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ORGHOOLQJ WKH ,5
VXSSRUWLQJ WKH

ODUN (QQLV

6XEPLWWHG IRU ([DPLQDWLRQ RI
'RFWRU RI 3KLORVRSK\

&HQWUH IRU +XPDQ &RPSXWHU ,QWHUIDFH 'HV
6FKRRO RI ,QIRUPDWLFV
&LW\ 8QLYHUVLW\
IRQGRQ

2FWREHU



7DEOH RI & RQWHQWYV

3DJH
2YHUYLHZ

 QWURGXFWLRQ

,QIRUPDWLRQ VHHNLQJ

,QIRUPDWLRQ UHWULHYDO V\WVWHPV GHVLJQ
ORGHOV LQ ,5 GHVLJQ

6XPPDU\

7KHVLV UDWLRQDOH DQG RYHUYLHZ

SHYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI
UHWULHYDO

 QWURGXFWLRQ
,QIRUPDWLRQ UHWULHYDO D GHILQLWLRQ RI LWV F
([LVWLQJ PRGHOV RI XVHU DFWLYLW\ LQ WKH VHDL
6WDWHV Rl LQIRUPDWLRQ QHHG WUDQVLWLRC
3HDUO JURZLQJ
,QIRUPDWLRQ VHDUFK WDFWLFV
ORGHOV RI FRPPXQLFDWLRQ LQ ,5
2Q OLQH UHWULHYDO KHXULVWLEV
OHQWDO PRGHOV RI ,5
+XPDQ LQIRUPDWLRQ VHHNLQJ
$6.7V LQ ,5
%HUU\ SLFNLQJ
,QIRUPDWLRQ VHHNLQJ SURFHVV
(OHFWURQLF LQIRUPDWLRQ VHHNLQJ
'LDORJXH VFULSWV IRU LQIRUPDWLRQ VHHNL
(OHPHQWV RI D FRIJQLWLYH WKHRU\ RI ,5
7\SHV Rl VHDUFK DFWLYLW\ DQG WDFWLFV LGHQWL
GHILQLWLRQV
([SHUW ,5 VIVWHPV DV FRPSXWHU LQWHUPHGLDUL'
)DFWRUV DIIHFWLQJ LQIRUPDWLRQ UHWULHYDO
(IIHFW RI NQRZOHGJH RQ WKH LQWHUDFWLRQ
7\SHV Rl NQRZOHGJH LQYROYHG LQ WKH ,5 S
ORWLYDWLRDQ
3D\RIIV FRVWV YDOXH RI LQIRUPDWLRQ DQGC
LQIRUPDWLRQ
,QIRUPDWLRQ W\SHV DQG WDVN W\SHYV
7DVN VWUXFWXUH DQG FRPSOH[LW\
8VHU LOQWHQWLRQ
3K\WLFDO FRQVWUDLQWY DQG XVHU H[SHFWE
&RJIQLWLYH VW\OH
+XPDQ FRPSXWHU LQWHUIDFH GHVLJQ
8VHU FODVVLILFDWLRQ DQG XVHU W\SHYV



3DJH
*HQHUDO PRGHOV RI LQWHUDFWLRQ DQG WKH
6XPPDU\ DQG FRQFOXVLRQV

AXDQWLWDWLYH VWXGLHV RI HQG XVHU LQIRUPDWLRQ

 QWURGXFWLRQ
([SHULPHQWDO PHWKRG
([SHULPHQWDO GHVLJQ
'DWD DQDO\VLYV
5HVXOWYV
6HDUFK SHUIRUPDQFH
4XHU\ FRQVWUXFWLRQ
4XHU\ SDWWHUQ DQDO\VLV
,QIRUPDWLRQ VHDUFKLQJ VWUDWHJLH\
$QDO\VLV RI TXHU\ SDWWHUQV KLJKOLJ
7HUP XVH DQDO\VLV
7HUP DQDO\VLV Rl WDVN 2*
7HUP DQDO\VLV RI WDVN 2 *
7HUP DQDO\VLV Rl WDVN 3+,
7HUP DQDO\VLV Rl WDVN 3+
6\WWHPV IDFLOLW\ XVDJH
6XPPDU\ Rl NH\ UHDVRQV IRUVHDUFK VXFFHVV RU
,PSOLFDWLRQV IRU XVHU PRGHOOLQJRI LQIRUPDW
&RQFOXVLRQV

([SODQRDWLRQV RI LQIRUPDWLRQ VHHNLQJ WKURXJK FF

 QWURGXFWLRQ
$UFKLWHFWXUH
3URFHVV PRGHO RI LQIRUPDWLRQ UHWULHYDO
SUREOHP DQDO\VLYV
$FWLYLWLHV SHUIRUPHG
6WUDWHJ\ IRUPXODWLRQ DQG UH IRUPXODW|
$FWLYLWLHVY SHUIRUPHG
3RVVLEOH VWUDWHJILHY DQG VHDUFK W
6WUDWHJI\ W\SHV
7DFWLF W\SHV
3RVVLEOH VWUDWHJILHV JLYHQ QHHG W
'RPDLQ DQG GHYLFH H[SHUWYV
'RPDLQ H[SHUW EXW GHYLFH QRY
'RPDLQ QRYLFH EXW GHYLFH H[S
'RPDLQ DQG GHYLFH QRYLFHV
3RVVLEOH VWUDWHJILHV JLYHQ UH IRUP
DQG XVHU FRQWHI[W
'RPDLQ DQG GHYLFH H[SHUWYV
'RPDLQ H[SHUW EXW GHYLFH QR
'RPDLQ QRYLFH EXW GHYLFH H[S
'RPDLQ DQG GHYLFH QRYLFHYV



3DJH
,PSOHPHQWDWLRQ
$FWLYLWLHV SHUIRUPHG
3RVVLEOH IDFLOLWLHYV JLYHQ WKH FXUU]I
DQG XVHU VHOHFWLRQ FULWHULD
(YDOXDWLRQ
$FWLYLWLHV SHUIRUPHG
3RVVLEOH VHDUFK GLDJQRVLV RXWFRP
&RUUHVSRQGHQFH UXOHYV
,QIRUPDWLRQ QHHG W\SHYV
&RQWH[W IDFWRUV HIITHFWLQJ VHDUFK DFWLY
,QIRUPDWLRQ UHWULHYDO V\VWHPV IXQFWLRQDOL
6\VWHPV UHSUHVHQWDWLRQ
ORGHO ZDON WKURXJK
'LVFXVVLRQ

(YDOXDWLQJ WKH PRGHOYV SUHGLFWLRQV

 QWURGXFWLRQ
([SHULPHQWDO PHWKRG
([SHULPHQWDO GHVLJQ
'DWD DQDO\VLYV
OHQWDO EHKDYLRXUYV
5HVXOWYV
,PSDFW Rl XVHU GHYLFH H[SHULHQFH DQG W
EHKDYLRXUV SURGXFHG
5HVXOWV
6XPPDU\ RI WKH HIIHEWV RI XVHU GHY
NQRZOHGJH RQ WKH DFWLYLW\ SHUIRUF
UHWULHYDO VHVVLRQ
$QDO\VLV RI VHTXHQFHV Rl PHQWDO EHKDYL
7UDQVLWLRQDO IUHTXHQFLHV IRU FDV
WUDQVLWLRQV
6WDWLVWLFDO WHEKQLTXHV IRU SDWV
5HVXOWV
6XPPDU\ RI WKH HIIHFWV RI1 X\
GHYLFH NQRZOHGJH RQ WKH
VLIJQLILFDQFH Rl WKH RFEXUUH
VHTXHQEHV RI EFDWHJRULHV RI
EHKDYLRXU
6XPPDU\ DQG FRQFOXVLRQV

,PSOLFDWLRQV IRU LQIRUPDWLRQ UHWULHYDO V\VWHP

L QWURGXFWLRQ
76)V DQG VI\WWHP VXSSRUW QHFHVVDU\ WR HQKDQ
'HVLJQ VFHQDULR
([SHUW DGYLVRU DSSOLFDWLRQ
$UFKLWHFWXUH



3DJH
BHUYHU VLGH DSSOLFDWLRQ
&OLHQW VLGH DSSOLFDWLRQ
/IRFDO GDWDEDVHV XVHU SURILOH DQG
FRQWH[W VHQVLWLYH DGYLFH
,QWHUIDFH DQG GLDORJXH GHVLJQ
S8VDELOLW\ VHVVLRQV
JLEHU XVDELOLW\ VHVVLRQV
375& XVDELOLW\ VHVVLRQ
6XPPDU\ DQG FRQFOXVLRQV

&RQFOXVLRQV DQG IXWXUH ZRUN

,QWURGXFWLRQ

$ FRIQLWLYH PRGHOOLQJ DSSURDFK
SBUREOHPV RI H[LVWLQJ DSSURDFKHYV
&ERQWULEXWLRQV WR +&, WKHRU\DQG FRJQLW
%HQHILW RI WKH DSSURDFK WR ,5 VI\VWHP GH

/ILPLWDWLRQV RI WKH FRIQLWLYH PRGHOOLQJ DSS

UHWULHYDO V\VWHP GHVLJQ

6 XPPDU\

)XWXUH ZRUN

SHIHUHQFHV
% EOLRJUDSK\
*ORVVDU\



[KHVLV WDEOHYV

7KH WKHVLVY KDV WKH IROORZLQJ WDEOHYV

&KDSWHU
$QDO\WVLV RI UHFDOO DQG SUHFLVLRQ SHUIRUPDQFH
7LPH VSHQW VHDUFKLQJ DQG HYDOXDWLQJ DQG WR
4XHU\ WHUP XVDJH IRU ERWK JURXSV VXPPHG DFUR)
4XHU\ LWHUDWLRQV DQG WKHLU FRPSOH[LW\ IRU QR
WDVN
6WUDWHJI\ W\SHV XVHG E\ VHDUFKHUYV
$FWLYLW\ WUDQVLWLRQ GDWD IRU WKH IRXU H[SHUL
7THUP XVDJH RI VXEMHFWYV IRU WDVN 2*
7THUP XVDJH RI VXEMHFWYV IRU WDVN 2*
6 XEMHFWYVY WHUP XVDJH RQ WDVN 3+,
6 XEMHFWYVY WHUP XVDJH RQ WDVN 3+
$QDO\VLV RI VIVWHPV IDFLOLWLHYV XVHG E\ VHDUFK'&
8VDELOLW\ SUREOHPV KLJKOLJKWHG E\ VHDUFKHUYV
6XPPDU\ RI WKH FKDUDFWHULVWLFV RI JRRG DQG EL

&KDSWHU

, QLWLDO VWUDWHJ\ GHWHUPLQDWLRQ WDEOH IRU GF
, QLWLDO VWUDWHI\ GHWHUPLQDWLRQ WDEOH IRU G
, QLWLDO SRVVLEOH VWUDWHJ\ GHWHUPLQDWLRQ WEL
, QLWLDO SRVVLEOH VWUDWHJ\ GHWHUPLQDWLRQ WL
6WUDWHJ\ UHIRUPXODWLRQ GHWHUPLQDWLRQ WDEO
6WUDWHJ\ UHIRUPXODWLRQ GHWHUPLQDWLRQ WDEO
6WUDWHJ\ UHIRUPXODWLRQ GHWHUPLQDWLRQ WDEO
6WUDWHJ\ UHIRUPXODWLRQ GHWHUPLQDWLRQ WDEO
6HDUFK GLDJQRVLY GHWHUPLQDWLRQ DW WKH TXHU
6HDUFK GLDJQRVLVY GHWHUPLQDWLRQ DW WKH TXHU)
6HDUFK GLDJQRVLY GHWHUPLQDWLRQ IRU WKH DUWL
6HDUFK GLDJQRVLY GHWHUPLQDWLRQ IRU WKH DUWL
LQIRUPDWLRQ QHHG GXULQJ WKH UHWULHYDO VHVVL
6HDUFK GLDJQRVLVY GHWHUPLQDWLRQ EDVHG RQ XVI
7TD[RQRP\ RI SUREOHP H[SORUDWLRQ IDFLOLWLHYV

7TD[RQRP\ RI TXHU\ DUWLFXODWLRQ PHFKDQLVPV

7TD[RQRP\ RI HYDOXDWLRQ VXSSRUW IDFLOLWLHV

&KDSWHU
$YHUDJH IUHTXHQF\ RI DFWLYLW\ W\SHV IRU GHYLFH
6LIJQLILFDQW GLIITHUHQFHYVY EHWZHHQ WKH IUHTXHQF
&RQILIXUDWLRQ RI DFWLYLWLHV E\ GHYLFH NQRZOH

6LIQLILFDQW GLIITHUHQFHYVY EHWZHHQ WKH GLIITHUHQ
RI DFWLYLW\ FDWHJRULHV
$YHUDJH QXPEHU RI DFWLYLWLHYVY SHUIRUPHG SHU P



6LIJQLILFDQW GLIITHUHQFHYVY EHWZHHQ WKH UDWH RI |

&KDSWHU
6\VWHPV XVDELOLW\ VFRUHV IRU WKH /LEHU XVDELO
6\VWHPV XVDELOLW\ VFRUHV IRU WKH 375& XVDELOL



[KHVLV )LIXUHYV

7KH WKHVLVY KDV WKH IROORZLQJ ILIXUHV

&KDSWHU

2YHUYLHZ Rl WKH WKHVLVY VWUXFWXUH DQG UDWLR

&KDSWHU

*HQHUDO UHTXLUHPHQWYV RI D FRJQLWLYH PRGHO
3HDUO JURZLQJ RU RQLRQ SHHOLQJ EHKDYLRXU LQ
&RPPXQLFDWLRQ PRGHOV RI WKH QHJRWLDWLRQ LQ

IRUPXODWLRQ

%HUU\ SLFNLQJ YLHZ RI WKH VHDUFK SURFHVYV
ORGHO RI WKH LQIRUPDWLRQ VHHNLQJ SURFHVYV
ODWUL[ RI LQWULQVLF LQIRUPDWLRQ QHHGYV

&KDSWHU

'LQ63,56 VHDUFK LQWHUIDFH IRU 0('/,1( VKRZLQJ D

UHVXOWYV

4XHU\ ORJ IRU D QRYLFH VHDUFKHU ZKR SHUIRUPHC
4XHU\ ORJ IRU D HISHUW VHDUFKHU ZKR SHUIRUPHCG
4XHU\ ORJ IRU D HISHUW VHDUFKHU ZKR SHUIRUPHCG
&KRLFH RI VHDUFK WHUPV IRU WDVN 2*
&KRLFH RI VHDUFK WHUPV IRU WDVN 2*
&KRLFH RI VHDUFK WHUPV IRU WDVN 3+,
&KRLFH RI VHDUFK WHUPV IRU WDVN 3+

THUP VXJIJHVWLRQ IDFLOLWLHYV
7TKHVDXUXV IDFLOLWLHV LQ O('/,1(

&KDSWHU

SUFKLWHFWXUDO YLHZ RI WKH ,5 SUREOHP DQG WKF

SURGXFHG

*HQHUDO SURFHVV PRGHO RI ,5 DQG LWV LQIRUPDW
&DXVH DQG HIIHFW RI WKH HYDOXDWLRQ SURFHVYV
'"HFLVLRQ WUHH FRQWUROOLQJ WKH VWUXFWXUH RI

&KDSWHU
7UDQVLWLRQDO IUHTXHQFLHV DQG
7UDQVLWLRQDO IUHTXHQFLHV DQG
7UDQVLWLRQDO IUHTXHQFLHV DQG
7UDQVLWLRQDO IUHTXHQFLHV DQG
7UDQVLWLRQDO IUHTXHQFLHV DQG
7UDQVLWLRQDO IUHTXHQFLHV DQG
7UDQVLWLRQDO IUHTXHQFLHV DQG
7UDQVLWLRQDO IUHTXHQFLHV DQG

SUREDELOLWLH?
SUREDELOLWLH?
SUREDELOLWLH?
SUREDELOLWLH?
SUREDELOLWLH)
SUREDELOLWLH?
SUREDELOLWLH\
SUREDELOLWLH)

7TUDQVLWLRQ GLDJUDPV LOOXVWUDWLQJ WKH VLJQL
RFFXUULQJ LQ WKH EHKDYLRXU RI H[SHUWV RQ WDV



7TUDQVLWLRQ GLDJUDPV LOOXVWUDWLQJ WKH VLJQL
RFFXUULQJ LQ WKH EHKDYLRXU RI QRYLFHV RQ WDV
7TUDQVLWLRQ GLDJUDPV LOOXVWUDWLQJ WKH VLJQL
RFFXUULQJ LQ WKH EHKDYLRXU RI H[SHUWV RQ WDV
7TUDQVLWLRQ GLDJUDPV LOOXVWUDWLQJ WKH VLJQL
RFFXUULQJ LQ WKH EHKDYLRXU RI QRYLFHV RQ WDV
7TUDQVLWLRQ GLDJUDPV LOOXVWUDWLQJ WKH VLJQL
RFFXUULQJ LQ WKH EHKDYLRXU RI HISHUWV RQ WDV
7TUDQVLWLRQ GLDJUDPV LOOXVWUDWLQJ WKH VLJQL
RFFXUULQJ LQ WKH EHKDYLRXU RI QRYLFHV RQ WDV
7TUDQVLWLRQ GLDJUDPV LOOXVWUDWLQJ WKH VLJQL
RFFXUULQJ LQ WKH EHKDYLRXU RI HISHUWV RQ WDV
7TUDQVLWLRQ GLDJUDPV LOOXVWUDWLQJ WKH VLJQL
RFFXUULQJ LQ WKH EHKDYLRXU RI QRYLFHV RQ WDV
ODSSLQJ EHWZHHQ WKH FRJQLWLYH PRGHO DQG YH
*HQHUDO SURFHVV URXWHY IURP WKH HYDOXDWLRGQC
URXWHVY WR WKRVH LGHQWLILHG ZLWKLQ WKH SURW

&KDSWHU

([DPSOH LQWHUIDFH UHSUHVHQWDWLRQ IRU WHUP |
([DPSOH RI D SRVVLEOH TXHU\ UHSUHVHQWDWLRQ F
([DPSOH WHUP LQFOXVLRQ VKRUW FXW IDFLOLW\
6\WVWHPV DUFKLWHFWXUH IRU WKH 375& GHPRQVWU|
AXHVWLRQ VHWV IRU XVHU DQG QHHG SURILOH HOL
ODLQ VHDUFK LQWHUIDFH IRU WKH FRQFHSW GHPRC
7HUP DOWHUQDWLYHY UHOHYDQW WR WKH DFWLYH
AXDOLW\ RI UHVXOWYV HOLFLWDWLRQ GLDORJXH
BWUDWHJI\ DQG WDFWLF LQWHUIDFH

,QLWLDO LQWHUIDFH HQDEOLQJ FRQFHSW DPHQGPH



SFRRZOHGJIJHPHQWYV

, ZRXOG OLNH WR WKDQN P\ IDPLO\ FROOHDJXH\
IRU WKH VXSSRUW DQG DVVLVWDQFH SURYLGHG GX
DOVR OLNH WR WKDQN P\ VXSHUYLVRU 3URIHVVRU ¢

JXLGDQFH WKURXJKRXW P\ 3K’



'"HFODUDWLRQ

7KH DXWKRU JUDQWYVY SRZHUV RI GLVFUHWLRQ

8QLYHUVLW\ /LEUDU\ WR DOORZ WKLV WKHVLV \

LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UHIH
DXWKRU



6OWDWHPHQW RI &RQWUL

7KLV GLVFODLPHU LV WR VWDWH WKDW WKH UHYV
WKLV WKHVLV LV SULPDULO\ WKH ZRUN RI WKH T
XQGHUWDNHQ DV SDUW RI KLV GRFWRUDO UHVHE
SDSHUV Rl ZKLFK WKH VWXGHQW LV QRW WKH VRC
WKH UROH RI WKH VXSHUYLVRU LQ WKH UHVHDUFF
DQG HQKDQFH WKH ZULWWHQ VW\OH RI WKHVH



SEVWUDFW

7KH QHHG IRU LPSURYHG LQWHUIDFH GHVLJQV DC
KLIKOLJKWHG EDVHG RQ SHUIRUPDQFH GDWD .
HYDOXDWLRQ RI D W\SLFDO FRPPHUFLDO GDWDE
RXWOLQHV WKHRUHWLFDO ZRUN DGGUHVVLQJ Wtk
VHDUFKHUV EHKDYLRXU LQ WKH LQIRUPDWLRQ UH
D FRIQLWLYH WDVN PRGHO RI WKHLU LQIRUPDW
PRWLYDWLRQ IRU WKLV ZRUN LV WR XQGHUVWD(
PLVPDWFK EHWZHHQ LQIRUPDWLRQ UHWULHYDO L
IXQFWLRQDOLW\ DQG XVHUVY PHQWDO PRGHOV
FRIQLWLYH PRGHO FRQVLVWYV RI |5 SURFHVVEH
FRUUHVSRQGHQFH UXOHV NQRZOHGJH VRXUFHV ¢
VWUDWHILHY WDFWLFV DQG ,5 VIVWHPV UHSUHVFE
UHODWHG WR VSHFLILF VA\VWHPV WKURXJK WD[RQ
7KH PRGHO LV HYDOXDWHG E\ FRPSDULQJ HPSLU
LQIRUPDWLRQ UHWULHYDO DJDLQVW WKH PRGHO)
VSHFLILF VLWXDWLRQ 'HVLIJQ LPSOLFDWLRQV D'
KXPDQ DFWLRQ WR ZKDW XVHUV QHHG WR NQRZ LC
E\ DQ ,5 VIVWHP WR LQGLFDWH DQG MXVWLI\ GHV
WKH UHVHDUFK DWWHPSWYV WR GHILQH WKH IDFLC
$ FRQFHSW GHPRQVWUDWRU LV SUHVHQWHG ZLW
7KH HIIHFWLYHQHVV DQG OLPLWDWLRQV RI WKL
GHVLIJQ DQG HYDOXDWLRQ RI ,5 VIVWHPYVY DUH GLV

o('/,2( LV WKH FRS\ULJKW RI WKH 8 6 1DWLRQDO /LEUDU\ RI OHGLFL



&KDSWHU

2YHUYLHZ

7KLY FKDSWHU LOQWURGXFHV WKH SUREOHP DQG JLYHV DC(



2YHUYLHZ

&KDSWHU 2YHUYLHZ

,QWURGXFWLRQ

,QIRUPDWLRQ UHWULHYDO V\WVWHPV SURYLGH XVHUV ZLW
DFFHVV LQIRUPDWLRQ IURP ODUJH UHSRVLWRULHV RI PD
‘HE KDV H[WHQGHG WKH VFRSH DQG GLVWULEXWHG QDW
DQG FUHDWHG D QHZ QHHG IRU FRQILJXUDEOH DQG DGI
EURDGHQLQJ RI WKH VFRSH DQG TXDQWLW\ RI LQIRUPDW
WR EH HIIHFWLYH DQG HIILEFELHQW LI DOO WKH LQIRUPDMW
UHDVRQDEOH WLPH IUDPH ,I WKLV LV QRW DFKLHYHG L\
LLQIRUPDWLRQ RYHUORDGY +LOW] 7R HQDEOH WKLYV
XQGHUVWDQGLQJ RI WKH XVHU LI VIVWHPV DUH WR LPS
SHUIRUPHG

7KH QHHG IRU PRUH HIIHFWLYH GHVLJQV IRU LQIRUPDW
DFFHQWXDWHG E\ WKH PRYH DZD\ IURP SURIHVVLRQDO V
XVHU VHDUFKLQJ $W SUHVHQW WKH JDS EHWZHHQ WK}
V\VWHPV DQG XVHUV QHHGV LV XQDFFHSWDEOH 'HUYL
IDLOXUH RI ,5 VIVWHPV WR PHHW XVHU UHTXLUHPHQWYV V
VIVWHPV IXQFWLRQDOLW\ DQG XVHUVY PHQWDO PRGHOV
WKLV LV WKDW WKH VHDUFKHU IDFHV H[WUD FRJQLWLYH
FDXVLQJ WKHP WR EH LQHIILFLHQW LQ WKH WLPH DQC(
LQIRUPDWLRQ UHTXLUHG 7KH IXQFWLRQ RI DQ ,5 VA\VWHP
DVVRFLDWHG ZLWK WKH VDWLVIDFWLRQ RI DQ LQIRUPDW
ORDG RQ WKH XVHU 7KH UHVHDUFK RI ODUFKLRQLQL DQ
XVHUV DVVRFLDWH H[WUD HIIRUW ZLWK XVLQJ HOHFWUR
LQIRUPDWLRQ 7KH UHVXOW LV WKDW VHDUFKHUV RIWHC
RITHUHG E\ HOHFWURQLF V\VWHPV LQ WKH VHDUFK IRU W
UDWKHU WKDQ XVLQJ WKH PRVW HIIHFWLYH PHWKRG RI \
DSSDUHQW WKDW DW VRPH OHYHO VHDUFK V\VWHPV DUH
¥ 'R WKHVH LVVXHV LPSDFW RQ XVHUVY DELOLW\ WR UHW
¥ &4DQ WKH HIIHFWV FDXVHG E\ XVHU GLIIHUHQFHV EH P

