH
5HIJLRQ 6NnQH &E\NHOVWUDWHJIL I|U 6NnQH 6YHULJH

KWWSV XWYHFNOD@L1RQBQH WH C5VE ENDH BV VR B V\SHDIL QIR W
VNDQH "KLJKOUWD WW JFE\ XDHG\OW G G D W

SLHWYHOG 3 ‘DQHMWOHUPLQDQWYV RIPXFAFOSDRVER GIRFLHYV
7UDQVSRUWDWLRQ3RIOVHADDRIC 3WDW VPV FMHHIRARPHYV

SRVDQGHU 3 -RKDQVVRQ & ANFEONO E D WH b RFKREAW U DrC
DY HOQNIW 7HNQLO/HNWDIBSQUWND XQLYHUVLWHW

SRVDQGHU 3 -RKDQVVRQ & *nHQOM HRFK #\NO LV V
OLWWHUDWXUVWXGKBDHAHMION § NVINDSSQUYWHUVLWHW

5RVDQGHU 3 -RKDQVVRQ & 7 BIO | E NNSGDLDVQNHHULL Q.J M PU
7HNQLVN UDSISRQM NBOHL WHUVLWHW

5RVHQEHUJ " ( +XDQJ '/ O6LPRQRYRKKV GR'RUYWHOJOWY QYL
%»DUULHUV DQG )DFLOLWDWRUV WRGKROWMLY ZWW R ORELOL®O LL
Gerontologist 9RO XPH , VVXH 3DJHV

5RVHQNYLVW - G6YHQVVRQ + 9iUKHOGULH VRBHWNWLWDNHU
7TUDILN YIJ /XQGV XQLYHUVLWHW

6FKHSHUV 3 GHOHWKROQWWU 5% +tHOEHGEKVWULDQ IDOOV §
WKH OLWHUDW X WK QG H R WUIX® B oV RENHBUHUE WF K +

6FKHSHUV 3 +DJHWKFRHNW D DHQ:HHD % HI¥ FRQFHSW.
IUDPHZRUN IRU URREGLOVDMWD 2303 HPG WRFEGHOQ W J$SQDIGAWL
SUHYHQWLRQ +



6KD\ ( 5RGULJXH}Y "&OLEBMRQ . - (YHQV&RRPSDULQJI REMHI
PHDVXUHYV RI HQYLURQPHQWDO VXS8RWWYVYQMWM H USHGH\WR/DUDLCT
+HDOWK *HRJUDSKLFV 9ROXPH $UWLFOH 1XPEHU

6SRODQGHU . *XVWDIVVRQ 1 )URGBQKEOE WUDILN¥UEHIKHH
VW|UUH RFK PHGHO)YRWVRUQ IDWRRMIMQHURZQAQRW tH)26Y AUWLJIH

6WDPSV $ ( 6 XUl 7XUl (IITHFWWRUEHRXIQG BKKEN W D ()
$QG 3HUFHLY H GPerbeptdtDaaidl Mdtw Skills9 R O X P H , VVXH 3DJH’
8OOEHUJ 0 (ULNVVRQ - -RKDQVVRQ &HVXOWIYW IUhRMHDQ.

IXOHnN WHNQLVND XQLYHUVLWHW

':DOOPDQQ % %XFNVFK - )JURERHMHNZHHQ SRXH PNVO FOFAW
SHUFHLYHG HQYLURD®XQWY L QXUHRIPDINLFRXHROW KR | 9RCEX P +
,VVXH 3DJHV

'DUG 7KRPSVRQ & &XUO $ $VSLQDOO 3R $BPBAVHE WR-=)
ORFDO VWUHHW HQYLURQPHQW DOWGGHEHRDBXIORKW TRB TG
LOQWHUYHQWLRQ 68 RWAVIOHBXBRRW EIMVSRUWYV

"HQQEHUJ + 'DONLQJ LQ ROG DHHIR® THIFH VRLEL® LS\
RXWGRRU HQYLURQPHQW DQG HIIHFWWSRI RHDW¥KBRORINH
VRFLHW\ /XQG XQLYHUVLW\

"HQQEHUJ + BWDKO $ +\GHQ & UFHSMIGRQN SHGW KW LR
HQYLURQPHQW LQ BHMBUYHWRXXRGRSHOMLQRXYED®PRI $J,VV
3DJHV

'LMOKXL]HQ * - 'H -RQJ 5 +RSPDSHERRNVODIUDL @ ®RG H
UHGXFH SK\VLFDO WFRKW GWR W RD ODFY BIQHY HQW LY H+0
'LNOXQG ( ODOPEHUJ 2 9L QW WY IE® 8 Q Q HQRJ NYLLGBWC

IYHU NRPPXQHUV | WHW JDQIW KW QMOHUR P (&2 6WRFNK
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