DQG E\ WDLORULQJ GHVLJQ WR VXSSRUW WKH DFWLYLW



2YHUYLHZ

¥ :KDW DUH WKH RSWLPDO FRQILIJIXUDWLRQV RI VA\VWHP\
SHUIRUPDQFH LV WR EH RSWLPLVHG"

,QQRYDWLYH GHVLIJQV KDYH EHHQ SURSRVHG IRU LQIRUFP
$OKEHUJ DQG 6KQHLGHUPDQ &DUG HW DO KRZ
EHHQ FDUULHG RXW WR GHPRQVWUDWH WKH XVDELOLW\
UHWULHYDO V\VWHPV HJ 2.$3, 5REHUWVRQ HW DO

SHUIRUPDQFH PHDVXUHG LQ WHUPV RI UHFDOO DQG SL
SHUIRUPDQFH HYDOXDWLRQV GR QRW LGHQWLI\ WKH FR(
GHVLIJQ WR LPSURYHG UHWULHYDO ODUFKLRQLQL R
FDQ EH LPSURYHG )RU LQVWDQFH LPSURYHG VHDUFK
IDFLOLWLHYV SURYLGHG PD\ EH UHVSRQVLEOH DOWHUQZEC
GLIlTHUHQW DSSURDFKHV WR UHOHYDQFH IHHGEDFN PD\ I
+HQFH WKHUH LV D QHHG IRU D PRUH V\VWHPDWLF DSSU
LQIRUPDWLRQ UHWULHYDO V\VWHPVY DQG WKHLU XVHU LQ

7TKHRULHV Rl VHDUFKHU EHKDYLRXU DYDLODEOH LQ WKH
FKDSWHU WZR IRFXV RQ REVHUYDEOH DFWLRQV >%DWH)

ODUFKLRQQL DQG %HONLQ @ WKH FD
XVHG LQ VHDUFK WHUP VHOHFWLRQ $0O0OHQ OLEFK
WKH LQIRUPDWLRQ QHHG WR D SURIHVVLRQDO VHDUFK
FRJQLWLYH YLHZSRLQW RI ,5 .XOWKDX ,QJZHUVE

LQVLIKW LQWR WKH FRPSOH[LWLHV RI UHWULHYDO DFW
DFWLYLW\ LQ D VSHFLILF FRQWH[W DQG WKXV KDYH OLP
LQIRUPDWLRQ V\VWHP WKH LQIRUPDWLRQ SUHVHQWDWL
UHVXOWY DOO LQIOXHQFH WKH XVHUYIV EHKDYLRXU EXW
WDVN GR QRW DFFRXQW IRU WKLV 7KH GHVLJQ RI FXUUH
YLHZ RI WKH VHDUFK SURFHVV UDWKHU WKDQ D XVHU
ODUFKLRQLQL ) XUWKHUPRUH PDQ\ VI\IVWHPV GR QR
XVHU LQIRUPDWLRQ VHDUFKLQJ WDVNV VXFK DV EURZVI
UDSLG TXHU\ UHILQHPHQW DQG KLJK OHYHO HYDOXDWL

5HFDOO UHIOHFWYV WKH SURSRUWLRQ RI UHOHYDQW LWHPV UHWULH
BUHFLVLRQ UHIOHFWYV WKH SURSRUWLRQ RI WKH UHWULHYHG LWHP



2YHUYLHZ

SURGXFHG VXE JRDOLQJ HWF ODUFKLRQLQL DQG
KRZ WKHVH GLITHUHQW W\SHV Rl VHDUFK DUH WR EH VXt
VHDUFK D XVHU ZLOO SHUIRUP LQ D JLYHQ FRQWH[W 7KFE
XQVXLWDEOH DV WKH EDVLV IRU GHVLIJQLQJ LQWHOOLJI
WKH\ KLIJIKOLJKW LQWHUHVWLQJ LVVXHV DERXW UHWULHY
WR SUHGLFW RU H[SODLQ XVHU EHKDYLRXU LQ GLIITHUHQ\

+&, DV D GLVFLSOLQH KDV FRQWULEXWHG H[WHQVLYHO\ "
LQWHUIDFHV E\ LQYHVWLJDWLQJ WKH XVDELOLW\ RI GLI
PHWDSKRUV 7KH GHYHORSPHQW RI WKH QHZ LQWHUDF
DGYDQFHV LQ FRPSXWHU WHFKQRORJ\ HJ 7KXPEQDLO\
UDWKHU WKDQ VXSSRUWLQJ WKH XVHU 7KH YLVXD
)XUQDYV 3LUROOL HW DO %HQ\RQ HW DO
W\SH Rl VHDUFK DFWLYLW\ LV RQO\ D QDUURZ IDFHW RI
GLIIHUHQW LQWHUIDFH DSSURDFKHV IRU TXHU\LQJ VXFI
6KQHLGHUPDQ JLVNLQ HW DO RU TXHU\ E\ VNH\
SURYLGH DOWHUQDWLYH DFFHVV URXWHV WR LQIRUPDW
UHWULHYDO FRQWH[WV KDV QRW EHHQ LQYHVWLJDWHG
LOQWHUDFWLRQ WHFKQLTXH RU SUHVHQWDWLRQ PHWDSK
WKLV D ILUP XQGHUVWDQGLQJ RI WKH ,5 WDVN DQG WKH
QHFHVVDU\ +&, KDV QRW \HW IRFXVHG RQ WKH GHWHUP
XVHU UHWULHYDO EHKDYLRXU L H SURFHVV VWUDWHJL
KRZ WKH HIIHFWLYHQHVV Rl WKHVH DUH LQIOXHQFHG E!
XQGHUVWDQG ZK\ FHUWDLQ PHWDSKRUV IXQFWLRQV DQ
WKDQ RWKHUV WKH HIIHEWV Rl GLIIHUHQW GHVLJQ LPSC
HVWDEOLVKHG 7R SURYLGH DGDSWDEOH VXSSRUWLYH L
DFWLYLW\ Rl XVHUV D GHWDLOHG DQG FRPSUHKHQVLYH
GHWHUPLQHV WKH FRXUVH Rl UHWULHYDO EHKDYLRXU LV

,Q VXPPDU\ WKH SXUSRVH RI WKLV WKHVLV LV WR LQYHYV
DQG DFWLYLWLHYVY UHTXLULQJ V\VWHPV VXSSRUW IRU H
FRQWH[W LQ ZKLFK WKHVH DUH DSSOLFDEOH 7KH WKHYV
VSHFLILF VA\VWHPYV GHVLJQ GHFLVLRQV WR SUHGLFW WKH
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7KH UHPDLQGHU RI WKLV FKDSWHU UHYLHZV WKH FRPS]|
SURFHVV LVVXHV VSHFLILFDOO\ UHODWLQJ WR LQIRUPL
JHQHUDO XVH RI PRGHOV WR HQKDQFH FRPSXWHU XVH
FRQFOXGHV ZLWK D VXPPDU\ RI KRZ WKLV WKHVLV DWWFE
UHWULHYDO WDVNV WKURXJK FRJQLWLYH PRGHOOLQJ
XQGHUVWDQGLQJ VKRXOG EH XVHG WR VSHFLI\ WKH GLII
UHTXLUHG WR PLQLPLVH WKH JDS EHWZHHQ XVHUVY PF
IXQFWLRQDOLW\ SURYLGHG

,QIRUPDWLRQ VHHNLQJ

,QIRUPDWLRQ VHHNLQJ RFFXUV LQ PDQ\ DVSHFWV RI R’
LOWHUSUHWHG RSLQLRQV DQG EHOLHIV DUH IRUPHG DEF
XVHG WR PDNH GHFLVLRQV HJ ZKHQ FKRRVLQJ ZKLFK
LQIRUPDWLRQ FRQFHUQLQJ LQWHUHVW UDWHV 7KH ul

'‘DYLGVRQ SURYLGHG E\ FRPSXWHU UHSRVLWRULHYV
VHHNHUV KDV OHG WR QHZ LVVXHV UHODWLQJ WR pLQII
,ZVHOLQ 4XDUWHUPDQ 6KDUSH ,QIRUPDWLRC(

WUDQVLWLRQ IURP D SK\VLFDO DFWLYLW\ SHUIRUPHG LQ
VHOHEFWLQJ D ERRN IURP D OLEUDU\ VKHOI DQG H[SDQGL
ERRNV WR RSHUDWLRQV RQ D WZR GLPHQVLRQDO FRPSX
&' 520 WR ORFDWH VFLHQWLILF LQIRUPDWLRQ &DUG HW
LV LQ WKLV FRPSXWHU UHODWHG FRQWH[W LQIRUPDWL
VHHNLQJ LQYROYHV WKH XVH RI WRROV WR DVVLVW LQ
KLJK UHFDOO DQG SUHFLVLRQ IURP WKH LQIRUPDWLRQ U
DQG WKH WRROV SURYLGHG E\ FRPSXWHU V\VWHPV WR I
LQIRUPDWLRQ ,QIRUPDWLRQ VHHNLQJ LV RIWHQ G\QDPLH

ZLWK WKH LQIRUPDWLRQ UHWULHYHG DW GLIIHUHC
UHOHYDQFH WR WKH XVHUfV QHHG GHWHUPLQLQJ Wk
,QIRUPDWLRQ VHHNLQJ LV D KLJK OHYHO FRJQLWLYH SUFR
PD\ QRW EH FRQVFLRXV Rl ODUFKLRQLQL DQG LW KL

,163(& LV WKH FRS\ULJKW RI ,((( DQG )8/&580 WHFKQRORJLHV ,QF
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RXWFRPHV 7KH OHYHO DQG W\SH RI VHDUFK DFWLYLW\ S
IXQFWLRQ RI WKH XVHUVY NQRZOHGJH $OOHQ OLF|
SRXVH DQG 5RXVH DOO RI ZKLFK IHHG LQWR VXFFHV
NQRZOHGJH DQG FRQWH[W YDULHV WKH DFWLYLWLHV S
VXSSRUW ZLOO QHHG WR EH WDLORUHG DSSURSULDWHO\

7KHUH KDV EHHQ D WUDQVLWLRQ LQ ,5 VI\VWHPV DZD\ Il
ORFDWLQJ LQIRUPDWLRQ IRU D WKLUG SDUW\ WR HQG X
KDV REFXUUHG GXH WR LQFUHDVHV LQ WKH TXDQWLW\
FRPSXWHU V\VWHPV DQG WKH H[SDQVLRQ RI WKH QXPEH
7KLV WUDQVLWLRQ KDV QRW UHVXOWHG LQ D FKDQJH WF
VIVWHPV ODUFKLRQLQQL KHQFH PDQ\ VIVWHPV IDLO
7KH PRYH WR HQG XVHU VHDUFKLQJ DQG WKH GLIIHUHQW
XVHG KDV KLJKOLJKWHG WKDW PXOWLSOH DQG YDULHG
+DUWHU HW DO DQG %DWHYV SURGXFHG WD[RQ
ZKLFK FDQ EH DSSOLFDEOH LQ GLIIHUHQW VHDUFK FRQ
HIWHQW Rl WKH VWUDWHJILF NQRZOHGJH UHTXLUHG IRU
HQG XVHUV UDUHO\ SRVVHVV WKLV NQRZOHGJH ,5 UHV}E
GLIIHUHQW DSSURDFKHV FDQ H[LVW WR HIIHEWLYH UHWU

$SWHG DQG JRDO GLUHFWHG VHDUFKLQJ (LWKH
WR VXFFHVV \HW LW LV QRW FOHDU ZKHQ WKHVH DSSU!
ZRXOG EH PRVW HIILFLHQW IRU VDWLVI\LQJ XVHUV LQIR
7KH DSSOLFDELOLW\ Rl WDFWLFV DQG VHDUFK VWUDWHJL
EXW DOVR XSRQ WKH IDFLOLWLHV SURYLGHG E\ WKH
DSSOLFDEOH LQ DQ\ JLYHQ VLWXDWLRQ DUH DIIHFWHG E\
VHDUFKHV DQG LWV UHOHYDQFH 6DUDFHYLF 6 X
(IWKDPLDGHYV DQG $O0HQ IRXQG WKDW WKH GL\
XVHUfV SHUFHSWLRQ RI WKH VHDUFK UHVXOWV DQG W}
VI\VWHP IDFLOLWLHY DQG WKH SUHVHQWDWLRQ RI WKH L
SDUW RI PRGHOV RI ,5 EHKDYLRXU
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, QIRUPDWLRQ UHWULHYDO V\VWHPV GHVLJQ

(DUO\ UHWULHYDO V\VWHPV WHQGHG WR EH GHVLJQHG Il
SRZHUIXO UHWULHYDO DOJRULWKPV WR H[WUDFW UHOHY
YROXPHVY RI OLWHUDWXUH 5REHUWVRQ HW DO UDW
UHWULHYDO DFWLYLW\ I WKH HITHFWLYHQHVV RI ,5 LQ\
PXVW EH GHVLIJQHG IURP D XVHU SHUVSHFWLYH DQG VXS
SHUIRUP 7KH LQWHUIDFH DQG V\VWHP FDQ WKHQ EH XV
DVVLVWLQJ WKH XVHU LQ WKH FRQVWUXFWLRQ RI TXHULI
RI LQIRUPDWLRQ PD\ EH DWWDLQHG 7KH HQG XVHUV RI LC
D YDULHW\ RI HGXFDWLRQDO DQG VLWXDWLRQDO EDFNJI
GHVLJQ SURFHVV IRU ,5 VI\IVWHPV XQWLO ODWH LQ WKH
GHFLVLRQV RYHU WKH IXQFWLRQDOLW\ IDFLOLWLHV DQC
HISHUWV KDYH GHVLJQHG UHWULHYDO V\VWHPV WKH\ St
GLYHUVLILFDWLRQ RI WKH XVHU SRSXODWLRQ PHDQV W
GHWDLOHG NQRZOHGJH RI WKH QHFHVVDU\ ,5 VWUDWH
HITHFWLYH XVH RI VA\VWHP IXQFWLRQDOLW\ LV ORZ DQG
UDWKHU WKDQ ORFDWH LQIRUPDWLRQ HIILFLHQWO\ 7KH
PD\ UHTXLUH H[FHVVLYH XVHU HIIRUW WR ORFDWH PDWH!I
DQG LQFUHDVHYV WKH SUREDELOLW\ PXFK RI WKH UHOHYD
7KLV LV DQ XQDFFHSWDEOH VWDWH RI DIIDLUV DV ,5 V\V
TXHVW IRU LQIRUPDWLRQ QRW KLQGHU LW 7KLV KDV O
LPSURYLQJ WKH SUHVHQWDWLRQ RI ,5 VA\VWHPV IXQFWLF
WKH YDULHW\ RI XVHUV ZKR ZLVK WR H[SORLW WKLV WH|
WKH DGYLFH DQG IXQFWLRQDOLW\ RIITHUHG EDVHG RQ W
VHDUFK KLVWRU\ DQG QHHG W\SH

,QIRUPDWLRQ UHWULHYDO JHQHUDOO\ FHQWUHV DURXC
LQIRUPDWLRQ VHHNHU DQG WKH LQIRUPDWLRQ UHWULH)
DQG ODQJXDJHV XVHG IRU WKH UHWULHYDO YDU\ ZLWK W
ODQJXDJHV IRU UHODWLRQDO GDWDEDVHV DOORZ DFFH
ZKLFK SURYLGH FRQWURO RYHU WKH ORFDWLRQ DQG SU
GDWDEDVHY KDYH EHHQ GHVLIQHG WR VXSSRUW D VH)
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FRPPDQGVY WKDW DUH WKH UHVXOW RI WKH $16, =
LOQWHUDFWLYH WH[W VHDUFKLQJ &RPPRQ &RPPDQG /DQ.
VSHFLI\ WKH FRPPDQGYV XVHG WR DFFHVV LQIRUPDWLRQ
E\ WKH V\VWHP ,QIRUPDWLRQ V\WVWHPV EDVHG RQ D
S5REHUWVRQ DQG 6SDUFN -RQHV XVH D OLVW RI NF
EDVHG RQ D ZHLJKWLQJ FRPSLOHG IURP WKH IROORZLQJ
f &ROOHFWLRQ IUHTXHQF\ 7HUPV ZKLFK RFEXU LQ
EH PRUH XVHIXO WKDQ RQHV RFFXUULQJ LQ PDQ\
ZHLJKW LV D PHDVXUH RI WKLV
f 7HUP IUHTXHQF\ 7KH PRUH IUHTXHQWO\ D WHUP
PRUH LPSRUWDQW LW LV OLNHO\ WR EH IRU WKDW
PHDVXUH RI WKLYV
f 'RFXPHQW OHQJWK $ WHUP WKDW RFFXUV WKH V
GRFXPHQW DV LQ D ORQJ RQH LV OLNHO\ WR EH
GRFXPHQW WKDQ LW LV WR WKH ORQJ RQH 7KH
PHDVXUH RI WKLV
(DFK Rl WKHVH ZHLJKWV LV FRPELQHG WR JLYH D VF
FRPELQDWLRQ DQG WKHQ HDFK WHUPYV VFRUH LV FRPE
GRFXPHQW ZKLFK PDWFKHV WKH TXHU\ 7KH SUHVHQWDW
DQG WKH LQWHUIDFHY HQDEOH WKH WHFKQLFDO GHWDLO
WR EH DEVWUDFWHG DZD\ IURP WKH XVHU EXW WKLV L
VSHFLILF LQWHUIDFHY SURYLGHG E\ WKH GHYLFH PD\ KLC
4XHU\ E\ H[DPSOH =ORRI W LV XQFOHDU KRZ Gt
IXQFWLRQDOLW\ WR LQFOXGH KRZ WKH XVHU V\VWHP Gl
LQWHUIDFH PHWDSKRU WR EH XVHG DUH PDGH LQ WKH G
DUH WR SURYLGH DFFHVV WR LQIRUPDWLRQ IRU D YDUL
LQWHUIDFHY DQG VHDUFK ODQJXDJHV SURYLGH VXSSRU
WKHP PRUH HIIHFWLYH HJ UDSLG TXHU\ UHILQHPHQW
HIILELHQWO\ E\ GLIIHUHQW LQWHUIDFHV $ XVHU PD\ QHI
LQIRUPDWLRQ VHHNLQJ EXW WKHLU EHKDYLRXU PD\ EH F
VR LW LV LPSRUWDQW WR HVWDEOLVK WKH OLQN EHWZH
DQG WKH VWUDWHILHVY VXSSRUWHG E\ WKH GHVLJQ ,Q
IDFLOLWLHY FDQ EH GHWHUPLQHG WR HQVXUH XVHUV L
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HIITHFWLYHO\ /DQEDVWHU 7LPELH HW DO DQG
WKDW IRU ERWK H[SHULHQFHG DQG LQH[SHULHQFHG VHEL
WR LQHIIHFWLYH VHDUFK VWUDWHJ\ QRW WKH PHFKDQL
ODQJXDJH EXW WKH FRPPDQG ODQJXDJH FDQ EH D

LQH[SHULHQFHG XVHUV 7KH VWDQGDUGY DQG SURWRFR
FDQ EH HPEHGGHG ZLWKLQ PRUH XVHU RULHQWHG GLDOF
WKH SRZHUIXO UHWULHYDO DOJRULWKPV +RZHYHU WK
HIITHFWLYHQHVV DQG XVHU FRQILGHQFH LQ VXFK V\VWHP\
SURYLGH WR DVVLVW EURZVLQJ DQG GLIIHUHQW YLVXE
QHJOHFWHG DV WKHVH DUH DOVR IXQGDPHQWDO WR WKH

ORGHOV LQ ,5 GHVLJQ

7KH GHVLJQ RI LQWHUDFWLYH V\VWHPV VKRXOG HPERG\
DFWLYLWLHV SXUVXHG EDVHG RQ WKH WDVNV HQFRXQW
LQIRUPDWLRQ UHWULHYDO UHOLHV KHDYLO\ XSRQ D GL
VI\VWHP RU SHUVRQ UHVSRQVLEOH IRU HIWUDFWLQJ DQ

FRPPXQLFDWLRQ PRGHOV VKRZ KRZ H[SHUW LQWHUF
WUDQVODWRUYV EHWZHHQ LQIRUPDWLRQ UHWULHYDO V\
LOQOWHUPHGLDU\ XVHV DQ DFTXLVLWLRQ GLDORJXH WR H
LQIRUPDWLRQ UHTXLUHG DQG DGDSWV WKLV EDVHG RQ
WDFWLFV V\VWHP IDFLOLWLHYV DQG DSSOLFDEOH LQIRUF
NQRZOHGJH RI ,5 VWUDWHIJ\ PHWKRGV IRU TXHU\ DUWLI
FRPSOHWH VXFFLQFW DQG SUHFLVH LQIRUPDWLRQ QHHC
VHDUFKLQJ 7KH HOLPLQDWLRQ RI WKH OLEUDULDQ IURTI
GLVWULEXWLRQ RI LQIRUPDWLRQ DFFHVV DQG VWRUDJH
SUHVVXUHV RQ OLEUDU\ UHVRXUFHVY KDV FDXVHG D JDS
WKH LQIRUPDWLRQ UHTXLUHG DQG WKH V\VWHPY{V PRGF
PHFKDQLVPVY ODUFKLRQLQL DQG /LHEVFKHU '‘DQLORZ
WKH ZKROH DFTXLUHG WKH H[SHUW NQRZOHGJH RI OLI
FDXVHV SHUIRUPDQFH WR EH SRRU DQG VSRUDGLF ,QIR
LOWHUDFWLRQ EHWZHHQ WKH VHDUFK DFWLYLWLHV ZKLI
ZHOO IRUPHG TXHU\ DQG WKH FRQFHSWYV SUHVHQW LQ W
LV QHFHVVDU\ LI WKH LQIRUPDWLRQ QHHG LV WR EH VD)
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WKH XVHUV QHHG XVLQJ PXOWLSOH WHUPV EDVHG RQ
GLITHUHQFHY LQ VHDUFK DFWLYLW\ IRU GLITHUHQW W\SH
ZKLFK FRXOG EH HOLFLWHG E\ H[SHUW LQWHUPHGLDULH\
RQ WKH OLEUDULDQTYVY UROH LQ WKH QHJRWLDWLRQ SUF
SUHGLFWLYH PRGHOV RI XVHUV DQG PRGHOV RI H[SHU
GHVLIJQHUV LI WKH\ DUH WR HQVXUH WKH LQWHUIDFHV D!
DUH VXSSRUWLQJ XVHU DFWLYLW\ $ QXPEHU RI PRGHC
OLWHUDWXUH DQG WKHVH DUH GLVFXVVHG LQ FKDSWHU
SLWIDOOV 7KH PRGHOV WHQG WR IRFXV RQ QDUURZ FR
WKHLU OLPLWHG VFRSH FRXOG FDXVH SUREOHPV LI WKI
LOQWHOOLJHQW UHWULHYDO VXSSRUW 7KH VHFRQG SURE
SURFHVV DULVHV EHFDXVH WKH PRGHOV DUH QRW WLJK
GHVLJQ DQG WKXV LW LV GLIILFXOW WR SUHGLFW WKH H
RQ XVHU DFWLYLW\ RU SURYLGH FRQWH[W VHQVLWLYH L
SURFHVV 7KH QHHG WR LQFOXGH HOHPHQWYV RI WKH ,5 V
UHWULHYDO RFFXUV EHFDXVH RI WKH LQIOXHQFH RI WKH
TXHU\ DUWLFXODWLRQ DFWLYLWLHV SHUIRUPHG DQG WK

8VHU FHQWUHG GHVLJQ DV HPERGLHG LQ ,62 +XPD
,QWHUDFWLYH 6\WWHPV VHHPV WKH PRVW DSSURSULDWH
UHWULHYDO V\VWHPV GHYHORSPHQW RZLQJ WR WKH NH\
WKH UHWULHYDO WDVN 7KH DSSURDFK SODFHV VSHFLC
VRIWZDUH ZKLFK LV pXVDEOH HIIHEWLYH HIILEFLHQW D¢
VSHFLILHVY WKDW WR DFKLHYH WKLV WKH HVVHQWLDO GH
XQGHUVWDQG DQG VSHFLI\ WKH FRQWH[W RI XVH
WKH GHVLJQHU PXVW KDYH D GHWDLOHG XQGHUVWI
f WKH FKDUDFWHULVWLEV Rl WKH LQWHQGHG
H[SHULHQFH HGXFDWLRQ WUDLQLQJ HWF
f WKH GLIIHUHQW WDVNV WKH XVHUV ZLOO SHUI
VSHFLI\ WKH XVHU DQG RUJDQLVDWLRQDO UHTXLUF
SURGXFH GHVLJQV DQG SURWRW\SHYV
FDUU\ RXW XVHU EDVHG DVVHVVPHQW
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7KLY GHVLJQ DSSURDFK DLPV WR LQFUHDVH XVHU SURG
TXDOLW\ RI ZRUN HIIHFWLYHQHVYVY RI UHWULHYDO DFW
VXSSRUW DQG WUDLQLQJ FRVWV E\ DVVLVWLQJ XVHUV W
KHDOWK DQG VDIHW\ $Q LPSRUWDQW DVSHFW RI XVHU F
ZKLFK DVSHFWV RI WKH WDVN VKRXOG EH SHUIRUPHG E\
, 5 WKH GLVWLQFWLRQ LVQIYW VWDWLF GXH WR WKH DGDS
WDVN 7KH ,62 VWDQGDUG SURYLGHV WKH JHQHUDO SUR
V\VWHP 5 QHHGVY WR EH WUHDWHG VOLJKWO\ GLIITHUHQ
GLYHUVLW\ LQ WKH FKDUDFWHULVWLFV RI LQIRUPDWLRQ
XWLOLVH XVHU FHQWUHG GHVLIQ WHFKQLTXHVY D WKRUR?
YDULHW\ RI WDVNV YDULHW\ RI VWUDWHILF DSSURDFKH
WKH UHWULHYDO RI LQIRUPDWLRQ DQG WKH HIIHFWV RI \
QHFHVVDU\ 7KH LQWHUDFWLYH UHDFWLYH DQG G\QDPLF
WKDW WKH QXPEHU RI SRVVLEOH IXQFWLRQDOLW\ DQG L
WKH GLIIHUHQW SRVVLEOH WDVN DQG XVHU W\SHV ZLO
QHFHVVLW\ WR H[WHQVLYHO\ WHVW GLIITHUHQW GHVLJQV
IURP LWV GRPLQEDQW HIIHFW RQ WKH DGDSWDWLRQ VW
UHWULHYDO WDVN SDVPXVVHQ 8VHU FHQWUHG
SURWRW\SHVY WR EH GULYHQ IURP D ILUP XQGHUVWDQGL!
DFWLYLW\ UHTXLULQJ VXSSRUW 7KXV XVHU FHQWUHG
WKRURXJK XQGHUVWDQGLQJ RI WKH ,5 WDVN WKH XVHU
LV WR EH HITHFWLYH DQG FXUUHQW PRGHOV RI ,5 DUH X
FRQWH[WV LQ ZKLFK LQIRUPDWLRQ UHWULHYDO RFFXU\
HITHFWLYH V\VWHPVY DQG WR EDVH GHVLJQ GHFLVLRQV R
DGDSWDEOH WKHRU\ RI XVHU UHWULHYDO EHKDYLRXU LV

6 XPPDU\

f $OWKRXJIJK PRGHOV RI ,5 H[LVW WKH\ WHQG RQO\ WR H
VSHFLILF FRQWH[W 7KH PRGHOV GRQTW OLQN WKH
LQIRUPDWLRQ UHWULHYHG RQ XVHU EHKDYLRXU DQG WI|

f ,QIRUPDWLRQ VHHNLQJ FDQ EH SHUIRUPHG RQ UHPR
UHSRVLWRULHV HJ ::: ZKLFK KDV VHHQ LQFUHDVHYV
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DFFHVV SRLQWYV DQG WKH UHPRYDO RI VHDUFK LQWHUF
XVHU UDWKHU WKDQ H[SHUW GULYHQ +RZHYHU XVHU
NQRZOHGJH Rl UHWULHYDO WHFKQLTXHV DQG V\VWHPYV
RITHUHG E\ WKH H[SHUW LQWHUPHGLDU\ LQ WKH QHHG [
f ,5 LQYROYHV PDQ\ GLIITHUHQW W\SHV RI DFWLYLWLHYV
YLHZV RI WKH ,5 SURFHVV DUH LQVXIILFLHQW WR VStFt
RSWLRQV DUH DSSOLFDEOH RU KRZ GHFLVLRQV EHWZHE
+ ,5 LV G\QDPLF LWHUDWLYH DQG UHDFWLYH WR WKH
UHOHYDQFH RI WKH LQIRUPDWLRQ UHWULHYHG DQG W
PXVW FRQVLGHU WKH HIIHFWV RI WKH ,5 GHVLJQ DQG
DFWLYLWLHYVY VWUDWHJLHY DQG WDFWLFV XVHG 7KLV
GHVLIQ WHFKQLTXHV WR EH XVHG EXW WKHVH UHTXLUI
WDVNV SHUIRUPHG DQG WKH VSHFLILFDWLRQ RI WKH E
GLITHUHQW W\SHV RI XVHU JLYHQ DOWHUQDWLYH V\VWH
7TKHVH IDFWRUV OHDG WR D QHHG IRU D WKHRU\ WKDW F
PDFKLQH WR SUHGLFW VXFFHVVIXO LQWHUDFWLRQ DQG
GLDORJXH ZKLFK DVVLVWYV HIIHFWLYH UHWULHYDO

TKHVLVY UDWLRQDOH DQG RYHUYLHZ

7KH PDQ\ GLIITHUHQW XVHU VHDUFK DFWLYLWLHV UHTX
QHJOHFWHG E\ ,5 VA\VWHP GHVLJQHUV FDXVLQJ XVHUV W
7KLV KDV FXOPLQDWLQJ LQ XVHUV KDYLQJ D ORZ FRQILC
ZLOO FRQWDLQ D KLIJK SHUFHQWDJH RI UHOHYDQW LQIR
SURYLGH TXHU\ DVVLVWDQFH DQG KHOS IDFLOLWLHV DV
GLYHUVLW\ RI DFWLYLWLHYV VWUDWHJLHY DQG WDFWLFV
FKDUDFWHULVWLFV IRXQG LQ WKH GLITHUHQW UHWULHYD

7KH SUREOHPYV DQG LVVXHVY DGGUHVVHG LQ WKLV FKDSW
DLPV ZKLFK DWWHPSW WR LPSURYH WKH TXDOLW\ RI |,
SHUFHSWLRQ RI WKHVH VA\VWHPV ZLWKLQ WKH XVHU SRSX
+¥ 'HFUHDVH WKH JDS EHWZHHQ XVHUfV PHQWDO P}
IXQFWLRQDOLW\ SURYLGHG E\ ,5 VAI\VWHPV 7R DFK



2YHUYLHZ

LGHQWLI\ WKH H[WHQW RI WKH PLVPDWEFK EHWZHEL
SURFHVV DQG TXHU\ VXSSRUW RIIHUHG E\ V\VWHP\
RI ,5 LQWHUIDFHVY DQG WKH GLDORJXHV XVHG WR
PHQWDO PRGHOV Rl WKH GLIIHUHQW XVHUV

f ,PSURYH WKH XQGHUVWDQGLQJ RI WKH FRJQLWL)
VHDUFK EHKDYLRXU WR HQDEOH WKH SUHGLFWLF
UHTXLUHPHQWYV

f ,QFUHDVH WKH HIILFLHQF\ DQG HIIHFWLYHQHVV ZI
VDWLVILHG E\ WDLORULQJ V\VWHP DGYLFH EDVHG
RI H{TSHUWLVH PRGHOV Rl XVHU DEWLYLW\ DQG W
UHTXLUHPHQWY IRU VXSSRUWLQJ LQIRUPDWLRQ U
VHQVLWLYH PDQQHU

f 'HFUHDVH WKH FRJQLWLYH HIIRUW XVHUV H[SHC
VSHFLILFDOO\ GHPDQGV SODFHG RQ WKH XVHU E
FRQWH[W DQG XVHU VHQVLWLYH V\VWHPV VXSSRUW
LQ WKH WLPH DQG WUDLQLQJ UHTXLUHG IRU HIIHFV

f ,PSURYH VHDUFK WUDFHDELOLW\ DQG GLDJQRVD

PHDQV RI LPSURYLQJ WKH TXDOLW\ RI WKH LQIRUPI
7R SUHGLFW KRZ WKH VHUYLFHV D VIVWHP SURYLC

GLIIHUHQW LQIRUPDWLRQ UHWULHYDO QHHGV XVH

++

7KH DLPV FRQGHQVH LQWR WKH IROORZLQJ PDLQ UHVHDU

+\SRWKHYSZW\VWHPV LQWHUIDFHYVY ZLOO EH LPSURYHG E\
VRXQG WDVN PRGHO DQG JXLGHOLQHV GHULYHG IUR
VHHNLQJ EHKDYLRXU

+\SRWKHY¥YDWWHUQV RI XVHU VWUDWHJILHY WDFWLFV DQC
RSHUDWLRQDOLVHG DV WDVN VXSSRUW IXQFWLRQV SL

+\SRWKHV&RPSXWDWLRQDO PRGHO LPSOHPHQWDWLRQ Z
VXIJIHVWLQJ KRZ WKH IDFLOLWLHV RI ,5 VA\VWHPV PD\
XVHU DQG W\SHV RI WDVN
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+\SRWKHVHMUFKLQJ SHUIRUPDQFH XVHU VDWLVIDFWLRQ
FDQ EH LPSURYHG E\ VXSSRUWLYH GLDORJXHV HQKEL
WDUJHWHG V\VWHP DVVLVWDQFH GULYHQ IURP DQ X
WKHLU FXUUHQW FRQWH[W

7TKHVH UHVHDUFK DLPV DQG K\SRWKHVHYV LPSO\ D UHTXL
RI WKH UHWULHYDO SURFHVV IURP D VHDUFKHUV SHUV!
IXQFWLRQDOLW\ DQG LQWHUIDFHYV UHTXLUHG LI XVHU SHI

JLIXUH 2YHUYLHZ RI WKH WKHVLV VWUXFWXUH DQG UD

&KDSWHU LQYHVWLIDWHY WKH FXUUHQW OLWHUDWXUH
WKH UHWULHYDO WDVN HPSLULFDO VWXGLHV RI WKH X
VWUDWHJILHYVY IRU LQIRUPDWLRQ VHHNLQJ DQG WKH FRPS
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OLWHUDWXUH KDV EHHQ VI\QWKHVLVHG ZLWKLQ D FRPPR
EH\RQG D VSHFLILF FRQWH[W RU REVHUYHG EHKDYLRXU
DQG EHKDYLRXU SDWWHUQV DUH XVHG 7R FRQFOXGH Wtk
PRGHO XVHU LQWHUDFWLRQ DUH GLVFXVVHG

&KDSWHU GHVFULEHV WKH UHVXOWYVY RI DQ HPSLULFDO
XVH TXHU\ FRQVWUXFWLRQ DQG IDFLOLW\ XVH IRU D YD
7KH VWXG\ ZzDV SHUIRUPHG RQ WKH O0('/,1( GDWDEDVH X\
7KH SXUSRVH RI WKH VWXG\ ZDV WR DVVHVV LI D UHTXL
HILVWHG DQG WR HOLFLW WKH VWUDWHJLHY DQG DFWLYL
PXVW DFFRXQW IRU 7KH UHVXOWYV RI WKLV VWXG\ FRQ
FRIQLWLYH PRGHO SUHVHQWHG LQ FKDSWHU E\ LQGLFC
DQG TXHU\ SDWWHUQV ZKLFK QHHG WR EH DGGUHVVHG

HVWDEOLVKHY D UHTXLUHPHQW WR YLHZ ,5 VI\VWHP GHVL
EH XVHG 7KH H[SHULPHQW SHUIRUPHG SURGXFHG D ULF
ZDV VSOLW LQWR D TXDQWLWDWLYH DQDO\VLV VHH FKELC
GDWD VHH FKDSWHU IRU XVHUV UHWULHYDO VHVVLF
PHDVXUHV IRU SHUIRUPDQFH TXHU\ FKDUDFWHULVWLFV
XVDJH DQG DQDO\WVLV RI WKH VHDUFK IDFLOLWLHV XVHG

DQRDO\WHG XQWLO LQLWLDO WKHRU\ GHYHORSPHQW ZDV F

&KDSWHU SUHVHQWY D FRIJQLWLYH PRGHO RI LQIRUPDYV
WKH OLWHUDWXUH RQ XVHU PRGHOV LQ ,5 VHH FKDSWE
VWXG\ GHVFULEHG LQ FKDSWHU 7TKH FRIJIQLWLYH PRGH!
WKH VLWXDWLRQV LQ ZKLFK LQIRUPDWLRQ LV UHWULHYH
G\QDPLF DQG VRPHWLPHVY UHDFWLYH QDWXUH RI LQIRU
HITHFWV RI WKH GHYLFH RQ UHWULHYDO DFWLYLW\ DQG
GLVFXVVHG 7KH PRGHO DWWHPSWV WR SURYLGH D PRU
ZLWKLQ WKH FRQWH[W RI WKH XVHU WKHLU WDVN DQG W

&KDSWHU GHVFULEHV WKH UHVXOWYVY RI D SURWRFRO
SURFHVVHVY DQG PHQWDO DFWLYLWLHYV SHUIRUPHG IRU
VWXG\ LQYHVWLIJDWHYVY RFFXUUHQFH DQG VHTXHQFH RI C



2YHUYLHZ

YDOLGDWLRQ RI WKH FRJQLWLYH PRGHO GHVFULEHG LC
FKDSWHU KLJKOLJKWYV D QXPEHU RI IDFWRUV DQG FRQ!
7KH PRGHO SUHVHQWHG LV FRPSOH[ GXH WR WKH GLYHU
RQO\ D SDUWLDO YDOLGDWLRQ LV SRVVLEOH RZLQJ WR
VIVWHP FRPELQDWLRQV 7KLV FKDSWHU LQYHVWLJDWH\
JURXSV ZLWK GLIIHULQJ GHYLFH NQRZOHGJH IRU D OLP
WV\SHV 7KH FKDSWHU LQYHVWLJDWHY DEWLYLW\ RFEXUUH
XVHU EHKDYLRXU WKURXJK WKH UHWULHYDO SURFHVV 7
UHSRUWYV ZDV XQGHUWDNHQ WR YDOLGDWH WKH WKHRU
GHVLJQ UHSRUWHG LQ WKLV FKDSWHU DUH WKH VDPH D
SRVVLEOH WR SHUIRUP WKH YDOLGDWLRQ DW WKLV KL.
YHUEDO SURWRFROV WR VWUDWHJILHVY DQG WDFWLFV D
FRQVXPLQJ QDWXUH Rl SURWRFRO DQDO\VLV

&KDSWHU GLVFXVVHV WKH XVHU SURFHVVHV VWUDWH
GHYHORSPHQW RI TXHULHV UHTXLULQJ VXSSRUW IURP
GLVFXVVHV KRZ WKLV DGYLFH VKRXOG EH GHOLYHUHG IF
FRQWH[WV LQ ZKLFK LW LV DSSURSULDWH WR JLYH WKL
YLHZ RI WKH UHWULHYDO WDVN WKH YDULRXV VHDUEFK
GLVFXVVLRQ RI KRZ UHWULHYDO V\VWHPV GHVLJQV FD
FKDSWHU SURFHHGV WR GHVFULEH DQ H[HPSODU ZHE E
VSHFLILF FDWHJRU\ RI XVHU 7KH V\VWHP HPERGLHV TXH
VWUDWHILHY DQG WDFWLFV EDVHG RQ WKH FKDUDFWHU
XVDELOLW\ VWXGLHY SHUIRUPHG RQ WKH H[SHUW DGYLVF

&KDSWHU VXPPDULVHVY WKLV UHVHDUFK GLVFXVVHV
GLUHFWLRQV



&KDSWHU

SHYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGL
DQG UHWULHYDO

7KLY FKDSWHU SURYLGHYV EDFNJURXQG LQIRUPDWLRQ IRL
UHVHDUEFK



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI LQIRUPDWLRC

&KDSWHU S5HYLHZ RI XVHU PRGHOV DQG HPSLU!
,QIRUPDWLRQ VHHNLQJ DQG UHWULHYDO

 QWURGXFWLRQ

7TKH FKDSWHU GHILQHV WKH FRPSRQHQWYV RI WKH LQIF
SURFHHGLQJ WR GLVFXVV WKH UHOHYDQW OLWHUDWXUH
Rl XVHUV &XUUHQW PRGHOV RI WKH ,5 SURFHVV DQG H]|
FRQVLGHUHG DV PHWKRGV RI VROYLQJ VRPH RI WKH SUF
OHDGV LQWR GLVFXVVLRQ RI WKH W\SHV RI EHKDYLRXU
WDVN 7KLV LV IROORZHG ZLWK D GLVFXVVLRQ RI WKH
ZKLFK DVVHVVHV WKH VLWXDWLRQ IDFWRUV DIIHFWLQJ
GLIITHUHQW +&, WHFKQLTXHV IRU WKH PRGHOOLQJ RI XVH
LV IROORZHG E\ D VXUYH\ RI SUHYLRXV UHVHDUFK RQ
LOWHOOLJHQW VWUDWHILHY LQ DQ DWWHPSW WR LPSU
FRQFOXGHYV E\ DGGUHVVLQJ WKH HITHFWLYHQHVV RIl FXL
VXPPDU\ RI WKH VLWXDWLRQ IDFWRUV ZKLFK KDYH WKH
UHWULHYDO SDWWHUQV SURGXFHG

, QIRUPDWLRQ UHWULHYDO D GHILQLWLRQ RI L

7UDGLWLRQDOO\ WKH LQIRUPDWLRQ UHWULHYDO GRPDL
VIVWHP XVHU WDVN DQG WKH OLEUDULDQ ,QJZHUVHQ
LQIRUPDWLRQ UHWULHYDO WR WKLV WKHVLV DUH WKH V!
DQG GLYHUVLILFDWLRQ RI WKH XVHUV UHTXLULQJ LQIR
UHWULHYDO V\VWHPV KDV PLQLPLVHG WKH OLEUDULDQV

7KH V\VWHPV FRQVLGHUHG DUH GREXPHQW UHWUL
VIVWHPV VXFK DV 0('/,1( RU VHDUFK HQJLQHV /\FRV :F
FRPSRQHQWYV RI LQIRUPDWLRQ UHWULHYDO V\VWHPV DL
GLDORJXH LQIRUPDWLRQ SUHVHQWDWLRQ PHWDSKRUV
FRQVLGHUV WKHVH FRPSRQHQWY DW D KLJK OHYHO RI D
VHUYLFHV DV DOWKRXJK WKH UHWULHYDO DOJRULWKP D
WKHVH IDFLOLWLHY PD\ DOWHU WKH TXDOLW\ RI UHVX(
SUHFLVLRQ WKH\ GR QRW GLUHFWO\ LQIOXHQFH WKH XVI
FRQWHQW DQG GRFXPHQW UHSUHVHQWDWLRQV DUH PR



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI LQIRUPDWLR(

TXDQWLW\ DQG TXDOLW\ RI WKH UHVXOWY ,PSRUWDQW

DUH WKH GLITHUHQW VLWXDWLRQ FRQWH[WV LQ ZKLFK \

KHOG OLFKHO $O0OHQ WKH REVHUYHG DFWI

XQGHUO\LQJ WKH LQWHUDFWLRQ ZLWK WKH UHWULHYD

DQVZHUHG DUH

f $UH WKH VHDUFK WHFKQLTXHYVY DQG EHKDYLRXU SDWW
RI XVHU"

tf +RZ FDQ WKH VHDUFK DFWLYLWLHV RI XVHUV EH V:
UHWULHYDO VA\VWHPV GHVLJQ"

f 7R ZKDW H[WHQW GR WKH WDVN DQG WKH FKDUDFWI
LQIOXHQFH WKH UHWULHYDO DFWLYLW\ SHUIRUPHG"

([LVWLQJ PRGHOV RI XVHU DFWLYLW\ LQ WKH

,Q WKLV VHFWLRQ VHYHUDO PRGHOV RI XVHU EHKDYLR
GLVFXVVHG ZKLFK SURYLGH KLJK OHYHO REVHUYDWLR
GHVFULSWLRQ RI XVHU EHKDYLRXU 7KH PRGHOV DUH GF
WKH\ KDYH PDGH WR LQFUHDVLQJ WKH XQGHUVWDQGLQ
DVSHFWV RI WKH ,5 WDVN WKH\ GR QRW DGGUHVV 7KH R
VWDUWLQJ SRLQW IRU PRGHOOLQJ XVHU EHKDYLRXU EXW
IDLOV WR SURYLGH GHWDLO FRQFHUQLQJ WKH PHQWDO
UHDVRQV IRU SXUVXLQJ RQH SDUWLFXODU FRXUVH RI DI
FDQ EH H[SODLQHG LQ WHUPV RI LWV XQGHUO\LQJ FRJC

UHTXLUHPHQWYVY IRU D FRJQLWLYH PRGHO VHH ILJ>
REVHUYHG EHKDYLRXU LW LV QHFHVVDU\ WR WDNH WKH
DGGUHVVHY DQG LQYHVWLJDWLQJ WKH FRJQLWLYH DFWL
7R JDLQ D PRUH FRPSUHKHQVLYH YLHZ RI XVHUV UHWU
REVHUYHG VHDUFK DFWLYLW\ IRU GLIIHULQJ VHDUFK FR
PRGHO RI WKH VHDUFK SURFHVV 7R DFFRPSOLVK WKLV C
FRQWDLQ WKH JHQHUDO DWWULEXWHVY UHTXLUHG WR
DGDSWDELOLW\ QHFHVVDU\ WR DOORZ WKH WUDFLQJ RU
WKH VWLPXOL SUHVHQW



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHYV RI LQIRUPDWLRC

OHGLDWLQJ

$SQWHFHGBIEBBBBBEFRBBLWLYH y %HKDYLRXU
VWLPXOL HMQW
J)LIXUH *HQHUDO UHTXLUHPHQWY RI D FRIQLWLYH PRC

BWDWHV RI LQIRUPDWLRQ QHHG WUDQVLWLRQV LQ '

7D\ORU LGHQWLILHG DQG FDWHJRULVHG WKH IRXU V
QHHG PXVW EH WUDQVIRUPHG LQ LWV GHYHORSPHQW
FRQFHSWLRQ WR FRPPXQLFDWLRQ WR D WKLUG SDUW\

WKH DFWXDO EXW XQH[SUHVVHG QHHG

WKH FRQVFLRXV QHHG

WKH IRUPDOLVHG QHHG

WKH FRPSURPLVHG QHHG
7D\ORU LGHQWLILHG WKHVH VWDWHY IURP H[SHULPHQWV
QHHGV WR D OLEUDULDQ ,QIRUPDWLRQ QHHGYV DUHQTW
XVHU PD\ HQFRXQWHU SUREOHPV FRPPXQLEFDWLQJ WKH C
WKH ODEHOOLQJ HIIHEFW ,QJZHUVHQ DQG WKLV LV
IRUPXODWLRQ 7KH ODVW WZR VWDJHV RI WKLV LQIRUPD
WKH OLEUDULDQ XVLQJ WKHLU H[SHUW VHDUFKLQJ VNLO
UHVXOWYV ZLWK DSSURSULDWH VWUDWHJLHY DQG WDFWL
VHDUFK SURFHVV ZLOO FDXVH DUWLEFXODWLRQ DQG V
HVSHFLDOO\ ZKHQ GHWHUPLQLQJ KRZ WR UHDFW WR WKH

SHDUO JURZLQJ

JLIXUH 3HDUO JURZLQJ RU RQLRQ SHHOLQJ EHKDYLRX!



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI LQIRUPDWLRC

JLIXUH VKRZV ODUNH\ DQG $WKHUWRQYV SHDUO Jl
DFNQRZOHGJHV WKH LWHUDWLYH QDWXUH RI PDQ\ VHD
G\QDPLFV RI LQWHUDFWLYH VHDUFKLQJ DFWLYLW\ 7KH F
HQDEOHYVY HDV\ VHDUFK LWHUDWLRQ RWKHUZLVH HIIRUW
PDNHV UHOHYDQFH MXGJHPHQWY DV WKH VHDUFK SURJU|
GHYHORSPHQW 7KH VHDUFKHU VWDUWYV ZLWK D TXHU\ R
UHWULHYDO VHW DVVRFLDWHG ZLWK WKLV DQG UHILQHYV
RQ WKH UHVXOWV SURGXFHG 7KH VHDUFK LV D PXOW
ZKHUHE\ WKH LQLWLDO VHDUFK UHTXHVW LV QDUURZHG

DOWHULQJ WKH JUDQXODULW\ RI VHDUFK FRQFHSWYV RU \
D TXHU\ FDQ EH HLWKHU DGGLWLYH DGG PRUH WHUPV

GHGXFWLYH UHPRYH WHUPV WR UHGXFH FRQVWUDLQW
JubQXobuLw\ RI WKH LQIRUPDWLRQ UHWULHYHG L H UH
Rl WKH UHVXOWYV VHW 7KH LPSRUWDQFH RU LPSDFW R
ZKLFK VXFFHVVIXOO\ FRQWULEXWH WR WKH VROXWLRQ
GLVFRXQW DOWHUQDWLYHV DQG WKXV QDUURZ WKH VS
VROXWLRQ H[LVWV 7KH LQWHU WZLQHG QDWXUH RI WKH
LQ WKH VHDUFK DQG WKH LPSRUWDQFH RI IHHGEDFN RC
JURZLQJ PRGHO LV D KLJK OHYHO GHVFULSWLRQ RI REVI
VHDUFK SURFHVV EXW IDLOV WR VXIILFLHQWO\ EUHDN LV
SHUIRUP DV WKH LQIRUPDWLRQ SUREOHP LV UHILQHG R
UHWULHYDO VWUDWHI\ HJ GLUHFWHG RU VHPL GLUHFWI
7KH PRGHO ZDV QRW GHVLIJQHG WR SUHGLFW RU H[SOD
UHWULHYDO RI LQIRUPDWLRQ 7KLV YLHZ RI ,5 ODFNV D
IDFWRU DV LW DIIHFWV KRZ WKH TXHU\ SDWWHUQ DQG VV

,QIRUPDWLRQ VHDUFK WDFWLFV

%DWHV DFFRXQW RI WKH VHDUFK SURFHVV GHDOV
VHDUFK WKURXJK WKH XVH RI WDFWLFV IRU WKH LPSOI
PDQRHXYUHV WR IDFLOLWDWH WKH VROXWLRQ RI DQ LQ
ILQGLQJ WKH GHVLUHG LQIRUPDWLRQ LV D WDFWLF DQG
ZKROH VHDUFK 7KH PRGHO DFWV DV D IDFLOLWDWLRQ

LQWHUDFWLRQ ZLWK WKH V\VWHP EXW QRW DV D SUHVF



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI LQIRUPDWLRC

VXJIJHVWV WKH WDFWLFV VHDUFKHUV VKRXOG DSSO\ WR

LPSURYH WKH HIILELHQF\ DQG HIIHFWLYHQHVV RI WKH \

IRXU W\SHV Rl VHDUFK WDFWLFV PRQLWRULQJ WDFW

IRUPXODWLRQ WDFWLFV DQG WHUP WDFWLFV ORQLWRUL

DQG PDNH VXUH LWV HIILFLHQW

+ &KHPMR FRPSDUH WKH FXUUHQW UHTXHVW ZLWK WKH R

f :HLJWWR PDNH D FRVW EHQHILW DVVHVVPHQW IRU VHDU

+ 3DWWWR E@H DZDUH RI D SDUWLFXODU VHDUFK SDWWHU

f &RUUNBWW DQG FRUUHFW PLVWDNHYV

f SBHFRW®R NHHS D WUDFN RI RSWLRQV IROORZHG RU LJQF

)LOH VWUXFWXUH WDFWLFV SURYLGH WHFKQLTXHV IRU W

LQIRUPDWLRQ IDFLOLW\

f %LKK®WR ORRN IRU D ELEOLRJUDSK\ DOUHDG\ SUHSDUH

SODQQHG KDV EHHQ GRQH LQ D XVDEOH IRUP E\ RWKHU

6HOH¥RVEUHDN FRPSOH[ SUREOHPV GRZQ LQWR VXE SUI

6XUYWR UHYLHZ WKH DYDLODEOH RSWLRQV

&XWR XVH VHDUFKHV ZKLFK FXW RXW WKH ODUJHVW SI

6WUHWRK(VH D VRXUFH IRU RWKHU WKDQ LWV LQWHQGH

6FDIIRORE GHVLIJQ D LQGLUHFW URXWH WKURXJK WKH L

WKH GHVLUHG LQIRUPDWLRQ

f &OHDWR HPSOR\ ELQDU\ VHDUFKLQJ LQ ORFDWLQJ DQ L

BHDUFK IRUPXODWLRQ WDFWLFV HQDEOH WKH FRQVWUX

IRUPXODWLRQ

f 6SHFWR VHDUFK RQ WHUPV WKDW DUH DV VSHFLILF DV

f ([KDXWWR LQFOXGH PRVW RU DOO Rl WKH HOHPHQWV R
IRUPXODWLRQ

f GBHGXPWHWR PLQLPLVH WKH QXPEHU RI HOHPHQWYV RI WKt}
IRUPXODWLRQ

+ 3DUDOMRHO®DNH WKH VHDUFK IRUPXODWLRQ EURDGHU E\

+ 3LQSRW@®WPDNH WKH VHDUFK IRUPXODWLRQ SUHFLVH E
VIQRQ\PV XVHG

f %YORMMR UHMHFW LWHPV FRQWDLQLQJ FHUWDLQ WHUPYV

= + +H+ +H +H



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI LQIRUPDWLR(

7THUP WDFWLFV HQDEOH WKH VHOHFWLRQ DQG UHYLVLRC
IRUPXODWLRQ

- + + H+ H+ =+ =+ H H+ H

6XSHUWR XVH D EURDGHU WHUP
6XEWR XVH D QDUURZHU WHUP

5HODWRI XVH D FR RUGLQDWH WHUP

1IHLJKERRUVHHN DGGLWLRQDO WHUPV E\ ORRNLQJ DW C
7UDAMR H[DPLQH LQIRUPDWLRQ DOUHDG\ IRXQG LQ WKH
9DUWR VXEVWLWXWH VHDUFK WHUPYV

)Ll WR WU\ DOWHUQDWLYH DIIL[HV

5SHDUUDMRHWHYHUVH RU UHDUUDQJH WKH ZRUGV LQ VHD
&RQWWDRIXVH D ORJLFDOO\ RSSRVLWH WHUP
5HVSMROVHDUFK XQGHU D GLIIHUHQW VSHOOLQJ

5H VSDWFRI WU\ VSDFLQJ YDULDQWYV

7KH PRGHO DLPV WR DOWHU WKH XVHUV EHKDYLRXU WRZ
WKDQ WR SURYLGH VXSSRUW WRROV WR HQKDQFH LQVW|
XVHU DGDSWDWLRQ RYHU V\VWHP VXSSRUW FDXVHV WK
LPSURYHPHQW RI WKH ,5 SURFHVV DSDUW IURP LQGLFDW
GHYHORSHG DV WKH PDMRULW\ RI HQG XVHUV DUH QRW C

ORGHOV Rl FRPPXQLFDWLRQ LQ ,5

&RPPXQLFDWLRQ DQG,PSOHPHQWDWLRQ JLYHQ
QHJRWLDWLRQ WR LGHQIWHUW NQRZOHGJH
LQIRUPDWLRQ QHHG

JLIXUH &RPPXQLFDWLRQ PRGHOV RI WKH QHJRWLDWL
IRUPXODWLRQ

,QJZHUVHQ SURGXFHG WZR PRGHOV RI GLIITHUHQW
UHWULHYDO WDVN RQH FRQWDLQLQJ WKH IRUPDO VWHS\



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI LQIRUPDWLRC

FRIJQLWLYH PRGHO RI LQIRUPDWLRQ UHWULHYDO 7KLV U
RI LQIRUPDWLRQ QHJRWLDWH ZLWK DQ H[SHUW LQWHUPF
D VHDUFK RQ WKH XVHUfV EHKDOI 7KLV YLHZ RI WKH UH
LQFUHDVHG DFFHVV WR ,5 VIVWHPV KDV IRUFHG WKH XV|
SURFHVV DQG QRZ PRVW VHDUFKHV DUH FRQGXFWHG E\
'DQROZLW] ,QJZHUVHQYTV PRGHOV DUH JHDUHG DUR)

+XPDQ KXPDQ LQWHUDFWLRQ EHWZHHQ D XVHU DQ

+XPDQ FRPSXWHU LQWHUDFWLRQ EHWZHHQ WKH Ol

7KH PRGHOV IRFXV RQ WKH FRPPXQLFDWLRQ EHWZHHQ
SURFHVV 7KH DSSOLFDELOLW\ RI VXFK PRGHOV LQ FXU
VHDUFK SDUWLFLSDQWY DQG WKHLU UROHV KDYH FKDC
IXQGDPHQWDO 10DZ DV WKH XVHUV RULJLQDO LQIRUPDW
LOQFUHDVHG QXPEHU RI DIJHQWYV L H LQIRUPDWLRQ XVHU
V\VWHP WKLV KDV WKH SRWHQWLDO WR LQFUHDVH WKH
EHWZHHQ WKH HQG XVHUV FRQFHSWXDO QHHG DQG WKH
7KH PRGHOV RSHUDWH DW D KLJK OHYHO RI JUDQXODU
PHWKRGV VWUDWHJILHV HIIHFWV RI VA\VWHPV IDFLOLWLH
WKH EHKDYLRXU SURGXFHG

,QJZHUVHQTY PRGHO GHVFULEHV WKH IRUPDO VWHSV LQ
,QIRUPDWLRQ QHHG RI XVHU GHULYLQJ IURP D SUF
7KH IRUPXODWHG LQIRUPDWLRQ QHHG RI WKH XVHI
8VHU OLEUDULDQ QHJRWLDWLRQ
'"HYHORSLQJ WKH VHDUFK SURILOH WRSLF DQDO\V
&KRLFH RI WRROV
IRRNLQJ XS 6\VWHPDWLF RU DOSKDEHWLF
-XGJHPHQWY EDVHG RQ LQGH[ WHUPV
-XGJHPHQWY EDVHG RQ GHVFULSWLRQV DEVWUDF\
(YDOXDWLRQ RI WKH GRFXPHQWYV WKHPVHOYHV

7KH IRUPDO VWHSV DUH EDVHG RQ WKH DFWLYLWLHV SH

H[SHUW LQWHUPHGLDU\ DWWHPSWV WR HOLFLW DQG VDYV

PRGHO IDLOV WR FRQVLGHU WKH HIIHFWV RI GLYHUVLW\



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI LQIRUPDWLR(

LQIRUPDWLRQ DQG WKH GLYHUVLW\ LQ WKH W\SHV RI LQ
WKDW LI WKH VWUXFWXUH RI WKH UHWULHYDO SURFHV\
WKHQ LW ZLOO FRQIRUP WR D IRUPDO VWUXFWXUH IRU

UHTXLULQJ WKH LQIRUPDWLRQ LV XQOLNHO\ WR KDYH EI
EHKDYLRXU LV XQOLNHO\ WR FRQIRUP WR D IRUPDO ,5 D=
H[SHUW LQWHUPHGLDU\ 7KH PRGHO QHHGV WR EH H[W
SRSXODWLRQ DQG WKXV PXVW DGGUHVV WKH FRJQLW
GHYHORSPHQW IRU QRYLFH VHDUFKHUV 7KLV PRGHO

IHHGEDFN ORRSV LQ WKH UHWULHYDO SURFHVV EXW IDL
ZKLFK WKHVH ORRSVY DUH DSSOLFDEOH HJ WKH UHDFWL
DQG UHDFWLYH QDWXUH RI ,5 JHQHUDWHYV D QHHG IRU D
SURFHVVHV ZKLFK RFFXU LQ WKH VHDUFK SURFHVV WR
DFWLRQ DUH WDNHQ 7KH PRGHO QHHGV WR DFFRXQW |
IDFLOLWLHY UHVXOWY IHHGEDFN DQG GLDORJXH RQ WK
SURFHVYV

,QIJZHUVHQTVY FRIQLWLYH PRGHO IRU ,5 IRFXVHV RQ WKH
RQ NQRZOHGJH VWDWHV LQ WKH ,5 SURFHVV EXW IDLC
IDFLOLWDWH WKHVH WUDQVIRUPDWLRQV 7KH LQIRUPDWI
JUDQXODULW\ DQG GRQTW GHWHUPLQH WKH FDXVHV RI |
KLIJK OHYHO RYHUYLHZ RI WKH UHWULHYDO SURFHVV II
VHDUFKHV RU H[SODLQ ,5 EHKDYLRXU RWKHU WKDQ GLU
,QIJZHUVHQTVY FRIQLWLYH PRGHOV IRFXVHV RQ WKH NQR.
WKH FODVVLILFDWLRQ RI NQRZOHGJH VWDWHYV LQ WKH |
'HUU ,QJZHUVHQV PRGHO GRHV QRW DGGUHVV W
XQGHUO\LQJ WKH GLITHUHQW VWDWHYV RI XVHU NQRZOHG
LQ WKH JHQHUDO GHVLJQ RI ,5 VAIVWHPVY EHFDXVH WKH H
JUDQXODULW\ RI XVHU NQRZOHGJH RQ WKH DFWLYLW\ V
HISORUHG DQG EHFDXVH LW PRGHOV WKH FRJQLWLYH EF
HQG XVHU 7KH PRGHO LV WRR JHQHUDO DQG H[SHUW V
ZKLFK WR JHQHUDWH LQWHOOLJHQW ,5 DGYLFH RU GHW
UHTXLUHG 7KH PRGHO GRHVQYW OHQG LWVHOI WR WKH
DQG XVHU VA\VWHP GLDORJXH ZKLFK ZRXOG HQKDQFH XVH
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2Q OLQH UHWULHYDO KHXULVWLFV

+DUWHU DQG 3HWHUYV DWWHPSWHG WR LGHQWLI\ DC
,5 SURFHVV DV PHWKRGY DQG SURFHGXUHV 7KH VHDUF
IROORZLQJ W\SRORJ\

SKLORVRSKLFDO DWWLWXGHY DQG RYHUDOO DSSU
ODQJXDJH RI SUREOHP GHVFULSWLRQ

UHFRUG DQG ILOH VWUXFWXUH

FRQFHSW IRUPXODWLRQ DQG UHIRUPXODWLRQ
UHFDOO DQG SUHFLVLRQ

FRVW HIILFLHQF\

7TKHVH FDWHJRULHYV DUH IXUWKHU GHFRPSRVHG LQWR |
QDWXUH RI KHXULVWLFV WKRVH DVVRFLDWHG ZLWK SKLC
DUH GHVFULEHG DV IROORZV

+H

6WD\ ORRVH EH IOH[LEOH ORRN DW D VHDUFK LQ F
BHUHQGLSLW\ LV LPSRUWDQW IRU HIITHFWLYH UHW!
*RRG VHDUFKLQJ LV KHXULVWLF LQWHUDFWLYH
6HDUFK IRUPXODWLRQV DUH EHVW YLHZHG DV K\SR!
$QWLFLSDWH PHWKRGVY IRU QDUURZLQJ RU EURD
FRQGXFW

6DYH VHDUFK RXWSXW WR DQDO\VH LI SUREOHPV F
%H VFHSWLFDO RI VIVWHPV UHVSRQVHYV

$0ZD\V TXHVWLRQ QX0OO VHWYV

6DPSOH UHWULHYHG FLWDWLRQV EHIRUH SULQWLQ
%URZVH LQWHUPHGLDWH UHVXOWYV RI D VHDUFK W
HHS FXUUHQW ZLWK RQOLQH VHDUFKLQJ OLWHUD
VHUYLFHV DQG GDWDEDVH SURGXFHUYV

%H IDP LOLDU ZLWK \RXU WHUP LQDO

., VHYHUDO SDWKV DUH DYDLODEOH IRU VHDUFKLC
GRPDLQ
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7TKH ZRUN IROORZV RQ IURP %DWHYV VHDUFK WDFWL
7KH UHVHDUFK LV LQWHUHVWLQJ DV LW H[SORUHV VRPH
UHWULHYDO ,W LV UHFRJQLVHG WKDW ,5 KDV D FRPSOH]
D WuLDO DQG HUURU SUREOHP VROYLQJ SURFHVV LQ ZK
QXPEHU RI SRVVLELOLWLHV FRQVLGHUHG %DWHTV UH?®
DSSURSULDWH IRU D YDULHW\ RI SUREOHP VLWXDWLRQ
TXLFNO\ 7KH RQXV RI WKLV UHVHDUFK LV WR PRGLI\ XV
WKH VHDUFK WDFWLFV DQG JHQHUDO UHWULHYDO SUL
SHUIRUPDQFH 7KLV DSSURDFK LV SRVVLEO\ MXVWLILDE(
WUDLQHG PRUH HIIHFWLYHO\ EXW LW LV DQ XQDFFHSWD
7KH IRFXV RI DWWHQWLRQ LI WKH HITHFWLYHQHVV RI L
VKRXOG FRQFHQWUDWH RQ WKH LQWHUIDFH DQG IDFL(
LOQWHUIDFHYVY PXVW SURYLGH DVVLVWDQFH WR D VHDUFKH
D UHWULHYDO H[SHUW ZLWKRXW WKH WUDLQLQJ HIIRUW
VI\VWHP VKRXOG EH GHVLIJQHG WR PDWFK DQG VXSSR!
VWUDWHJILHY D XVHU SHUIRUPV UDWKHU WKDQ DQ DWW
VA\VWHP

OHQWDO PRGHOV RI ,5

% RUJPDQYV ZRUN DLPHG DW HQDEOLQJ VHDUFKHUV
FRPSOHWH PHQWDO PRGHO RI D V\WVWHP 7KLV LPSURY
XQGHUVWDQGLQJ RI WKH GHYLFH FDQ EH XVHG WR LPSU
7KH ZRUN WULHG WR HVWDEOLVK WKDW D VHDUFKHU WU
VI\VWHP ZRXOG RXW SHUIRUP WKRVH WUDLQHG SURFHGX!
DQ\ GLITHUHQFHY EDVHG RQ WKH FRPSOH[LW\ RI WKH W
HI[ISHULPHQWYV VXJIJHVW WKDW QR GLIIHUHQFHV LQ XVHU

EXW WKDW VHDUFKHUV WUDLQHG ZLWK D FRQFHSWXDO P
SURFHGXUDO PRGHO RQ FRPSOH[ WDVNV )XUWKHUPRUH

DFWLRQV DQG V\VWHPV UHVSRQVHV ZHUH VLJQLILFDQW:
ZRUN WULHV WR LPSURYH WKH TXDOLW\ RI WKH VHDUEFK
RQ GLITHUHQW W\SHV RI XVHU HGXFDWLRQ 7KH UHVHDUF
HITHFWLYHQHVYV RI WKH UHWULHYDO SURFHVV LV WR EH
PDWFK EHWZHHQ WKH VA\VWHPY{V IXQFWLRQDOLW\ DQG W
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SURFHVVY S QWHOOLJHQW KHOS LQIRUPDWLRQ SUHVHQ\
VKRXOG WDNH LQWR DFFRXQW WKH GLITHUHQFHV %RUJPI
V\VWHPV LQWHUDFWLRQ DQG LWV UHODWLRQVKLS WR WCLC

+XPDQ LQIRUPDWLRQ VHHNLQJ

SRXVH DQG 5RXVH UHYLHZHG WKH FRQWH[W IDFWRI
EHKDYLRXU 7KH\ UHFRJQLVH WKDW WKH VHDUFK SURFH
GLITHUHQW YDULDEOHYV ZKLFK FDQ HIIHFW WKH PHWKRG\
SDSHU UHYLHZVY PRGHOV RI LQIRUPDWLRQ VHOHFWLRQ Kl
PRGHOV DQG WKHLU IDLOXUH WR UHSUHVHQW WKH LQ
HITHFWLQJ WKH VHDUFK SURFHVV DUH LGHQWLILHG DV

H[SHFWHG YDOXH RI JDPEOHV LQIRUPDWLRQ XSGDWH U]
GLDIJQRVWLFLW\ RI GDWD GLVWULEXWHG FKDUDFWHUL
LQIRUPDWLRQ VRXUFHV 7KH SDSHU LV XVHIXO DV LW KL.
RI WKH VHDUFK SURFHVV PXVW DGGUHVV EXW YLHZV W|
JUDQXODULW\ IDLOLQJ WR EUHDN LW GRZQ LQWR LWV FR

$6.1V LQ ,5

%HONLQ SURGXFHG DQ DFFRXQW RI WKH ,5 SURFHV\
NQRZOHGJH ZKHQ D VHDUFKHU LV RIWHQ IDFHG ZLWK L
LQIRUPDWLRQ QHHG 7KH VHDUFKHU XVHV pDQRPDORXYV '
LQ WKH XQGHUVWDQGLQJ RI WKH SUREOHP VSDFH ZLWK
HI[ISORUHV DQG FODULILHV WKH SUREOHP WKURXJK DQ L
7KH PRGHO FRQVLGHUV WKH VHDUFKLQJ DFWLYLW)\ IRU C
GRHV QRW DGGUHVV WKH FRIJQLWLYH SURFHVVHV XQGI
H[SORUH WKH SUREOHP RU WKH UHODWLRQVKLS EHWZHH
DQG WKH UHWULHYDO EHKDYLRXU REVHUYHG
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%HUU\ SLENLQJ
,QIRUPDWLRQ

JLIXUH %HUU\ SLFNLQJ YLHZ RI WKH VHDUFK SURFHVYV

%DWHYV LOQOWURGXFHG WKH LGHD WKDW WKH VHDUF
IRUZDUG ORFDWLRQ RI WKH UHTXLUHG PDWHULDO 7KH
VHDUFKHUYfV XVH RI WKH VHDUFK VSDFH GXULQJ WKH IF
VHOHFWYV UHOHYDQW LQIRUPDWLRQ IURP WKH LQIRUPDV
SURGXFWLRQ RI PRUH HIITHFWLYH TXHULHV 7KH PRGHO V
WKH FRJQLWLYH ORDG DVVRFLDWHG ZLWK FRPSOH[ ,5
VHDUFKHUVY SURGXFH D UHWULHYDO VHW IURP SDUWLDO
VHDUFK SUREOHP DV D QXPEHU RI VHDUFK JRDOV ZKLFK
7KLV PRYHV DzD\ IURP WKH LGHD WKDW WKH VHDUFKHU |
WKH\ ZDQW DQG KRZ WR ORFDWH LW 7KLV LV LQ WXQH Z
KHOG E\ WKH HQG XVHUV RI UHWULHYDO V\VWHPV 7KH |
EXVK DQG WKH VHDUFKHU IROORZV YDULRXV OLQHV RI C
WKHLU LQIRUPDWLRQ SUREOHP 7KH EHUULHV FDQ EH HL
VHDUFKHU WR IXOILO WKHLU VHDUFK UHTXLUHPHQWYVY 7K
DV SDWKV DUH H[SORUHG DQG VHDUFK VSHFLILF NQRZOH
TXHU\LQJ QRW RQO\ WR ORFDWH WKH DUWLFOHV WKH\ Ul
WDFWLFV WR EH XVHG LQ VXEVHTXHQW TXHULHV ,WHUD)
WR UHFRQFLOH DPELJXLWLHV DQG JDSV LQ WKH VHDUF
IRUPDOLVHG DQG VDWLVILHG WKURXJK LQWHUDFWLRC
DFNQRZOHGJHV WKDW WKH LQIRUPDWLRQ SUREOHP LV Q
VHW EXW FDQ FRQVLVW RI D VHULHV RI VWDJHV LQ D UH!
GLITHUHQW VWUDWHJLHY XVHG DQG WKH REVHUYDEOH DF
7KH PRGHO UDLVHV LQWHUHVWLQJ LVVXHV DVVRFLDWHG
WKH XVH RI VXE JRDOV LQ ,5 ,W FDQ EH DVVXPHG WKDW
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LGHQWLILHG VHDUFKHUV DFWLYLWLHV YDU\ ZLWK XVHU
QRW DGGUHVV WKH FRIJQLWLYH DFWLYLW\ XQGHUO\LQJ W
HITHFWV Rl NQRZOHGJH RQ WKH GLIITHUHQW VHDUFK SUR|
GRHV QRW DFFRXQW IRU WKH HIIHFWV RI WKH V\VWHP
REVHUYHG VHDUFK EHKDYLRXU

,QIRUPDWLRQ VHHNLQJ SURFHVYV

. XOWKDX UHFRJQLVHG WKDW VHDUFKHUV VKDU
LOQOWHUDFWLRQ ZLWK LQIRUPDWLRQ UHWULHYDO V\VWHF
VWDJHV LQLWLDWLRQ VHOHFWLRQ H[SORUDWLRQ IRUF
MLQLWLDWLRQY GHVFULEHV WKH XVHUIV UHFRJQLWLRQ
MVHOHFWLRQY HQDEOHV WKH VHOHFWLRQ RI WKH JHQF
DSSURDFK WR EH SXUVXHG pH[SORUDWLRQY HQDEOHV W
JHQHUDO WRSLF DQG LV XVHG WR D GHYHORS WKH XVFE
UHTXLUHG MRUPXODWLRQY HQDEOHV WKH IRUPDWLRQ
HQFRXQWHUHG LQ pH[SORUDWLRQ §f 7KH pFROOHFWLRQ
LQIRUPDWLRQ UHODWLQJ WR WKH IRFXV WRSLF ZKLOH
VHDUFK WR EH FRPSOHWHG WKH SUREOHP WR EH UHVR
IhLeéLQJv 7KH UHVHDUFK UHFRJQLVHV WKDW WKH VHDUI
OLQHDU GLYLGH DQG FRQTXHU UDWKHU WKDQ VLPSOH T
WKH VLWXDWLRQV LQ ZKLFK WKH GLITHUHQW VWHSV DU
XQGHUO\LQJ REVHUYDEOH DFWLRQV . XOWKDXTV H
EHKDYLRXU LV D PRUH UHFXUVLYH DQG LWHUDWLYH SUR
7KH IDLOXUH WR DGGUHVV WKH XQGHUO\LQJ FRJQLWLYH
PHDQV WKDW WKH PRGHO LV XQDEOH WR VSHFLI\ RU SU|
WKURXJK WKH ,63 VWHSV )XUWKHUPRUH WKH PRGHO GF
W\SHV REVHUYHG LQ ,5 UHVHDUFK EURZVLQJ VXE JRDO
WKH LQIOXHQFH RI WKH VA\VWHP IHDWXUHYV DQG IDFLOLWI
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(OHFWURQLF LQIRUPDWLRQ VHHNLQJ

A '"HIDXOW 7UDQVLWLRQV
Ay+LJK BUREDELOLW\ 7UDQVLWLRQV
/IRZ BUREDELOLW\ 7UDQVLWLRQV

JLIXUH ORGHO RI WKH LQIRUPDWLRQ VHHNLQJ SURFHVYV

ODUFKLRQLQLTV PRGHO RI WKH LQIRUPDWLRQ VHHN
VWHSVY D VHDUFKHU LV EHOLHYHG WR SHUIRUP LQ WKH V
H[SOLFLW D GLVWLQFWLRQ EHWZHHQ WKH GLIIHUHQW D
SRVVLEOH LQWHU UHODWLRQVKLSY 7KH PRGHO VWDUWYV
SUREOHP H[LVWYV DQG WKH DFFHSWDQFH WKDW LW VKRX
SUREOHP DQG WKH GHYHORSPHQW RI DQ XQGHUVWDQGLC
WR FRQVWULFW DQG GHWHUPLQH WKH IRUP DQG VFRSH F
VHDUFK V\VWHP ZLWKLQ ZKLFK UHOHYDQW UHVXOWYV DUH
Rl WKH GRPDLQ DQG SUHYLRXV H[SHULHQFHV ZLWK Wt
IRUPXODWHG E\ PDWFKLQJ WKH FXUUHQW XQGHUVWDQGI
WKH V\VWHP WR EH VHDUFKHG 7KLV PDWFKLQJ LV FRPSR
WKH VA\VWHP DQG WKH XVHUfV YRFDEXODU\ DQG DQ DF
SRVVLEOH DFWLRQV JLYHQ WKH VHDUFK V\VWHP{V OLPL
LOQWR D %YRROHDQ H[SUHVVLRQ G6HDUFK H[HFXWLRQ FRP
7KH H[DPLQDWLRQ RI VHDUFK UHVXOWY LV XVHG WR GH
SURGXFHG PDWFK WKH VROXWLRQ VRXJKW ,QIRUPDWLRC
EDVHG XSRQ LWV FKDUDFWHULVWLFV DQG LWV UHOHYDC
VHDUFKHU ILQDOO\ UHIOHFWV RQ WKH FRPSOHWHQHVV R
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WKH VXEVHTXHQW FRXUVH RI DFWLRQ L H IXUWKHU LWH
RSHUDWHY DW D KLJK OHYHO RI JUDQXODULW\ DQG GRH\
DUH SHUIRUPHG WKHLU GLUHFW LQIOXHQFH RQ WKH EHKk
WR GHWHUPLQH WKH GLITHUHQW URXWHVY WKURXJK WKH |
NQRZOHGJH YDU\LQJ WDVN FKDUDFWHULVWLFV DQG GLI
UHVXOWV UHWULHYHG 7KH PRGHO GRHV QRW FRQVLGHL
DQG NQRZOHGJH GRPDLQ DQG GHYLFH RQ WKH VHDUFK
VXEK DV WDVN FRPSOH[LW\ %RUJPDQ /IDUJH HW DO
NQRZOHGJH XVHG DW WKH GLIIHUHQW VWDJHV LQ WKH V
DQG OLFKHO 7KH PRGHO EUHDNV VHDUFK DFWL
UHFRJQLVHV WKDW WKHUH DUH FRPSOH[ LQWHUDFWLRQ\
SURGXFHG EXW GRHV QRW H[SORUH WKH FRPSOH[ DFWL
SURFHVVHV RU LQWHU UHODWLRQVKLSV ZKLEK PD\ H[LVW
WKH PRGHO LV WKDW LW GRHV QRW DFFRXQW IRU WKH
VWUDWHJILHY DQG SURFHVVHV SHUIRUPHG 7KH HIIHFW
FRQILQHG WR WKH UHVXOWV SURGXFHG EXW PXVW DOVR
SUHVHQW DQG WKH OHYHO RI LQWHUDFWLRQ UHTXLUHG |

'LDORJXH VFULSWV IRU LQIRUPDWLRQ VHHNLQJ

%HONLQ SURSRVHV D OLVW RI LQIRUPDWLRQ VHH
LOQWHUDFWLRQ EHWZHHQ IRXU VLWXDWLRQ GLPHQVLRC
LQWHUDFWLRQ PRGH RI LQWHUDFWLRQ DQG WKH UHYV
LOQWHUDFWLRQ LV FDWHJRULVHG DV VFDQQLQJ IRU LQ\
LQIRUPDWLRQ RU VHDUFKLQJ IRU D NQRZQ LWHP 7KH JF
OHDUQLQJ RU VHOHFWLQJ LWHPV IRU UHWULHYDO 7KH |
WKH VSHFLILFDWLRQ RI WKH LWHPV UHTXLUHG RU UHW
FRQVLGHUHG UHIHU WR WKH LQVSHFWLRQ RI WKH LQIR!
GHVFULELQJ WKH VWUXFWXUH DQG FRQWHQW RI WKH GD
LV FRPSRVHG RI WKH XVHUV VLWXDWLRQ GHVFULEHG LC
HJ D VHDUFK PD\ UHTXLUH D NQRZQ LWHP ZKLFK LV WR
LV DVVRFLDWHG ZLWK DQRWKHU VHDUFK LWHP E\ FRQV X(
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%HONLQ HW DO SURSRVH WKDW VHDUFKHUV XVH VF
DFWLYLWLHVY WR EH SHUIRUPHG DV WKH VHDUFK SURJUH
VWUDWHJILHYV ,66 7KH VHDUFK SURFHVV LV FRPSRVHG
ZKLFK VSHFLI\ WKH DFWLRQV DQG JRDOV ZKLFK PXVW E
FRPSOHWHG 7KH VFULSWV DUH WULJIJHUHG E\ WKH VLW
DV GHILQHG E\ WKH LQIRUPDWLRQ VHHNLQJ VWUDWHJI
LOQOWHUDFWLRQ SDWWHUQV RU SODQV RI TXHU\ GLDORJX'}
LQIRUPDWLRQ WULJJHUV 7KH VFULSWV SURYLGH D VWL
KLHUDUFK\ IRU WKH JRDOV WR EH VDWLVILHG 7KLV DFF
WKH VHDUFKHUVY EHKDYLRXU RU GHFLVLRQ SURFHVV L
VFULSW LV D RSWLPDO GLDORJXH RU SURFHGXUH EDV
%HONLQ KDV FXUUHQWO\ RQO\ VSHFLILHG D VDPSOH RI
,66 DQG DFNQRZOHGJHV WKDW WKH ,66V DQG WKHLU DVYV
YDOLGDWLRQ 7KH XVH RI VFULSWV |IRU WKH LQWHUD
LQIRUPDWLRQ VHWYVY UHWULHYHG EXW DUH XQOLNHO\ WF
VA\VWHPV

(OHPHQWYV RI D FRIQLWLYH WKHRU\ RI ,5

JQJZHUVHQ GLVEXVVHV WKH FRPSRQHQW HOHPHQW
YLHZV ,5 DV WKH FRPPXQLFDWLRQ RI LQIRUPDWLRQ EHW:
KHOG E\ WKH V\WWHP $ XVHUV ZRUOG PRGHO FRQVLVYV
FKDQJHDEOH FRJQLWLYH VWUXFWXUHV ZKLFK FRQWURC
HIWHUQDO LQIRUPDWLRQ &RJQLWLYH VWUXFWXUHV DU}
PD\ FKDQJH EDVHG RQ WKH LQIRUPDWLRQ HQFRXQWHUHC
EDVHG RQ WKH LQIRUPDWLRQ HQFRXQWHUHG LQ UHWULH
UHSUHVHQWDWLRQ WR UHSUHVHQW WKH XVHUTV LQIRUF
DQG GRPDLQ ZRUN WDVN LQ D VWUXFWXUH RI FDXVDOL\
WHFKQLTXHV VKRXOG EH DSSOLHG WR LQIRUPDWLRQ R
YLHZSRLQW UHSUHVHQWDWLRQV 7KH XVHUV FRQWH[W D¢
D PDWUL[ RI LQWULQVLF LQIRUPDWLRQ QHHGV VHH IL.
FDWHJRULHY ZHOO GHILQHG RU LOO GHILQHG VWDEOH
OLQNHG WR WKH FDWHJRULVDWLRQ RI WKH LQIRUPDWLR
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SUHVHQFH RI DQ LQIRUPDWLRQ QHHG DFWV DV D WULJJH
RI OHDUQLQJ DQG UHDFWLRQV WR VHDUFK RXWFRPHV HQ
RI LQIRUPDWLRQ QHHG ,QJZHUVHQ FRQFOXGHV WKDW
LQGLFDWHY DQ DSSUR[LPDWH FODVVLILFDWLRQ DQG Wtk
PD\ RFFXU LQ UHWULHYDO

"HOO GHILQHG@HU®YORRHK, OO GHILQHG
VHDUFK ORRSYV

5LFK YDULDEOH FRJQLWLYH VMMDNVHYDULDEOH FRJQLWLYH VWDWH
L &RQFHSWXDO WKURZQHVV{I&RQFHSWXDO HEUHDNGRZQT

/JLPLWHG XQFHUWDLQW\ +LIJK XQFHUWDLQW\

6WDEOH7RSLFDO UHOHYDQFH DVVHVRBHBEMO UMNOHYDQFH DVVHVVPHQW 1R
&XULRVLW\ ORZ &XULRVLW\ ORZ
&RQILQHG 1DYLIJDWLRQ ODWFKLQJ RQ WKH VSRW GHDG HQGV

5LFK YDULDEOH FRJQLWLYH VRVDNWHYDULDEOH FRJIQLWLYH VWDWH
&RQFHSWXDO PpWKURZQHVVI&RQFHSWXDO HEUHDNGRZQVT
&RQWUROOHG XQFHUWDLQWYLJK XQFHUWDLQW\

ODULDEO®#®KSLFDO UHOHYDQFH DVVHVRSHBEMNO YHNOHYDQFH DVVHVVPHQW 1R
&XULRVLW\ KLJK &XULRVLW\ KLJK

([SORUDWRU\ QDYLJDWLRQ %URZVLQJ

H[WHUQDO EHKDYLRXU
%HUU\ SLFNLQJ

YLIXUH ODWUL[ RI LQWULQVLF LQIRUPDWLRQ QHHGYV

6\WWHP ZRUOG PRGHOV FRQVLVW RI SUH GHILQHG DQG
DOJRULWKPV LQGH[HV WKHVDXUXV ZKLFK PD\ LQWHUDF
HDFK RWKHU 7KH SURFHVVLQJ RI LQIRUPDWLRQ RFFXUV
OHYHO &RPSXWHUV WKXV LQWHUSUHW LQIRUPDWLRQ EL
KXPDQV PD\ IRUP D GHHSHU FRJQLWLYH XQGHUVWDQ¢
LQWHUSUHWDWLRQ RI LQIRUPDWLRQ 3RO\ UHSUHVHQWTE
QXPEHU RI GLIIHUHQW DJHQWY SURGXFH WKH FRPSRQHC
LQGH[HUV WKHVDXUXV FRQVWUXFWRUV LQIRUPDWLRQ
UHWULHYDO HQJLQH GHVLJQHUV (DFK Rl WKHVH DJH
LQIRUPDWLRQ WKURXJK GLIIHUHQW UHSUHVHQWDWLRQV
V\VWHP
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,QJZHUVHQYV PRGHO DGYDQFHV WKH XQGHUVWDQGLQJ R
YLHZ RI WKH LQIRUPDWLRQ QHHG SUREOHP VWDWHV |
UHFRJQLWLRQ WKDW PXOWLSOH FRQWH[W YDULDEOHV L
LQIRUPDWLRQ QHHGYV DQG WKH DFNQRZOHGJHPHQW WKD
LV DQ LPSRUWDQW DQG VLJQLILEFDQW DVSHFW RI WKLV
XVHUVY PRGHO RI WKH ZRUOG DQG WKH V\VWHP{V PRGH(
FRPSOH[ LQWHUDFWLRQV Rl RQH PRGHO RQ WKH RWKHU
QRW H[SORUH KRZ YDULDWLRQV LQ WKH V\WWHPV PRGHC
WKXV WKH VWUDWHILHV XVHG 7KH PRGHO DFNQRZOHC
IHHGEDFN RQ WKH UHIRUPXODWLRQ RI LQIRUPDWLRQ QF
ORZHU OHYHO RI GHWDLO HJ %DWHYV VHDUFK WDF
RQ D FRIJQLWLYH YLHZSRLQW IRU ,5 LQ WHUPV RI WKH C
LQIRUPDWLRQ UHSUHVHQWDWLRQV SUHVHQW LQ UHWULH
XVHU SURFHVV DV LQIRUPDWLRQ LV WUDQVODWHG EHWZ}

7\SHV Rl VHDUFK DFWLYLW\ DQG WDFWLFV L
GHILQLWLRQV

7KH GLIITHUHQW W\SHV RI VHDUFK DFWLYLW\ DUH QRW
EHKDYLRXU SDWWHUQV REVHUYHG FDQ EH D IXQFWLRQ F
RI' ,5 ZKLFK DWWHPSWYV WR VLPXODWH WKH UHWULHYDC
VWUDWHILHV

T 6XE JRDOLQJ GLYLGH DQG FRQTXHU 7TKH VHDUEKI
LQIRUPDWLRQ SDUWYV ZKLFK DUH VROYHG LQGLYLGXDO(
WKHQ ZHT00O JR EDFN WR WKDW EHIRUH EULQJLQJ LW L
EHHQ GHPRQVWUDWHG E\ WKH REVHUYDWLRQ RI EHUU\

f ,QIRUPDWLRQ VHHNLQJ PD\ RFFXU LQ VLWXDWLRQV LC
QHHGY WR EH GHILQHG LQ WKH SURFHVV Rl UHWULHY
VHDUFK WDUJHW LV NQRZQ SHRSOH EURZVH WR DGG F
IRXQG WKDW WKH JRDOV RI D VHDUFK PD\ HPHUJH DV L
VWUDWHJILHY 7KH DEWLYLW\ SHUIRUPHG LV LQIRUPDO
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LQIRUPDWLRQ HQFRXQWHUHG GXULQJ WKH VHDUFK SU|
DEWLYLW\ KDYH HPHUJHG IURP WKH ,5 OLWHUDWXUH
f 'LUHFWHG +HUQHU RU VSHFLILF $SWHG

DEWLYLW\ LV GLUHFWHG E\ D VSHFLILF DQG NQRZC

VIVWHPDWLF DQG IRFXVHG 7KH VHDUFKHU VHOHFV

QDYLJDWH WKH LQIRUPDWLRQ VSDFH VWUXFWXU

LQIRUPDWLRQ

f 6HPL GLUHFWHG DQG SUHGLFWLYH +HUQHU R

EURZVLQJ LQ ZKLFK DFWLYLW\ LV GLUHFWHG |

WKXV WKH QDYLJDWLRQ DFWLYLW\ LV OHVV V\VWH

RI WKLV W\SH Rl EURZVLQJ LV WKH XVH Rl JHQHUD

7KH VHDUFKHU H[SOLFLWO\ FRQVXOWV WKH LQI

IDFLOLWLHVY RI WKH V\VWHP LQ D TXHVW IRU LQIF

ORRN LQ WKH WKHVDXUXV WR VHH LI WKHUH DUH G

VWDWHY WKDW EURZVLQJ LV VHPL VWUXFWXUH

f 8QGLUHFWHG +HUQHU RU JHQHUDO $SWHG

FKDUDFWHULVHG DV KDYLQJ YHU\ OLWWOH IREXV

.ZDVQLN KLIKOLJKWHG WKDW SHRSOH LPSRVH

YHU\ TXLFNO\ DQG WKXV HYHQ FDVXDO EURZVLQJ V

f 'LUHFW TXHU\ FRPSRVLWLRQ DQG UDSLG SURWRW\SLQ
WULHV TXHULHV LQ VXFFHVVLRQ ORRNLQJ IRU WKH RQt
LV VHHQ DV DQ H[SDQVLRQ RU DGDSWDWLRQ RI WKH TX
UHWULHYHG 7KH GLVWLQFWLRQ EHWZHHQ GLUHFW TXF
RFFXUV GXH WR WKH HPSKDVLV SODFHG RQ DFEWLYLWLE
FRPSRVLWLRQ IRFXVHV RQ WKH VROYLQJ RI VHDUFK SU
SURGXFWLRQ Rl PRUH FRPSOHWH DQG ZHOO DUWLEXO
DFWLYLW\ IREXVHV RQ WKH VROYLQJ Rl VHDUFK SURE
VIVWHPV DQG D PYWULDO DQG HUURUY DSSURDFK ZKLFK
DUH DGMXVWHG EDVHG RQ WKH UHVXOWYV

W LV HYLGHQW WKDW PXOWLSOH GLIIHUHQW DSSURDFK
VWUDWHJILHY ZLOO HDFK KDYH VLWXDWLRQV LQ ZKLFK W
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8VHU NQRZOHGJH PD\ HIIHFW WKH W\SH RI VWUDWHJ\ XV
QRYLFHV PD\ WU\ DQG UHGXFH LQWHUDFWLRQ E\ OLPLW
VXEPLWWHG ZKHUHDV H[SHUWYV PD\ SUHIHU WR VSHFLI\ W

([SHUW ,5 VA\VWHPV DV FRPSXWHU LQWHUPHGL
SURFHVYV

ODUFXYV FRQGXFWHG H[SHULPHQWY WR FRPSDUH W
VHDUFK LQWHUPHGLDU\ &211,7 ZLWK KXPDQ VHDUFK LQ
VHDUFKHUV WR TXHU\ PXOWLSOH GLVWULEXWHG GDWDI
UHVXOWY SUHVHQWDWLRQ SURWRFROV WKURXJK D FRPP
WUDQVODWHYV WKH XVHUV UHTXHVWV LQ WKH FRPPRQ |
VI\VWHP LQWR WKH DSSURSULDWH FRPPDQGV QHFHVVDU\
EH XVHG 7KH UHVXOWYV ZHUH LQFRQFOXVLYH DV VRPHWI
KXPDQ LQWHUPHGLDU\ ZHUH VXSHULRU EDVHG RQ PHDYV
+RZHYHU LQ JHQHUDO ZLWK WKH XVH RI WKH FRPSXWHL
VR ZHUH VHVVLRQ WLPHV 7KH FRPSXWHU LQWHUPHGLDU
ZDVQYW DV IRFXVHG DV WKH KXPDQ LQWHUPHGLDU\ ZKF
ODUFXV FRQFOXGHG WKDW DV PRUH FRPSUHKHQVLYH PI
VHDUFKLQJ EHFDPH DYDLODEOH WKDW WKHVH VKRXOC(
LOQWHUPHGLDU\ VAVWHPV WR PDNH WKHP PRUH HIIHFWLYF

O9LNHU\ HW DO GHYHORSHG WKH 3/(;86 V\VWHP DV D
VHDUFK SURFHVV IRU D JDUGHQLQJ GRPDLQ 7KH V\VWF
SUREOHP VWDWHPHQW DSSOLFDEOH WR WUDGLWLRQDC
LQIRUPDO XVHU LQSXW ,I WKH XVHU LQSXW GRHV QRW P
UHTXLUHG WR ORFDWH WKH WHUP ZLWKLQ VHPDQWLF FL
V\VWHP HYDOXDWHY WKH UHVXOWY RI D VHDUFK LQ WHU
UHIRUPXODWHY WKH VWUDWHJ\ DQG TXHU\ DFFRUGLQJO\
XQwWLO LW GHWHUPLQHV WKDW DQ DFFHSWDEOH QXPEH
HIDPSOH LI WRR IHZ UHVXOWY DUH UHWULHYHG WKH V
VXFFHVVLYHO\
GURSSLQJ WHUPV ZLWK JHUR DUWLFOHYV
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GURSSLQJ WHUPV WKDW WKH V\VWHP MXGJHV WR I
LQWURGXFLQJ EURDGHU WHUPV IURP WKH V\VWHP\
GURSSLQJ IXUWKHU WHUPV WR WU\ DQG LGHQWLI\
GDWDEDVH
9LFNHU\ HW DO IRXQG WKDW WKH VSHFLILFLW\ RI XVHU L
JHQHUDO WHUPV XVHG LQ WKH LQGH[ WR WKH GDWDE!
DXWRPDWLFDOO\ DGMXVWLQJ TXHULHV LV GHSHQGHQW
UHSUHVHQWDWLRQ DQG LW ZDV DSSDUHQW WKDW VHDUF
IOH[LELOLW\ UHTXLUHG 7KH V\VWHP EDVHV VHDUFK DP!
DUWLFOHVY UHWULHYHG ZKHUHDV XVHUV DUH OLNHO\ WR
WKH TXDOLW\ RI WKH LQIRUPDWLRQ ZLWKLQ DUWLFOHV
DUWLFOHY 7KH QXPEHU RI UHVXOWY UHTXLUHG LQ DQ\
XVHU DQG WKH W\SH RI LQIRUPDWLRQ QHHG WKH\ KDYH
V\VWHP 7KH WKLUG VWUDWHJ\ LQ WKH H[DPSOH LQGL
LPSRUWDQFH MXGJHPHQWY RQ WHUP LQFOXVLRQ EDVHG
LPSRUWDQFH RI SDUWLFXODU FRQFHSWV WR D QHHG ZLO
LQIRUPDWLRQ LV UHTXLUHG QRW VROHO\ EDVHG RQ D GR

&URIWVT ,5 VIVWHP XVHV H[SHUW V\VWHPV WHFKQL"
VWDWLVWLEFDO UHWULHYDO WHFKQLTXHV DQG EURZVDE
IDFLOLWLHY DQG V\WVWHP H[SHUWV WR DVVLVW LQ WKUF
UHIRUPXODWLRQ VHDUFK DQG XVHU HYDOXDWLRQ 6\VW|
FRQGLWLRQ SDUW DQG D DFWLRQ SDUW )RU H[DPSOH
+ &RQGLWHR®HVW PRGHO FRQWDLQV XQHYDOXDWHG GRF
f $SFWLRBWDLQ XVHU HYDOXDWLRQV RI GREXPHQWYVY DQG
7KH H[SHUWV LPSOHPHQWHG LQ ,5 DUH
8VHU PRGHO EXLOGHU ZKLFK FROOHFWYV LQIRUPDYV
WR EH PDWFKHG DJDLQVW D FDWHJRU\ RI XVHU 7
GHWHUPLQH WKH VW\OH RI LQWHUDFWLRQ VHVVLR
SHTXHVW PRGHO EXLOGHU HQDEOLQJ WKH IRUPDOC
LQIRUPDWLRQ QHHG
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'RPDLQ NQRZOHGJH H[SHUW HQDEOHV WKH LQIHL
WKRVH LQ WKH LQLWLDO TXHU\ EDVHG RQ WKH XV
EDVH

6HDUFK FRQWUROOHU VHOHFWY DQG H[HFXWHYV IR
SUREDELOLVWLF PRGHO DQG FOXVWHULQJ
%URZVLQJ H[SHUW HQDEOHV WKH LQIRUPDO QDY
XVHU

([SODLQHU SURYLGHV H[SODQDWLRQV RI VA\VWHP'
GHPDQGV

*RRG SHUIRUPDQFH ZDV UHSRUWHG ZLWK WKH ,5 V\VW
FRPSXWDWLRQDO UHVRXUFHV DQG FDQ SODFH PRUH GHF
VI\VWHPV &URIW 7KH DLP RI WKH V\VWHP ZDV WR H
GHWDLOHG VSHFLILFDWLRQV RI WKH XVHUTIV LQIRUPLEL
SHUIRUPDQFH 7KH DSSURDFK IROORZHG LQ WKLV V\VWHF
UHFDOO VFRUHV EXW GRPDLQ NQRZOHGJH LV H[SHQVLY}
SRZHU RI VXFK LQWHOOLJHQW TXHU\ UHILQHU V\VWHPYV (
NQRZOHGJH EDVH

7KH 5%$%%,7 VIVWHP SURYLGHV DQ LQWHUIDFH ZKLFK DI
IRUPXODWLRQ RI D TXHU\ :LOOLDPV DQG 7RX 7RX H
UHILQH SDUWLDO GHVFULSWLRQV Rl WKH WDUJHW E\ FUI
WKH TXHU\ GHVFULSWLRQ 7KHVH FULWLTXLQJ DEWLRQV
WKH TXHU\ 5$%%,7 SURYLGHV VL[ FULWLTXLQJ RSWLRQV
f 5(48,5( DGG WKH DWWULEXWH WR WKH TXHU\
f 352+,%,7 DSSOLHV WKH UHODWLYH FRPSOHPHQW
f $/7(51%$7,9(6 VXJIJHVWV D VHULHV Rl DOWHUQDWL"
VHOHFWHG LQWR WKH TXHU\
'(6&5,%( DOORZV WKH UHFXUVLYH VSHFLILFDWLRC
63(&,$/,6( UHILQHV WKH JHQHULF FDWHJRU\ VHO
VHOHFW RQH RU PRUH VXE FRQFHSWYV
f 35(',&$7( DOORZV WKH XVHU WR DSSO\ D SUHGL
DWWULEXWH

+H  ++
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7KH FULWLTXLQJ RSWLRQV GLVSOD\HG GHSHQG RQ WKH
WKH UHVXOWY WR WKH FXUUHQW TXHU\ FKRVHQ WR EH F
JHQHUDO YLHZ RI WKH FXUUHQW VHDUFK FRQWH[W H J C
DXWRPDWLFDOO\ UHIRUPXODWHV WKH TXHU\ EDVHG RQ W
IDFLOLWDWHY DQG DVVLVWYV XVHUV ZLWK RQO\ D YDJXH
XVHUV ZLWK OLPLWHG NQRZOHGJH RI D JLYHQ GDWDEDVEG
5$%%,7 VI\VWHP DQG UHIRUPXODWLRQ FODULILFDWLRQ R
ELEOLRJUDSKLF GDWDEDVHYV

)DFWRUV DIIHFWLQJ LQIRUPDWLRQ UHWULHYD

SUHYLRXV HPSLULFDO VWXGLHV RI VHDUFKHU EHKDYLR
YDULHW\ RI IDFWRUV WKDW DIIHFW SHUIRUPDQFH IRU L(
FDQ DOWHU VHDUFK VWUDWHJILHYV (IWKDQLDGHYV $O
LQIOXHQFHYVY VHDUFK EHKDYLRXU (ONHUWRQ HW DO
FRPSOH[LW\ UHIOHFWHG LQ WKH LQIRUPDWLRQ QHHG

%RUJPDQ /IDUJH HW DO ) XUWKHUPRUH LQIRUPD
DQG WKH XVHUYV PRGHO RI WKH V\VWHP DQG GRPD
$OO0OHQ DQG OLFKHO ZKLOH PRWLYDWLRQ -I

LPSRUWDQFH RI WKH LQIRUPDWLRQ QHHG ,UZLQ HW DO
GXUDWLRQ DQG WKH HIIRUW D XVHU ZLOO HPSOR\ ,Q W
DVVRFLDWHG ZLWK XVHU LQWHUDFWLRQ DUH GLVFXVVHG

(IMTHFW RI NQRZOHGJH RQ WKH LOQWHUDFWLRQ SURFH’

7KH HIIHFWV Rl XVHU NQRZOHGJH RQ WKH TXDOLW\ D¢
REVHUYHG ZDV KLJKOLJKWHG E\ 5DVPXVVHQ DQG ¢
FODVVLILHG WKH LQWHUDFWLRQ UHODWHG NQRZOHGJH
EDVHG UXOH EDVHG RU NQRZOHGJH EDVHG 7KH VSHHG
LQWHUDFW DQG WKH FKRLFHVY EHWZHHQ WKH IDFLOLWLH)
XVHU NQRZOHGJH 6NLOO EDVHG LQWHUDFWLRQ FRQVLV!
SDWWHUQV RI LQWHUDFWLRQ ZKLFK GR QRW QHHG WR E
LQVWDQFH OHYHO H[SHULHQFH RI KRZ WKH GHYLFH VKRX
EDVHG LQWHUDFWLRQ LV GULYHQ E\ SDUWLDOO\ FRPSLO
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DQG DUH FRQVFLRXVO\ DWWHQGHG WRR 7KH XVHU KDV I
KRZ WKH GHYLFH VKRXOG EHKDYH .QRZOHGJH EDVHG LC
VWDWH RI WKH LQWHUIDFH DQG LQWHUDFWLRQ IURP ILL
DWWHQWLRQ IRFXVHV RQ SUREOHP VROYLQJ UDWKHU \
HIWHQW RI WKH HIIHFWV RI LQWHUDFWLRQ UHODWHG
EHKDYLRXU YDULHV EDVHG RQ WKH FRPSOH[LW\ DQG
IXQFWLRQDOLW\ RITHUHG E\ WKH GHYLFH /DQFDVWHU
HW DO IRXQG WKDW IRU ERWK H[SHULHQFHG DQG L
SUREOHPV RFFXU GXH WR LQHIIHFWLYH VHDUFK VWUDWI
VSHFLILF VA\VWHP FRPPDQG ODQJXDJH EXW WKH FRPPDQ
EDUULHU IRU YHU\ LQH[SHULHQFHG XVHUV +RZHYHU ¢
NQRZOHGJH RI WKH GHYLFH HIIHFWHG WKH UHODWLRC
LQIRUPDWLRQ QHHGV 1RYLFH VHDUFKHUV RQO\ XVH |
PXOWLSOH SDUDOOHO VHDUFKHVY UDWKHU WKDQ PRUH FF
UHODWLRQVKLSY ODUWLQ DQG 20GUR\G DQG &LV
H[SHULHQFHG VHDUFKHUV VRPHWLPHYV IDLO WR XVH RE)Y
SXUVXH XVHIXO VWUDWHILHVY 7KLV LQGLFDWHYVY WKDW H°
LI WKH\ DUH WR SHUIRUP HIIHFWLYHO\ DQG FRQVLVWHQW

7\SHV RI NQRZOHGJH LQYROYHG LQ WKH ,5 SURFHVV

7KH NQRZOHGJH D VHDUFKHU UHFUXLWY LQ UHWULHYDO
XVH LQ TXHULHV KDV EHHQ H[WHQVLYHO\ UHVHDUFKHG

OLFKHO 7KH GLIIHULQJ W\SHV OHYHOV DQG °
LPSOLFDWLRQV IRU WKH VWUXFWXUH RI VHDUFK DFWLY
KLIKOLJKWYVY WKDW WKH VXSSRUW SURYLGHG VKRXOG E
FDWHJRULHV RI NQRZOHGJH HIIHFWLQJ DFWLYLW\ DUH
NQRZOHGJH DV GLVFXVVHG E\ $O0OHQ DQG OLFKH

J)LGHO LQ D VWXG\ RI SURIHVVLRQDO VHDUFKHUYV |
UHODWHG WR WKUHH IDFWRUYV
SHTXHVW UHODWHG IDFWRUV VXFK DV VSHFLILF \
QHHG WR EH IRUPDOLVHG RU DUH NH\ WHUPV ZKLFI
WR WKH WRSLF RI WKH VHDUFK DFFRXQWHG IRU
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‘DWDEDVH UHODWHG IDFWRUV 7TKHVH IDFWRUV

IXQFWLRQDOLW\ RI WKH V\VWHP DQG WKXV OLPLW

WHUP WR WKH V\VWHP VXFK DV WKHUH ZDV QR W

VHYHUDO GDWDEDVHY DFFRXQWHG IRU RI GHFL\

6HDUFKHU UHODWHG IDFWRUV VXFK DV LQGLYLGX

RI GHFLVLRQV
J)DFWRUV LQIOXHQFLQJ VHDUFKHUYV SUHIHUHQFH IRU VH

VHDUFKLQJ VW\OHV RI WKH VHDUFKHU

VXEMHFW DUHD

QXPEHU RI GDWDEDVHV SHU VHDUFK

TXDOLW\ DQG DYDLODELOLW\ RI WKHVDXUXV DQG L
, W DSSHDUV WKDW HYHQ ZLWKLQ D JURXS RI H[SHUW VHI
WKH SURJUHVYVY RI WKH VHDUFK LV GHWHUPLQHG E\ NQRZ
GHYLFH NQRZOHGJH 8QIRUWXQDWHO\ WKLV VWXG\ GLGQ
QRYLFH VHDUFKHUV DQG H[SHUW WHUP VHOHFWLRQ PD\
VWUDWHJILHY DQG WDFWLFV QRW MXVW GRPDLQ NQRZOHC(

ORWLYDWLRQ

-DFREVRQ HW DO IRXQG WKH HQMR\PHQW XVHUV DV
LOWHUDFWLRQ RU VHDUFK IDFLOLWLHYV HIIHFWHG PHWKR
WKH PRVW DSSURSULDWH IDFLOLW\ IRU WKH WDVN 7KH
SHUVLVWHQFH RI VHDUFK EHKDYLRXU DQG WKH WDVNV
HITHFWV WKH HYDOXDWLRQ FULWHULD XVHG WR FRPSDL
GHVLUHG LQIRUPDWLRQ IRU H[DPSOH WKH OHYHO RI PR
UHVXOWY VHW EHLQJ PDUJLQDOO\ JUHDWHU WKDQ H[SH
SDWWHUQ RI WKH FRIJQLWLYH WDVNV XQGHUO\LQJ EHKDY
FRPSOHWHQHVYV RI WKH GLITHUHQW VHDUFK DFWLYLWLHV

3D\RIIV FRVWY YDOXH RI LQIRUPDWLRQ DQG WKH FU

7KH HIIHFWV RI WKH XWLOLW\ RI WKH LQIRUPDWLRQ V
KLIKOLJKWHG E\ :HQGW HW DO DQG ,UZLQ HW DO

WKH LQIRUPDWLRQ QHHG RQ WKH VHDUFK SURFHVV LV \
PRQHWDU\ DQG FRIJQLWLYH WKDW VHDUFKHUV DUH ZLOO
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,QIRUPDWLRQ W\SHV DQG WDVN W\SHYV

(ONHUWRQ HW DO IRXQG WKDW WKH LQIRUPDWLRQ
WHFKQLTXHV DQG VWUDWHILHV XVHG 7KH ZRUN KLJKC
LQIRUPDWLRQ VSDFH LQ GHWHUPLQLQJ WKH LQWHUDFV
,QJZHUVHQ LQWURGXFHG D PDWUL[ RI LQWULQVL
XVHG WR GHILQH WKH W\SH RI VWUDWHJ\ XVHG L H VHDL
RI WKH LQIRUPDWLRQ QHHG FDQ HYROYH ZLWKLQ WKH
LQIOXHQFH RQ XVHU EHKDYLRXU L H UHOHYDQFH IHHGEL

7DVN VWUXFWXUH DQG FRPSOH[LW\

7KH VWUXFWXUH H[SUHVVLRQ DQG RUGHU RI WKH LQIRU
I UDPH VHDUFK EHKDYLRXU DV REVHUYHG LQ GHFLVLR
OLWHUDWXUH )JUHQFK

/IDUJH HW DO DQG %YRUJPDQ IRXQG WDVN FRPSQ
PHWKRGV DQG VHDUFK IDFLOLWLHV FKRVHQ W VHHPV
HITHFW WKH OHYHO RI VHDUFK DFWLYLW\ DQG WKH W\SH
ORDG DVVRFLDWHG ZLWK PRUH FRPSOH[ WDVNV /DUJH H'
LQIRUPDWLRQ WDVN DQG V\VWHPV DFFHVV SDWKV WR |
LQIRUPDWLRQ FXHV WR H[WUDFW WKH LQIRUPDWLRQ WK
ZHUH LQ D FRQVWUDLQHG GRPDLQ LQ ZKLFK WKH VWUXF\
WR WKH VWUDWHILHYV ZKLFK VKRXOG EH XVHG

8VHU LQWHQWLRQ

6HDUOH DQG 'HUU VWDWH WKDW D GHVLUH IRU
D UHDVRQ RU XQGHUO\LQJ HLQIRUPDWLRQ SXUSRVHY L H
IRXQG GLITHUHQW XVHU LQWHQWLRQV HJ IDFW UHWUL]
PHWKRGY FKRVHQ WR H[HFXWH D VHDUFK 8VHU LQWHQ
LQIRUPDWLRQ QHHG LV LQLWLDWHG E\ WKH HQG XVHU ¢
DQVZHU DQ HVVD\ TXHVWLRQ DV SDUW RI DFDGHPLF VWX
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3K\ WVLFDO FRQVWUDLQWY DQG XVHU H[SHFWDWLRQV

&DVH IRXQG WKDW SK\VLFDO FKDUDFWHULVWLEV RI
DQG OD\RXW DQG GREXPHQWV SK\VLFDO IRUP H J KI
DUWLFOHV DUH JLYHQ SULRULW\ RYHU WRSLF LQ GHWH
FODVVLILEDWLRQ RI LQIRUPDWLRQ ,PSRUWDQWO\ SK\VLI
UHWULHYDO DV LW SURYLGHV D ULFK VHW Rl YLVXDO DQ
DERXW WKH IRUP RI WKH PDWHULDO WKH\ H[SHFW WR UF
HW DOV ILQGLQJV WKDW WKH VHDUFK SURFHVV D
IXQFWLRQ Rl WKH XVHUV SHUFHSWLRQ RI WKH LQIRUPDW
E\ 6DUDFHYLF DQG .DQWRQTYV ILQGLQJV WKDW WKH
DIIHFWHG E\ WKH XVHUVY SHUFHSWLRQ Rl WKH LQIRUPD!

DQG $00HQ IRXQG WKDW WKH VWUXEFWXUH DQ
GLVSOD\ SOD\V D VLJQLILFDQW UROH LQ D SHUVRQYV SH
RI WDVN RQ WKH UHWULHYDO SURFHVV LQGLEDWHV D QF
DQG WKHLU HIIHFWV RQ LQIRUPDWLRQ UHWULHYDO EHKD

&RIQLWLYH VW\OH

7KH FRJQLWLYH VW\OH RI WKH XVHU PD\ HIIHFW WKH DS
%ULQGOH DQG WKH UHOHYDQFH DVVHVVPHQWYV P
EHOLHYHG WKDW WKHVH HIIHFWV DUH VXSHUVHGHG E\ W
XVHUV NQRZOHGJH

+XPDQ FRPSXWHU LQWHUIDFH GHVLJQ

+XPDQ FRPSXWHU LQWHUIDFH GHVLJQ DLPV WR SURGX
UHTXLUHPHQWY DQG PLQLPLVH WKH HIIRUW DVVRFLDWH
SURILFLHQWO\ 7R WKLV HQG DWWHPSWV DUH PDGH WR
SHUIRUP WKURXJK XVHU FHQWUHG GHVLJQ ,62 1H
FKDUDFWHULVWLFV DQG WKH YDULDELOLW\ LQ WDVNYV
LPSRUWDQW LPSDFW RQ XVDELOLW\ 7KH UHTXLUHPHQW
WR XQGHUVWDQG WKH W\SHV RI XVHUV DQG WDVNV SHUII
VHFWLRQ GLVFXVVHVY OLWHUDWXUH FRQFHUQLQJ XVHU F
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7KLV LV IROORZHG E\ D UHYLHZ RI WDVN FDWHJRULVDW
DQG LWV XVH LQ LQWHUIDFH GHVLJQ

8VHU FODVVLILFDWLRQ DQG XVHU W\SHV

7KH LPSRUWDQFH Rl WKH XVHU DQG WKH W\SHV RI XVH
+DQVHQYV OLVW RI XVHU HQJLQHHULQJ SULQFLSOH"
LQ ZKR GHFODUHG WKDW LQ RUGHU WR VHW DSSUR
WKH FKDUDFWHULVWLFV Rl WKH XVHU SRSXODWLRQ PXV\
D W\SH RU FDWHJRU\ RI XVHU ZDV UH LWHUDWHG E\ )
GHVLJQHUV FDWHJRULVH XVHUV EDVHG RQ WKHLU FKDU
WKHVH FKDUDFWHULVWLFV 7KLV SURPRWHV WKH LGHD
GLIIHUHQW V\VWWHP UHTXLUHPHQWY 1RYLFHV PD\ H[SHQ
RI VIVWHPV EHFDXVH LQWHUDFWLRQ LQYROYHV NQRZOH
KDYH FRPSLOHG SURFHGXUHV IRU VSHFLILF VLWXDWLRQ)\
FRQILUPDWLRQ RI VXFFHVV DQG PRUH VXSSRUW ([SHU\
VXSSRUWLYH XVHU GLDORJXHV GLVWXUE SDWWHUQV RI L
LQWHUDFWLRQ ZLWK WKH V\WVWHPV LQWR SURFHGXUDO
)DXONQHU VIQWKHVLVHG WKH IROORZLQJ JHQHUDO JXLC
QRYLFHV DQG H[SHUWV 7KH IROORZLQJ JXLGHOLQHV G
DVVLVW QRYLFH EHKDYLRXU ZKHUHDV H[SHUWV UHTXLUH
$00 LQLWLDWLYH VKRXOG FRPH IURP WKH FRPSXW
(DFK UHTXLUHG LQSXW VKRXOG EH EULHI
,QSXW SURFHGXUHV VKRXOG EH FRQVLVWHQW ZL
VKRXOG QRW EH IDFHG ZLWK DQ\WKLQJ WKDW VHHP
6SHFLDO WUDLQLQJ VKRXOG QRW EH QHFHVVDU\
$00 V\VWHPV PHVVDJHV VKRXOG EH FOHDU DQG XC
8VHU GHFLVLRQV VKRXOG EH PDGH IURP D VPDOO
8VHUV VKRXOG FRQWURO WKH SDFH RI LQWHUDEWL
8VHU GHFLVLRQ PDNLQJ VKRXOG EH LQ UHVSRQVH
7KHUH VKRXOG EH VXIILFLHQW IHHGEDFN QRYLFH
RQ WKH ULJKW WUDFN
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7KH GHILQLWLRQV RI QRYLFH DQG H[SHUW IRU LQIRUPD
NQRZOHGJH RI WKH WDVN GRPDLQ DQG DSSURSULDWH V
DQG WKH IDFLOLWLHYVY UHTXLUHG DV PXFK DV GHYLFH NQ|

*HQHUDO PRGHOV RI LQWHUDFWLRQ DQG WK

ORGHOV Rl LQIRUPDWLRQ UHWULHYDO %DWHYV oDU

ODUFKLRQLQL ,QJZHUVHQ ZHUH GLVEXVV
+HUH OLWHUDWXUH FRQFHUQHG ZLWK PRGHOOLQJ LQ +
DQG PHWKRGV IRU PRGHOOLQJ LQWHUDFWLRQ FRJQLW
NQRZOHGJH DQG WKH LQIOXHQFH RI WKH WDVN 7KH UHO
JHQHUDO PRGHOV RI FRIQLWLRQ PRGHOV UHSUHVHQWLC
WKH LQWHUDFWLRQ DQG GLDORJXH

7KH JHQHUDO PRGHOV RI FRIJQLWLRQ KLJKOLJKW WKH F
FDXVHV DQG W\SHV RI FRJQLWLYH DFWLYLW\ XQGHUO\L
+XPDQ 3URFHVVRU &DUG HW DO DQG ,QWHUDFWLQJ

7KH ORGHO RI +XPDQ 3URFHVVRU SURYLGHV D VL
LQWHUDFWLRQ 7KH PRGHO LV GLYLGHG LQWR SHUFHSW
FRQVLVWLQJ RI PHPRULHV SURFHVVRUV DQG SULQFLSO
GHSHQGHQW RQ FRQWH[W 7KH SHUFHSWXDO V\VWHP S
H[WHUQDO VRXUFHV WR WKH XVHU ZKLOH WKH PRWRU \
H[WHUQDO ZRUOG 7KHVH WZR V\VWHPV DUH FRQQHFWH}
PRGHOV SUREOHP VROYLQJ EDVHG RQ WKH VHQVRU\ DQG
RXWSXWV GHFLVLRQV FDXVLQJ WKH PRWRU V\VWHP WR F
7KH DUFKLWHFWXUH KLJKOLJKWV WKH QHHG IRU D VWUF
VIVWHP DQG FRJQLWLYH SURFHVVHV LQ XQGHUVWDQGL
6XE VIVWHPV %DUQDUG GHVFULEHV D UHVRXUFHV
IROORZLQJ QLQH FRPSRQHQWYVY DEFERXVWLF ERG\ VWD
PRUSKRQROH[LFDO LPSOLFDWLRQDO SURSRVLWLRQDO I
DOO KDYH WKH VDPH VWUXFWXUH FRPSULVLQJ RI LQS
&RJQLWLYH DFWLYLW\ LV GHVFULEHG DV WKH SURFHVYV
DWWULEXWHV



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI LQIRUPDWLRC

+&, RITHUV WHFKQLTXHVY DQG ODQJXDJHV WR HQDEOH W
QDWXUH RI XVHUV WDVNV DQG JRDOV HJ *RDOV 2SHUDW
DQG &RJIJQLWLYH &RPSOH[LW\ 7KHRU\ .HLUDV DQG
PRGHO SURYLGHV GHVFULSWLRQV RI H[SHUW EHKDYLR:
FRPSRQHQW PRGHO *RDOV GHVFULEH WKH XVHU{fV JREL
DFKLHYH JRDOV PHWKRGV DUH FRPSRVHG RI WKH RSHUI
PHWKRGV WR EH XVHG 7KH FRQFHQWUDWLRQ RQ H[SHI
*206 LV XQVXLWDEOH IRU PRGHOOLQJ WKH ,5 WDVN D)
G\QDPLF &RJIJQLWLYH &RPSOH[LW\ 7KHRU\ .HLUDV DQG
OLNH PRGHOV WR SURYLGH PRUH SUHGLFWLYH SRZHU
XVHUVY JRDOV DQG RI WKH FRPSXWHU V\VWHP 7KH PRGH
XVLQJ UXOHV ZKLFK PD\ ILUH LQ D JLYHQ FRQWH[W 7KF
PDQ\ SObDQV WR EH UHSUHVHQWHG 7KH PRGHO RI WKH |
JHQHUDOLVHG WUDQVLWLRQ QHWZRUNV &&7 LV XVHG
LQWHUIDFH WKURXJK WKH QXPEHU RI SURGXFWLRQ UXOH

%RWK RI WKHVH JRDO KLHUDUFK\ GHVFULSWLRQV SUR(
VWUXFWXUHG JRDOV +RZHYHU WKH PDMRULW\ RI LQIR
UHDFWLYH G\QDPLF DQG DGDSWLYH EDVHG RQ LQIRUPI
SURFHVVY 7KH JRDO KLHUDUFK\ GHVFULSWLRQV GR QRW
VI\VWHPV RXWSXW RQ EHKDYLRXU 7KH LQFOXVLRQ RI WK
WR PRGHOOLQJ RI WKH ,5 WDVN ZKLFK LV IXQGDPHQWDC
SUH RUGDLQHG FRPSOHWH DQG VWUXFWXUHG LQWHUDFYV

)LQDOO\ WR FRQFOXGH WKLV VHFWLRQ WKH PHWKRGV D
DQG LQWHUDFWLYH GLDORJXH DUH GLVFXVVHG 7KH DS
7TDVN $FWLRQ *UDPPDU 3D\QH 3D\QH DQG *UHHQ
6 XFKPDQ DQG 1RUPDQV PRGHO RI LQWHUDFWLRQ

*UDPPDU LV XVHG WR PRGHO WKH XVHUYV LOQOWHUDFWLRC
WKH pFRIJQLWLYH GLIILFXOW\Y RI WKH LQWHUIDFH 7KH

RSHUDWLRQV ZKLFK KDYH WKH VDPH LQWHUDFWLRQ VWL
IRU LQIRUPDWLRQ DOUHDG\ NQRZQ E\ WKH XVHU ZKLFK [



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHV RI LQIRUPDWLRC

XVHU NQRZOHGJH RQ WKH FRPPDQGV XVHG +DUULVRQ
LQDGHTXDWH IRU WKH GHVLJQ RI V\VWHPV EDVHG DUR
LQIRUPDWLRQ UHWULHYDO LV OLPLWHG 6LWXDWHG DFV
UHDFWLYH ULFKHU YLHZ RI XVHU LQWHUDFWLRQ ZKLFK L
VWDWHV WKDW FRQWH[W LV IXQGDPHQWDO WR WKH LQW
LWV LQIRUPDWLRQ FRQWHQW DQG VHWWLQJ GHILQH WK
PHWDSKRU IURP ZKLFK WR YLHZ WKH PRGHOV RI REVHL
VHFWLRQ 7KH ORGHO RI DFWLRQ 1RUPDQ SURSIH
FRPSXWHU DFWLRQ IRUPLQJ WKH JRDO IRUPLQJ WKH
H[HFXWLQJ WKH DFWLRQ SHUFHLYLQJ WKH V\VWHPV V\
HYDOXDWLQJ WKH RXWFRPH 7KH VWDJHV DUH LQFRUS
HYDOXDWLRQ 7KLV LWHUDWLYH F\FOLF DQG G\QDPLF
UHOHYDQW WR LQIRUPDWLRQ UHWULHYDO

6XPPDU\ DQG FRQFOXVLRQV

7KLV FKDSWHU KDV KLJKOLJKWHG WKH FKDQJLQJ QDWXU
WKH UHDVRQV ZK\ SHUIRUPDQFH LV OLNHO\ WR SURJUHYV
WR PDNH UHWULHYDO DFWLYLW\ PRUH HIIHFWLYH DQG
LQIRUPDWLRQ UHVRXUFHV HJ ::: LQFUHDVHV LQ WKH
SRLQWY WKH GLYHUVLILFDWLRQ LQ WKH WDVNV IRU ZK
XVHG DQG WKH UHPRYDO Rl WKH OLEUDULDQ DV WKH LQV
XVHU FHQWUHG V\VWHPV ZKLFK DVVLVW WKH UHWULHYD!
SURFHVV DGGUHVV WKH SUREOHPV LQ ,5 DW D KLJK OHYt
EXW ODFN WKH QHFHVVDU\ SUHFLVLRQ GHWDLO DQG SU|
XVHUVY VWUDWHJ\ 7KH PRGHOV GHVFULEH REVHUYDEOH
IRU XQGHUVWDQGLQJ UHWULHYDO EHKDYLRXU EXW WK
LPSURYLQJ DV WKH\ IDLO WR H[SODLQ DFWLRQ DW SURF
OHYHOV 7KLV PRUH GHWDLOHG YLHZ RI VHDUFK DFWLY
LOQWHUDFWLRQV DQG LWHUDWLRQV LQ WKH VHDUFK SU
UHVWULFWHG YLHZ RI WKH UHWULHYDO WDVN WKDW DV
ZKHUHDV WKLV KDV EHHQ VXSHUVHGHG E\ WKH PRYH
GLYHUVLILEDWLRQ LQ WKH YDULHW\ Rl VLWXDWLRQV LQ
KDV LGHQWLILHG PDQ\ FRQWH[W IDEFWRUV WDFWLFV DQ



5HYLHZ RI XVHU PRGHOV DQG HPSLULFDO VWXGLHYV RI LQIRUPDWLRC

VHDUFK EHKDYLRXU EXW WKH FXUUHQW PRGHOV RI WKH
RI WKHVH VWUDWHJLHY DQG WDFWLFV (PSLULFDO VW)
FRPSOH[ G\QDPLF DQG LQWHUDFWLYH ZLWK PDQ\ YDU
HITHFWLQJ DFWLYLW\ 7KLV OHDGV WR D QHFHVVLW\ IRU
PRGHOV LI EHKDYLRXU LV WR EH SUHGLFWHG DQG WKH
XVHUV DQG WDVNV $WWHPSWV DW UHSODFLQJ H[SHI
LOWHUPHGLDULHY KDYH VKRZQ LPSURYHG UHWULHYDO
XQIRUWXQDWHO\ WKLV LV RIWHQ DW WKH H[SHQVH RI LQ!
7KH H[SHUW LQWHUPHGLDULHV PXVW EH EDVHG XSRQ P
UHWULHYDO SURFHVV DQG D PHGLDWLRQ EHWZHHQ PRC
EHKDYLRXU DQG WKH VHDUFK FRQWH[W 7KLV DOO OHD
FRIQLWLYH PRGHO RI WKH VHDUFK SURFHVV ZKLFK FDQ
W\SHV RI XVHUV WDVNV VHDUFK VWUDWHJLHV DQG V\VW



&KDSWHU

AXDQWLWDWLYH VWXGLHY RI HQG XVHU LQ

7KLY FKDSWHU GHVFULEHVY WKH UHVXOWYV RI VWXGLHV RC
WA\SLFDO FRPPHUFLDO UHWULHYDO V\VWHP



AXDQWLWDWLYH VWXGLHYVY RI HQG XVHU LQIRUPDWLRQ VHHN

&KDSWHU WKUHH 4XDQWLWDWLYH VWXGLF
VHHNLQJ

,QWURGXFWLRQ

$Q HPSLULFDO LQYHVWLIJDWLRQ RI LQIRUPDWLRQ UHWUL
LQ XVHU EHKDYLRXU SHUIRUPDQFH DQG WR LQYHVWLJD
JREXVLQJ RQ SHUIRUPDQFH DQG EHKDYLRXU SDWWHUQYV
UHWULHYDO V\VWHPV LQ HQKDQFLQJ DQG LPSURYLQJ W
WHVWHG 7KH HIIHFWV RI XVHU NQRZOHGJH DQG WD
SHUIRUPDQFH QHHG DUWLFXODWLRQ V\VWHP IDFLOLW
DVVHVVHG E\ DQDO\VLQJ XVHUV EHKDYLRXU ZLWKLQ W
FDWHJRULHV RI XVHUV RQ GLIIHUHQW W\SHV RI ,5 WDVNV

7KLV FKDSWHU GHVFULEHV H[SHULPHQWDO VWXGLHV R
DFWLYLWLHYV IRU LQIRUPDWLRQ UHWULHYDO VHVVLRQV
o('/,1¢( 7KH FKDSWHU LV RUJDQLVHG DV IROORZV VF
HI[ISHULPHQWDO GHVLJQ DQG WKH DQDO\WLF PHWKRG 7
SHUIRUPDQFH UHVXOWYV ZKLFK FRYHUV UHFDOO SUHFL
FRQFOXGHV ZLWK DQDO\VLV RI TXHU\ FRQVWUXFWLRQ
XVHG 8VHU SHUFHSWLRQV RI WKH XVDELOLW\ RI WKH L
DUH GLVFXVVHG LQ VHFWLRQ IRXU 7KH LPSOLFDWLRQ\
LPSURYHG XQGHUVWDQGLQJ RI WKH ,5 SURFHVV DQG WK
WKHLU GHVLJQ DUH GLVFXVVHG LQ VHFWLRQ ILYH

([SHULPHQWDO OHWKRG

([SHULPHQWDO GHVLJQ

6HYHQWHHQ PHGLFDO VWXGHQWYV WKLUWHHQ PDOHV DC

ZKR ZHUH WKUHH PRQWKYV DZD\ IURP WKHLU FOLQLFD
WKH H[SHULPHQWY 7KH VXEMHFWY H[SHULHQFH LQ WK
V\VWHP ZDV DVVHVVHG E\ D SUH WHVW TXHVWLRQQDLUF
ZHUH XVHG WR FDWHJRULVH VXEMHFWY SURILOH RI GF
DOORFDWH LQGLYLGXDOV LQWR HLWKHU D JURXS ZKR



AXDQWLWDWLYH VWXGLHV RI HQG XVHU LQIRUPDWLRQ VHHN

o('/,1( H[SHUWV RU QRYLFHV 7KUHH SLORW VXEMHFWYV
WKH wuLDOV ZHUH VWDUWHG WR UHILQH WKH PHGLFDO
WR WHVW WKH H[SHULPHQWDO SURFHGXUH

$00 VXEMHFWV ZHUH JLYHQ WKH IROORZLQJ VHDUFK V
LQGHSHQGHQW PHGLFDO H[SHUW

3OHDVH XVH WKH 0('/,1( GDWDEDVH WR LQYHVWLJDWH
LQFUHDVHG IDLOXUH UDWHYV RS HVK R HRQW DOF RQW N FRR-GS
30HDVH XWLOLVH WKH 0('/,1( GDWDEDVH WR FRPSDL
SHUIRUPHG LQ SODQQHG DQG HPHUJHQF\ VLWXDWLRQYV
DQG IRHWDO VDIHW\ LQIHFWLRQ FRQWBSROLPHQWDLO/ W
WDVN FRGH 2*

8VLQJ WKH 0('/,1( GDWDEDVH SOHDVH DVVHVV WKH LP¢
DQG OLSLG SURILOH LQ WKH FDXVH RI P\RFDUGLDO LQ
([SHULPHQWDO WDVN FRGH 3+,

8WLOLVH WKH GDWDEDVH WR GHWHUPLQH VRPH DUHDYV
ZLWKLQ WKH 1+6 VLQFH WKH LQWURGXFPMUR®HQWBOPI
WDVN FRGH 3+

7KH YHUVLRQ RI WKH O0('/,1( V\VWHP XVHG IRU WKH HI!

'LQGRZV UXQQLQJ RQ D SHUVRQDO FRPSXWHU XVLQ.
ILIXUH IRU WKH TXHU\ LQWHUIDEH

o('/,1( LV WKH FRS\ULJKW RI WKH 8 6 1DWLRQDO /LEUDU\ RI OHGLFL



AXDQWLWDWLYH VWXGLHYVY RI HQG XVHU LQIRUPDWLRQ VHHN

6HDUFK WH[W HQWU\ DUHD

ODUN DUW&RKORVYH VFUHHQ YLHZ RI WKH GQWWWWNMFUHHQ
DV UHOHYDGWG6HDUFK ,QGH[ 7KHVDXUXV

(QWAHKWH VD XBXWHQ
HUIRUP D 6HDUFK

&RPSXWHU 6XJJHVWYV WHU
ZKLFK PD\ \LHOG EHWWHU
UHVXOWY WKDQ WKRVH HC

UHYLRXV VHDUFK VWUDW

6KRZV DUWLFOHY UHOHYD!
WKH VWUDWHJI\ VHOHFWHC

/ILPLWV WKH VHDUFK VWUD
VHOHFWHG WR D VSHFLILF
JURXS HJ <HDU

(GLW WKH VWUDWHJ\ VHOF
&OHDU VHDUFK KLVWRU\ O

1XPEHU RI DUWLFOHYV
PDWFKLQJ \RXU VWUDWHJ

$UWLFOHYVY 5HWULHYHG

9LHZ $UWLFOHV XVLQJ WKI
IXOO VFUHHQ

7THUPV KLW 9LHZ DEVWUDFW&G WHUP
VHOHFWRUV RQ 211 KLIKOLIJKWHG
LQ D DUWLFOH WR
WKH VHDUFK

JLIXUH 'LQ63,56 VHDUFK LQWHUIDFH IRU 0('/,1( VKRZL
UHVXOWYV

KHQ TXHVWLRQHG DIWHU WKH H[SHULPHQW WKH VXEM
VLPLODU LQ VW\OH DQG FRPSOH[LW\ WR RQHV WKH\ ZRX(
6 XEMHFWY KDG DFFHVV WR WKH WDVNV WKURXJKRXW W
FRXOG UHFRUG LQIRUPDWLRQ DV WKH\ VHDUFKHG (DFK
WKH\ KDG UHSRUWHG WKDW WKH SUHFHGLQJ WDVN KD(
VXEMHFWY QRWHV SK\WLFDO DFWLRQV VHDUFK VWUDW
DQG VHDUFK KLVWRU\ ZHUH UHFRUGHG 7KH SUHVHQWI



4XDOQWLWDWLYH VWXGLHY RI HQG XVHU LQIRUPDWLRQ VHHN

FRXQWHUDFW DQ\ OHDUQLQJ HIIHFWV $W WKH HQG RI W
WR UDWH WKH SHUFHLYHG GLIILFXOW\ RI HDFK RI WKH W

7R HQVXUH D KLJK DQG XQLIRUP OHYHO RI GHYLFH NQRZ
VXEMHFWY ZLWK H[SHULHQFH XVLQJ O0('/,1( ZHUH JLYHC
LQIRUPDWLRQ UHWULHYDO V\VWHP 7KH V\VWHP IDFLO
SURGXFWLRQ RI VWUDWHJILHYVY ZHUH H[SODLQHG LQ D W)X
GHPRQVWUDWLRQ 7KH GHPRQVWUDWLRQ WRSLF ZDV OHLEL
IURP WKH GRPDLQ RI WKH H[SHULPHQWDO WDVNV 1RYLF
UHTXHVWHG WR WKLQN DORXG GXULQJ WKH H[SHULPHC
DVVRFLDWHG SK\VLFDO DFWLRQV ZHUH UHFRUGHG RQ
DGGUHVVHYVY WKH TXDQWLWDWLYH GDWD IURP WKH XVHU\
WR DVFHUWDLQ WKH H[WHQW RI DQ\ SUREOHPV WKH XV
LOQWHUIDFHV

‘DWD DQDO\VLYV

3HUIRUPDQWEHH SHUIRUPDQFH PHDVXUHY ZHUH FDOFXODW
f 5HFDOO WKH SURSRUWLRQ RI GRFXPHQWY PDUNF
DQ\ WLPH GXULQJ WKH VHVVLRQ DV D SHUFHQWD
GDWDEDVH DV FRQWDLQHG LQ D JROG VWDQGDUG \
f 3UHFLVLRQ WKH SURSRUWLRQ RI WKH GRFXPHQW
DOVR MXGJHG WR EH UHOHYDQW E\ DQ LQGHSHQGH*
UHFRUGY UHWULHYHG DQG PDUNHG DV UHOHYDQW
ZDV FDOFXODWHG IURP WKH GREXPHQWYVY WKH VXEN
RYHUDOO QXPEHU UHWULHYHG GXULQJ TXHU\LQJ
f 6HDUFK WLPHV WKH WRWDO WLPH VSHQW VHDU
UHFRUGY 7KHVH WLPHV ZHUH H[WUDFWHG IURP W
VIVWHP WKH VWDWH RI WKH VI\VWHP LQWHUIDFH D¢

SHFDOO SHUIRUPDQFH VFRUHV ZHUH FDOFXODWHG DV D
VROXWLRQ V\QWKHVLVHG IURP DOO WKH VXEMHFWVY
FROODERUDWLRQ EHWZHHQ LQGHSHQGHQW GRPDLQ HJ:
VSHFLDOLVW 7ZR LQGHSHQGHQW PHGLFDO H[SHUWV ZH



4XDQWLWDWLYH VWXGLHY RI HQG XVHU LQIRUPDWLRQ VHHN

UHOHYDQFH WR WKH WDVN VFHQDULRYV 'LITHUHQFHYV EH)\
ZHUH GLVFXVVHG DQG DQ DJUHHG FOXVWHU RI UHOHY|
UHDVVHVVPHQW RI DUWLFOH UHOHYDQFH IRU WKH DUWLI
H[SHUWLVH LQ WKH PHGLFDO GRPDLQ ZDV SHUIRUPHG \
IURP WKH UHFDOO GDWD DV VRPH VXEMHFWYVY VHOHFWH
ZLWKRXW DVVHVVLQJ WKH DUWLFOHV IRU UHOHYDQFH

4XHU\ FRQVWHKFWXERRQHFWY TXHULHV ZHUH DQDO\VHG

K\SRWKHVLV
%YHWWHU SHUIRUPHUV ZLOO FRQVWUXFW EHWWHU
QXPEHU RI GLITIHUHQW WHUPV XVHG WKH QXPEHU
VWDQGDUG DQG WKH QXPEHU RI LQFRUUHFW WHUP\
%YHWWHU SHUIRUPHUYV ZLOO EH PRUH GLOLJHQW LC
QXPEHU RI TXHU\ LWHUDWLRQV SHU WDVN DQG WRYV
%YHWWHU SHUIRUPHUV ZLOO XVH ULFKHU TXHULF
UHTXLUHG 7KLV LV PHDVXUHG E\ WKH UDQJH RI1 TX
FRPSOH[ %RROHDQ TXHU\ VIQWD]

6WUDWHIJLMV LXVKSBSRWKHVLVHG WKDW EHWWHU SHUIRUP
VHDUFK VWUDWHJLHY DV UHSRUWHG LQ WKH OLWHUDW?
7KH VXEMHFWVY VHDUFK KLVWRULHV DQG WLPLQJ GDW
VWUDWHJI\ W\SHVY HPSOR\HG

6\VWHPV IDFLONWVHMSRMIKGHVLVHG WKDW WKH XVH RI FHI
DVVLVW XVHUV LQ REWDLQLQJ EHWWHU SHUIRUPDQFH 7
PRVW SRSXODU IDFLOLWLHY DQG ZKLFK VHHPHG WR DLG

SHVXOWYV

6HDUFK SHUIRUPDQFH

7TDEOH VKRZV UHFDOO DQG SUHFLVLRQ UHVXOWYV RI
VXEMHFWYV IDLOHG WR UHWULHYH PXFK UHOHYDQW LQI

ZKHQ FRPSDUHG WR WKH JROG VWDQGDUG 7KH JRC
VLQJOH VHDUFK ZLWKRXW DQ\ HYDOXDWLRQ DQG JDYH D



4XDQWLWDWLYH VWXGLHY RI HQG XVHU LQIRUPDWLRQ VHHN

UHOHYDQW DUWLFOHV SRVVLEOH GHPRQVWUDWLQJ WKD
FRXOG EH DFFHVVHG LI WKH QHHG ZDV DUWLFXODWHG
DYHUDJH EHWWHU UHFDOO WKDQ QRYLFHV EXW VRPH Q
VFRUHVY VHH WDEOH

6 XEMHFW 2% 2* 3+ 3+
([SHUWV5HFDOGBUHFLVLRGFDOBUHFLVLRBFDOBUHFLVLEBFDOBUHFLVLRQ

+ o+ + o+ o+ o+ o+ o+ o+

OHDOQ +

1RYLFHYV

—~— — — -~ -

OHDQ /

*ROG

VWDQGDUG

TXHU\

5HOHYDQW

UHFRUGVUHFRUGYV UHFRUGYV UHFRUGYV UHFRUGYV
DYDLODEOH

7EOH $QDO\WLYV RI UHFDOO DQG SUHFLVLRQ SHUIRUPD

7KH RQO\ VLIJQLILFDQW GLIIHUHQFH LQ UHFDOO EHWZHHC

0DQQ :KLWQH\ 8 ZKHQ QRYLFHV RXW SHUIRUPHG
LPPHGLDWHO\ DSSDUHQW UHDVRQ IRU WKH SHUIRUPDQF|
WDVN DORQH QRYLFHV VSHQW ORQJHU RQ D UHWULHYDO
Rl WLPH VSHQW HYDOXDWLQJ DUWLFOHV ZDV PXFK KLJ

,Q 3+, UHFDOO ZDV SRVLWLYHO\ FRUUHODWHG 6S
SHUFHSWLRQ RI WDVN GLIILEXOW\ S WRWDO WLP
HYDOXDWLQJ S ,Q 3+, LW DSSHDUV WKDW VHDUFK!
DPRXQW RI WLPH VSHQW LQ WKH UHWULHYDO SURFHVV
UHZDUGVY LQ WHUPV RI LPSURYHG UHFDOO &RUUHODW
VLIQLILFDQW



AXDQWLWDWLYH VWXGLHYVY RI HQG XVHU LQIRUPDWLRQ VHHN

JULHGPDQ V DQG / 3DJHV QRQ SDUDPHWULF $129% WH
VLPLODULWLHY RFFXUUHG LQ WKH UDQNLQJ RI VHDU
JULHGPDQYV WHVW HVWDEOLVKHV LI D VLIJQLILFDQW LQ
HI[ILVWV IRU WKH WDVNV ZKLOH / 3DJH V WHVW GHWHUP
H[SHUWV KDG VLJQLILFDQWO\ VLPLODU UDQNLQJ RI WKH
RI 3+ 3+, 2* 2% S W DSSHDUV WKDW WKLYV .
KHDOWK 3+ WDVNV PRUH GLIILFXOW WKDQ WKH REVWHYV
UHFDOO UDQNLQJ IRU WKH WDVNV DJUHHG ZLWK RXU LQ
WDVNVY GLIILFXOW\ 3+ KDUGHU WKDQ 3+, DQG 2* KD
VXEMHFWY H[KLELWHG QR VLJQLILFDQW UDQNLQJ RI UHF
WKDW WKH\ IRXQG DOO TXHVWLRQV WR EH HTXDOO\ GLIIL

7TKHUH ZHUH QR LQWHU JURXS GLIITHUHQFHV LQ DQ\ RI WK
8 7KLV LV QRW VXUSULVLQJ JLYHQ ERWK JURXSV KDG
GRPDLQ DQG WKXV WKH\ KDG WKH VDPH DELOLW\ WR VHC
QHHG IURP WKH UHVXOWV VHWV 3UHFLVLRQ VFRUHV IR
TXHU\ ZHUH ORZHU IRU WDVN 2*%* SRVVLEO\ GXH WR W
FRQGLWLRQV ZKLFK FRPSOLFDWHG WKH EDVLF TXHU\ RQ

$V WKH SHUIRUPDQFH UHVXOWYV ZHUH LQFRQFOXVLYH W
UHWULHYDO VHVVLRQ TXHU\LQJ DQG HYDOXDWLQJ UHV.
7LPH TXHU\LQJ DQG HYDOXDWLQJ UHVXOWYV ZHUH H[WUL
DFWLRQV RQ WKH LQWHUIDFH ,W DSSHDUV WKH PDMRUL
WLPH VHDUFKLQJ DQG HYDOXDWLQJ LUUHVSHEWLYH RI
GLIIHUHQFHV IRU UHWULHYDO WLPH RYHUDOO RU HYDO
ORQJHU HYDOXDWLQJ UHVXOWYV WKDQ H[SHUWV H[SHU\
H[SHUWV VSHQW ORQJHU RQ WKH ZKROH UHWULHYDO VH

QRYLFHYV PLOQXWHV 6LJQLILFDQW GLIIHUHQFH)\
IRU WKH WLPH VSHQW TXHU\LQJ RQ WKH WZR PRUH GLIIL

3+ S DQG H[SHUWV VSHQW VXEVWDQWLDOO\
DYHUDJH WLPH TXHU\LQJ SHU VHVVLRQ H[SHUW =3
BHDUFK WLPHV E\ WDVN GLG QRW UHIOHFW H[SHFWHG



AXDQWLWDWLYH VWXGLHV RI HQG XVHU LQIRUPDWLRQ VHHN

DYHUDJH UHWULHYDO WLPH PLOQXWHV IROORZHG E\
PLQXWHV DQG 3+ PLQXWHYV

2*0 2% 3+, 3+ 7TRWDOV
6 XEMHFW

7RWDO 5HFDOO 7RWDO 5HFDOO 7RWDO 5HFDOO 7RWDO 5HFDOOOHDQ OHDQ OHDQ
6HDUFK WLPH 6HDUFKWLPH 6HDUFKWLPH 6HDUFKWLPH 7RWDO 5HFDOO
HYDO PLQI HYDO PLQI HYDO PLQ[ HYDO PLQI 6HDUFK WLPH

HYDO PLQI

HDQ /

SOBXEMHFW
PHDQ

7TDEOH 7LPH VSHQW VHDUFKLQJ DQG HYDOXDWLQJ DQG
WDVNV 7KH VXEMHFWYVY VSHQGLQJ JUHDWHU WKDQ R
DUWLFOHY DUH VKDGHG

2Q WKH ZKROH WKH WLPH VSHQW VHDUFKLQJ ZHUH VLPL
DUH RFFDVLRQDO DQRPDOLHV EXW WKHVH DUH WR EH H]J
WKHLU zZD\ GXULQJ D VHDUFK RU HQFRXQWHULQJ WDVN '\
WKH WRWDO UHWULHYDO WLPH VSHQW VHDUFKLQJ WR H
GLIIHUHQFHV RQ WKH SXEOLF KHDOWK WDVNV 0DQQ :KL
([SHUWV VSHQW D JUHDWHU SURSRUWLRQ RI D UHWULFE
1RYLFHV JHQHUDOO\ VHHPHG WR FRQFHQWUDWH PRUH F
IRUPXODWLRQ DV VKRZQ E\ WKH SURSRUWLRQ RI WLPH
QRYLFHV VSHQW RU PRUH RI WKHLU WRWDO UHWULF
UHWULHYDO WDVNV DSDUW IURP / RQ WDVN 2* 7TKH Q
PRUH RI WKHLU WRWDO WLPH RQ HYDOXDWLRQ IRU DOO
2% ([SHUWV ZHUH OHVV FRQVLVWHQW + + +
HYDOXDWLRQ EXW QRW RQ DOO WDVNV W DSSH
FRPSHQVDWH IRU WKHLU ODFN RI VHDUFK VWUDWHJ\ RU
DUWLFOH HYDOXDWLRQ



AXDQWLWDWLYH VWXGLHYVY RI HQG XVHU LQIRUPDWLRQ VHHN

JXUWKHU LQYHVWLJDWLRQV VKRZHG D FRUUHODWLRQ
FKDUDFWHULVWLFY 7KH UDWLR RI WLPH VSHQW TXHU
SRVLWLYHO\ FRUUHODWHG ZLWK WKH FRPSOH[LW\ RI >
6SHDUPDQV UDQN 2* S 2* S 3+, S 3+ S
SURSRUWLRQ RI WKH WRWDO WLPH VSHQW RQ TXHU\LQ.
PRUH FRPSOH]

4XHU\ FRQVWUXFWLRQ

$v DQ LQLWLDO DWWHPSW WR HVWDEOLVK LI WKH QHHG\
GLITHUHG WKH QXPEHU RI GLIITHUHQW WHUPV XVHG ZH
RYHUYLHZ RI WKH XVH RI TXHU\ WHUPV 7KHUH ZHUH QR
UHFDOO SHUIRUPDQFH DQG HLWKHU RI WKH TXHU\ FRQVYV
RI GLITHUHQW WHUPV XVHG WHUPV VKDUHG ZLWK WKH
ZHUH QRW VKDUHG ZLWK WKH JROG VWDQGDUG 2Q DYHU
LQ WKH TXHULHV VXEPLWWHG WHUPV WKDQ QRYLFH
KDG HTXLYDOHQW GRPDLQ NQRZOHGJH 7KHUH ZDV D VLJ
DQRQG QRYLFHV IRU WKH QXPEHU RI GLIITHUHQW WHUPV X
FRPSOH[ WDVNV H[SHUWV XVHG D! QXPEHU RI WHUPV W]
S ODQQ :KLWQH\ 8 7KLV UHVXOW VXSSRUWV WKH D
QRYLFH DQG H[SHUW XVHUV UHTXLUH GLIIHULQJ WDVN \
FRPSHQVDWH IRU GLIITHUHQFHV LQ WKH QXPEHU RI WHU
+RZHYHU WKH WRWDO QXPEHU RI WHUPV XVHG E\ HDFK J
IRU DOO WDVNV DOWKRXJK LQGLYLGXDOV GLG VKRZ D FI
XVHG SHU WDVN [/ 3DJHTV WHVW 3+ 3+, 2* 2% 3
LQGLFDWHYV LQGLYLGXDO VHDUFKHUfVY UHDFWLRQV WR
VLPLODU DQG WKH\ DGMXVWHG WKH QXPEHU RI WHUPV
QHHG EDVHG RQ WKHVH FKDUDFWHULVWLFV



AXDQWLWDWLYH VWXGLHVY RI HQG XVHU LQIRUPDWLRQ VHHN

6XEMHFWMWUFHQWDJH RI WHHIPAFHRWDEI H R | WKKHE H B ORA 5HFDOO
GXULQJ UHWULHYDWRGEPUGLDYXHWBLWHUPMQW WHUPYV
LQ WKH JROG VWDXQWEDUG TXHU\ XVHG
OHDQ 5DQJH OHDQ 5DQJH OHDQ ©5DQJH OHDQ 5DQJH
([SHUWV

o4+ o+ + A+ o+ o+ o+ o+ 4

OHDQ +

QRYLFHV

—~—~ -~ - -~ - -

07H[|§|:Q0/H 4XHU\ WHUP XVDJH IRU ERWK JURXSV VXPPHG
FROXPQV JLYH WKH WHUPV XVHG E\ WKH VXEMHFW WKDW
D RI DOO WKH WHUPV WKH\ XVHG FROXPQV JLYH WK
JROG VWDQGDUG DV D RI WKH WRWDO JROG VWDQGDUG
7KH SURSRUWLRQ RI WKH WHUPV XVHG IURP WKH JROG
DYHUDJH QRYLFHYV DQG VLJQLILFDQW LQWHU
RQ WKH SXEOLF KHDOWK WDVNV H[SHUWYVY KDYH D JUHDYV
WKDQ QRYLFHV 3+, S 3+ S 0DQQ :KLWQH\
SHUFHQWDJH RI WHUPV XVHG E\ PRVW VXEMHFWV WKDW
KLIK ! DSDUW IURP + + DQG / ([SHUWV HJ
FRPSRQHQWV Rl WKH RULJLQDO QHHG VWDWHPHQW LQ 1
IURP WKH VA\VWHPTV WKHVDXUXV RU IURP WKHLU NQRZO!
WDVN HOHPHQWY H[SORUHG QRYLFHV RI WDVN HOHP
UHILQHG ZLWK VXE WHUPV 2Q DYHUDJH H[SHUWV SURGC

SHU WDVN WKDQ QRYLFHV DYHUDJH RI SHU WDV
DQG WKH WHUPV XVHG WKDW ZHUH VKDUHG ZLWK WKH JF
2% S 2% 'S 3+, S 3+ S 6SHDUPDQ |
FRUUHODWLRQ 6LJQLILFDQW FRUUHODWLRQV ZHUH IR



AXDQWLWDWLYH VWXGLHVY RI HQG XVHU LQIRUPDWLRQ VHHN

VHDUFKHUVY DGGHG WR TXHULHV DQG WKH QXPEHU RI TX
3+, S 3+ S VR SURORQJHG TXHU\LQJ DO
ULFKHU DQG PRUH FRPSOHWH TXHULHV

7KH %RROHDQ RSHUDWRUV pu$1'Y u259 ui1($57 u,17 pi:
H[SUHVV SUREOHP UHODWLRQVKLSY DUH PDUNHGO\ GLI
1IRYLFHV FRQVLVWHQWO\ RQO\ XVHG %RROHDQ p$1'f UF
PRUH FRPSOH[ %RROHDQ V\QWD[ 7KLV FRQILUPV WKH IL
ODUFKLRQLQL WKDW IRU QRYLFH VHDUFKHUV WKH
FRPPRQO\ DQG XVHUV VXEPLWWHG PXOWLSOH SDUDOOI
UHODWLRQVKLSY 7KLV PD\ SURYLGH VRPH RI WKH UH
VXFFHVVLYH WHUP VXEVWLWXWLRQ VWUDWHJILHV E\ QRY|

4XHU\ SDWWHUQ DQDO\VLYV

4XHU\ ORJV ZHUH DQDO\WHG E\ FRXQWLQJ WKH QXPEHU
ZKR SURGXFHG |HZ LWHUDWLRQV DYHUDJH

LWHUDWLRQV TXHU\ LWHUDWLRQV DQG DVVHVVLQJ TX
DYHUDJH WHUPV RU KLJK ! WHUPV EDVHG RQ WKH
SHU TXHU\ 7KLV DQDO\WLV GHPRQVWUDWHYV WKH GLIIHL
DQG H[SHUWV VHH WDEOH 7TKHUH ZHUH QR VLJQLIL
SHUIRUPDQFH DQG WKH QXPEHU RI TXHU\ LWHUDWLRC
GHPRQVWUDWH GLIIHUHQFHVY EHWZHHQ QRYLFH DQG H[SF
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4XHU\ LWHUDWLRQV OD[LPXP WHUPV TXHU\
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"HLIKWHG
7TRWDO

7DEOH 4XHU\ LWHUDWLRQV DQG WKHLU FRPSOH[LW\ IRU C
DQDO\VHG E\ WDVN 7KH VSDWLDO GLVWULEXWLRQ UHIOH
2* 3+ PLGGOH ORFDWLRQV 3+ ULJKW KDQG VLGH 7KH
WR DFFRXQW IRU GLIIHUHQFHV LQ WKH QXPEHU RI VXEMH
7KH GLVWULEXWLRQ RI TXHU\ LWHUDWLRQV IRU WKH H|
QRYLFHV SHUIRUPHG IHZHU LWHUDWLRQV RYHUDOO DQG
SDWWHUQ LV PRUH VWULNLQJ IRU TXHU\ FRPSOH[LW\
DSSDUHQW 0DQQ :KLWQH\ 2* S 2% S 3+, S

([SHUWV WHQGHG WR XVH PRGHUDWH WR FRPSOH[ TXHUL
TXHULHV VLPSOH :KHQ LQGLYLGXDO GLIIHUHQFHV DUH +
$PRQJ WKH H[SHUWV IRXU VXEMHFWV WHQGHG WR XVH D
TXHULHV + 7KH\ VKDUHG WKLV SDWWHUQ ZLWK WKH C
FKDUDFWHULVHG DV XVLQJ D KLJK QXPEHU RI LWHUDWL
DOWKRXJK + ZDV OHVV FRQVLVWHQW RQ WKH KLJK QXPI

+, VKRZHG D KLJK QXPEHU RI LWHUDWLRQV ZLWK XOWUD



AXDQWLWDWLYH VWXGLHVY RI HQG XVHU LQIRUPDWLRQ VHHN

,QIRUPDWLRQ VHDUFKLQJ VWUDWHJILHYV

4XHU\ ORJV ZHUH DQDO\WHG WR KLJKOLJKW SDWWHUQ\
$QDO\WLV FRQFHQWUDWHG RQ F\FOHV RI QDUURZLQJ

VXEVWLWXWLRQ DV LOOXVWUDWHG LQ WDEOH $ V.
VXFFHVVLYH WHUP VXEVWLWXWLRQ LI WKH TXHULHV XV
UHODWLQJ WR D SDUWLFXODU FRQFHSW LV VXFFHVVLYFH
VXEPLWWHG $ VXEMHFW ZDV GHWHUPLQHG WR EH XVLC(
SURJUHVVLYH VHDUFK QDUURZLQJ RFFXUUHG 2EVHUYDYV
PDGH LI PRUH VSHFLILF WHUPV ZHUH XVHG FRQVWUDLQV
DGGHG XVLQJ %YRROHDQ pu$1'f1 FODXVHV RU %RROHDQ UHC(
ZHUH DOWHUHG LQGLFDWLQJ QDUURZLQJ HJ VXEVWLW
ZDV GHWHUPLQHG WR EH XVLQJ EURDGHQLQJ F\FOHV L
HISDQVLRQ RFFXUUHG 2EVHUYDWLRQV RI SURJUHVVLYH
JHQHUDO WHUPV ZHUH XVHG FRQVWUDLQWYV ZHUH UHOL
%RROHDQ p259 FODXVHV RU %YRROHDQ UHODWLRQVKLSV
LQGLFDWLQJ EURDGHQLQJ HJ VXEVWLWXWLQJ pl($5¢9
DERDO\VLVY DVVHVVPHQWY ZHUH PDGH DV WR ZKHWKHU D
Rl wuLDO DQG HUURU RU FRXOG EH FKDUDFWHULVHG D
GHWHUPLQHG WR EH IDYRXULQJ HYDOXDWLRQ VWUDWHIJLI
WRWDO UHWULHYDO WLPH RQ WKH XQLQWHUUXSWHG HY
DFWLYLW\ $ VXEMHFW zZzDV GHWHUPLQHG WR EH XVLQJ V
FKDUDFWHULVHG DV KDYLQJ DSSDUHQW ORJLF MXPSV DV
LI D VXEMHFW ZDV WR VXEPLW P\RFDUGLDO LQIDUFWLRQ
TXHU\ VXEPLW EORRG JOXFRVH DQG OLSLGV WKHQ WKH\
DQG HUURU RU VXE JRDOLQJ DV WKHUH LV QR GLUHFW (
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6WUDWHJ\ W\SHV

I1DUURZI9QURDGHQ&AREBFHVVLYH WIBOXDWLRIQDO DQG HUURU

F\FOH F\FOH VXEVWLWXWDMMIWVDWHJI\
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7TRWDO

7DEOH 6WUDWHJI\ W\SHV XV HG® \E U VEXGER GWKHI B VWS [

RUGR* OHIW KDQG VLGH 2* 3+, PLGGOH ORFDWLRQV :
WRWDOV IRU QRYLFHYVY DUH ZHLJKWHG WR DFFRXQW IRU C
WKH QRYLFH JURXS

2YHUDOO DERXW KDOI RI WKH H[SHUW VXEMHFWY DGRS!
WDVNV WKH PRUH FRQVLVWHQW VXEMHFWYVY EHLQJ +,

DSSDUHQWO\ HIIHFWLYH VWUDWHJ\ WKHVH VXEMHFWYV GL
WKDW DOWKRXJK WKHUH PD\ EH DQ pPH[SHUWY EHKDYLR
QHFHVVDULO\ DOZD\V VXFFHVVIXO $QRWKHU SRLQW WR
FRQVXOWHG WKH V\VWHP WKHVDXUXV DQG WKDW GRL
SHUIRUPDQFH VHH WDEOH ORVW VXEMHFWY IROORZ
VHDUFKHUV FRQFHQWUDWHG RQ F\FOHV RI QDUURZLQJ
IDYRXUHG D WULDO DQG HUURU DSSURDFK E\ VXEVWLW)
UHDVRQDEOH VHDUFK UHVXOWY DUH SURGXFHG +RZHYH
IRU H[DPSOH H[SHUWYV + GLG QRW XVH TXHU\ EURDGHC
VW\OHVY DQG VHDUFK VWUDWHJILHV 1RYLFHV PDGH XVH
HISHUWV W LV QRWLFHDEOH DOO WKH QRYLFHV XVHG H
WDVNV 3+, 3+ DQG DOO EXW RQH RI WKH VXEMHFWYV

+RZHYHU WKLV ZDV QRW REVHUYHG LQ WDVN 2* SRVVL



AXDQWLWDWLYH VWXGLHVY RI HQG XVHU LQWRUPDWLRQ VHH

ULFKHU TXHU\ UHSUHVHQWDWLRQ ,Q WDVN 2* FRPSOH]
QRYLFH VXEMHFWY EHKDYLRXU DOWKRXJK LWHUDWLYH T
WZR RI ZKRP IROORZHG D QDUURZLQJ VWUDWHI\ DQG V
VXEVWLWXWHG WHUPV LQ TXHULHV DOWKRXJK QRYLFH)
WKDQ H[SHUWYVY 6XE JRDOLQJ WR EUHDN D FRPSOH[ QHFE
ERWK JURXSV KRZHYHU LW ZDV OHVV FRPPRQ IRU 3+,
3+ D GLIILFXOW WDVN

7R IXUWKHU LQYHVWLIJDWH XVHU VWUDWHJILHV WKH TX
VXPPDULVHG LQ WDEOH 7KH WDEOH VKRZV WKH QXPE]I
WKH DYHUDJH GXUDWLRQ RI ERXWV RI VHDUFKLQJ DQG H

6XEMHFWMXPEHU RI YHPDEGXKDWIYR@DJIJH GXUDWLRQ $RHUDWHBUFK GXUDWLRQ R |
ERXWYV ERXWYV PLQXWHYV HYDOXDWLRQ ERXWV PLQXWHYV
([SHUWW =* 2 * 3+, 3+ 2% 2% 3+, 3+ 2 * 2% 3+, 3+

+ o+ + o+ + o+ o+ o+ o+ o+

OHDQ +

1RYLFHYV

—~ — — — — — -

OHDQ

7TEOH $SFWLYLW\ WUDQVLWLRQ GDWD IRU WKH IRXU H[

7TDEOH VKRZV WKDW H[SHUWV DSSHDU WR FKDQJH E
DFWLYLW\ PDQ\ PRUH WLPHV WKDQ QRYLFHV LUUHVSHFW
OHVVY PDUNHG RQ WDVN 3+, 7KH ERXWV RI VHDUFKLQJ
DSSHDU WR EH ORQJHU WKDQ WKRVH RI QRYLFHV ZKHUH
WKH EHKDYLRXU RI QRYLFHV WHQG WR EH PXFK ORQJH
QXPEHU RI WUDQVLWLRQV EHWZHHQ VHDUFKLQJ DQG HY



4XDQWLWDWLYH VWXGLHY RI HQG XVHU LQIRUPDWLRQ VHHN

3 ODQQ :KLWQH\ 8 H[SHUWV SURGXFH D JUHDWHU
QRYLFHYV DQG RQ 3+ GLIIHUHQFHV LQ WKH DYHUDJH G
DUH VLIQLILFDQW 3 HISHUWV KDYH ORQJHU ERXWV R

7TKH VHTXHQFH DQG VWUXFWXUH RI ERXWV RI VHDUFKLQJ
VHDUFKHUYVY DUH VXPPDULVHG DV IROORZV VHH DSSHQ
1RYLFHV WHQG WR IROORZ HYDOXDWLRQ EDVHG VWUDWF
QXPEHU RI VHDUFKLQJ ERXWV LQWHUVSHUVHG ZLWK ORQ
HISHUWV LV PRUH FRPSOLFDWHG 6XEMHFWYV +, + DQG
HYDOXDWH VWUDWHJ\ RQ WDVNV 2* 2* DQG 3+ EXW +,
EDVHG VWUDWHJ\ RQ WDVN 3+, ,Q JHQHUDO VXEMHFWV
HYDOXDWLRQ EDVHG VWUDWHJIJLHY RQ DOO WDVNV WKH |
+ RQ 3+, bQG + RQ 2* ZKHUH PL[HG VWUDWHJILHV DUH

$QDO\WLV RI TXHU\ SDWWHUQV KLJKOLJKWLQJ VWU

7KH SDWWHUQV REVHUYHG LQ WKH TXHU\ KLVWRULHV ZH
VXEMHFWY DFFRUGLQJ WR WKH FKDUDFWHULVWLFV RI WI
DQERDO\VLYV JURXSHG WKH DFWLYLW\ RI HDFK RI WKH VXE
SDWWHUQV RI TXHU\ DFWLYLW\

7KH SDWWHUQ WKDW UHSUHVHQWY WKH ILUVW VLPSOH 7
VLPSOH TXHULHV PDQ\ LWHUDWLRQV LV VKRZQ LQ ILJX
D QRYLFH JURXS VXEMHFW [/, ZKR DFKLHYHG UHDVRQI
2* ZLWK IHZ LWHUDWLRQV DQG VLPSOH TXHULHV 7KHL
VWUDWHIJ\ VXFK DV QDUURZLQJ WKH TXHU\ E\ DGGLQJ PR
LOQVWHDG WKLV JURXS VHHP WR WDFNOH WKH SUREOHP
VKRZHG WKH VDPH TXHU\ SDWWHUQ EXW ZLWK PRUH LWF
3+, VHH $SSHQGL[ G RI DOO VHDUFKHUV TXHU\ KLVWRUL

SHTXHVW 1R 1XPEHU RI UHFRUGY UHWUUKHNGE
25%/ &2175$&(37,9(6 $1' )$,/85(
25%$/ &2175$&(37,9( $1' 62&,2 (&2120,&
&2175%$&(37,9( 3,// $1' 62&,$/
25%$/ &2175$&(37,9(6 $1' (&2120,&6

JLIXUH 4XHU\ ORJ IRU D QRYLFH VHDUFKHU /, ZKR SHL
ZHUH VLPSOH RQ WDVN 2*



AXDQWLWDWLYH VWXGLHVY RI HQG XVHU LQIRUPDWLRQ VHHN

7KH WKLUG JURXS ZHUH H[SHUW VXEMHFWYV ZKR VXEPLW
ZLWK IHZ LWHUDWLRQV $ W\SLFDO H[DPSOH LV + IRU
VXFFHVVIXO LQ DFKLHYLQJ UHFDOO ILJXUH 7KH
QDUURZLQJ XVH RI DOWHUQDWLYH WHUPVY DQG FRQVXOV

5HTXHVW 1R 1XPEHU RI UHFRUGY UHWBHAXHGW

(/(&7,9( DQG (0(5*(1&< DQG &$(6$5,$1 6(&7,21
(/(&7,9( DQG (0(5*(1&< DQG &$(6$5($1 6(&7,21
&$(6$5($1 6(&7,21 $1' ,1)(&7,21

DQG (1*/,6+ LQ /$
H[SORGH &(6$5($1 6(&7,21 DGYHUVH HIIHFWV HFRQRPLFYV
VWDWLVWLFY DQG QXPHULFDO GDWD

DQG (1*/,6+ LQ /$

DQG (/(&7,9(

DQG (0(5*(1&<

DQG &267

DQG ()).&,(1&<

JLIXUH 4XHU\ ORJ IRUVBDIDQRKHRH + ZKR SHUIRUPHG
PRGHUBRMMSXOHWH TXHULHV EXW ZLWK IHZ LWHUDWLRQV
UH XVH RI D SUHYLRXV TXHU\

)LEQDOO\ WKH SDWWHUQ IRU JURXS HISHUWV ZKR VXEI
LWHUDWLRQV LV LOOXVWUDWHG LQ ILIJXUH E\ VXEMF
WKUHH F\FOHV RI QDUURZLQJ XVH RI DOWHUQDWLYH

RSHUDWRUV DOWKRXJK WKLV RQO\ DFKLHYHG D PRGHUD

S5HTXHVW 1R 1XPEHU RI UHFRUGY UHWBHHAXHGW
&/1,1,88/ $8',7
&1,1,&%/ $8',7
&1,1,&%/ $8',7

DQG 1+6
1$7,218/ +($/7+ 6(59,&(
DQG
))&, (1&<
DQG
DQG
())& (1&<
187,218/ +($/7+ 6(59,8&(
1+6
DQG
RU
DQG
DQG
0(',&$/ $8',7
DQG
DQG $8',7
"0, &, (1&<
DQG 0(',&$/
DQG $8',7

) L IXH 4XHU\ ORJ IRU D QRYLFH VHDUFKHU + ZKR SHL
PDQ\ LWHUDWLRQV RQ WDVN 3+
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$QDO\WLV RI HISHUWVY VWUDWHJILHV

7TKH SDWWHUQV SURGXFHG E\ H[SHUWV ZHUH LQYHVWLJLC
WKH WDVNV +, ZDV D pVXSHU H[SHUWY LQ WHUPV RI D
FRPSOH[ TXHULHV ZLWK PDQ\ LWHUDWLRQV EXW DFKLH®
DSSURDFK SURYHG UHDVRQDEO\ VXFFHVVIXO IRU 2*
EXW DFKLHYHG SRRU SHUIRUPDQFH RQ WKH RWKHU WD
S3RVVLEOH FDXVHV RI WKHVH SHUIRUPDQFH GLIITHUHQFHYV
LQ WHUPV RI TXHU\ LWHUDWLRQV DQG WKHLU FRPSOHI[L\
,Q 2* WKLV VXEMHFW VSHQW D JUHDWHU SURSRUWLRQ F
WKDQ RQ WKH RWKHU WKUHH WDVNV WKLV VXEMHFWY{V I
ODUJH QXPEHU RI WHUPV IRU 2* PD\ KDYH FDXVHG WKL
HYDOXDWLRQ RI UHVXOWYV 2Q WDVN 3+ WKH VXEMHFW \
VHVVLRQ FRPSDUHG WR WKH RWKHU WDVNYV PLQ DJD
PLQ DQG VR KH PD\ KDYH MXVW JLYHQ XS + XVHG FRPS
RQ WKH ILUVW WDVN WKHQ UHYHUWHG WR D QRYLFH JU
TXHULHV IRU WKH ODVW WKUHH WDVNV ZLWK UHDVRQDEC
2% UHFDOO DQG 3+ UHFDOO *RRG FKRLFH RI
DFFRXQW IRU WKLV VXEMHFWY{V VXFFHVV RQ 2* DQG 3+
FKRLFH RI WHUPV VHHPV WR KDYH FDXVHG WKH SRRU S
TXHU\ KLVWRU\ VKRZHG WKDW RI WKH TXHULHV VXE
DUWLFOHYVY VHH DSSHQGL[ E IRU TXHU\ KLVWRU\ + FR
LWHUDWLRQV EXW VSHQW PRUH WLPH HYDOXDWLQJ WKF
ZLWK UHDVRQDEOH VXFFHVV UHFDOO 2* 2% 3+
VDPH VWUDWHJ\ ZDV IROORZHG ZLWK PRUH LWHUDWLRQ
WLPH VSHQW HYDOXDWLQJ FRPSDUHG WR WKLV VXEMHF
HYDOXDWLQJ DQG WKLV DFKLHYHG D SRRU UHVXOW ©6XE
RQ DOO WDVNV DQG RQO\ DFKLHYHG D JRRG SHUIRUPDC
LWHUDWLRQV DQG D ORQJHU HYDOXDWLRQ WLPH ,Q FRC
2* DQG 3+ EXW DFKLHYHG JRRG UHVXOWV RQO\ RQ
UHVSHFWLYHO\ HYHQ WKRXJK PRUH WLPH ZDV VSHQW F
GXUDWLRQ ZDV ORQJHU IRU 3+ /RQJHU HYDOXDWLRQ W
LWHUDWLRQV PD\ DFFRXQW IRU D EHWWHU VFRUH RQ WD
SDWWHUQ ZLWKRXW WKH ORQJHU HYDOXDWLRQ WLPH LQ



4 XDQWLWDWLYH VWXGLHV RI HQG XVHU LQIRUPDWLRQ VHHN

D QRYLFH VWUDWHJ\ IRU WDVNYV 2* UHFDOO 3+, DQ
ODWWHU WZR &RPSOH[ TXHULHV PRUH LWHUDWLRQV D
UHDVRQDEOH VXFFHVV RQ 2* UHFDOO + ZDV RQH

ZKR IROORZHG D SDWWHUQ RI FRPSOH[ TXHULHV ZLWK
EURDGHQLQJ ZLWK PDQ\ LWHUDWLRQV 7KLV ZRUNHG ZH

UHFDOO EXW QRW IRU WKH 3+ WDVNV RQ ZKLFK KH
UHVXOWYVY + ZDV VLPLODU EXW ZDV RQO\ VXFFHVVIXO
K\EULG JURXS HISHUW ZKR XVHG D FRPSOH[ VWUDWF

VXFFHVV UHFDOO DQG VLPSOHU VWUDWHJILHV RQ W]
UHVXOWYV IRU 2* UHFDOO DQG 3+, UHFDOO )LQI
H[ISHUW SDWWHUQ KRZHYHU RQFH DJDLQ WKH VWUDWH
DQG 2* UHFDOO EXW QRW IRU WKH 3+ WDVNV LQ =z

HYDOXDWLQJ

$QDO\WLY RI QRYLFHVY VWUDWHJILHV

1RYLFHV ZHUH PRUH FRQVLVWHQW LQ WKHLU VWUDWHJLI
SDWWHUQ RI VLPSOH TXHULHV IHZ WR PRGHUDWH LWHU
H[SHUWV ZLWK UHDVRQDEOH VXFFHVV RQ WDVN 2* L
SRRU UHVXOWYV RQ 3+, DQG 3+ W ZDV QRWLFHDEOH W
WLPH ZDV VSHQW HYDOXDWLQJ UHVXOWYV LQ WKH 3+ WD)\
/| XVHG PDQ\ LWHUDWLRQV ZLWK VRPH HYLGHQFH RI QD
3+, DFKLHYLQJ JRRG VFRUHYV UHFDOO DQG UHFDO(
SURSRUWLRQ RI WKH UHWULHYDO WLPH VSHQW TXHU\LQ
ORZHU WKDQ RQ WKH VXFFHVVIXO WDVNYV RI WKH 'V
SDWWHUQ IRU WDVN 2* DQG 2* EXW ZLWK SRRU UHVXO
XVLQJ VLPSOH TXHULHV ZLWK LWHUDWLRQV WR DFKL

UHFDOO DQG 3+ UHFDOO (YDOXDWLRQ WLPH PD'
3+ LW VHHPV WKDW FKRLFH RI FRUUHFW NH\ZRUGV UHV>
EHKDYHG FRQVLVWHQWO\ ZLWK D QRYLFH VHDUFKLQJ SD
WKURXJKRXW EXW DOVR VSHQW OHVV WLPH HYDOXDW
HYDOXDWHG IRU D JRRG SURSRUWLRQ RI WKH WLPH WKU
VFRUHG ZHOO RQ 2* UHFDOO ZKHQ FKRLFH RI FRU
PDGH WKH GLIIHUHQFH G6XEMHFW / FDPH FORVH WR WKI



AXDQWLWDWLYH VWXGLHVY RI HQG XVHU LQIRUPDWLRQ VHHN

ORQJHU HYDOXDWLQJ UHVXOWYV EXW ZDV RQO\ VXFFHVVI
FKRLFH RI WHUPV DQG F\FOHV RI QDUURZLQJ DSSHDU WI
VKRZHG D VLPLODU SDWWHUQ ZLWK ORQJ HYDOXDWLR
VWUDWHILHY ZKLFK EURXJKW UHDVRQDEOH UHZDUGV RQ
2% UHFDOO 3+ UHFDOO 6KRUWHU UHWULHYDO
UHVXOWHG LQ SRRU SHUIRUPDQFH *HQHUDOO\ QRYLFHV
WDVNYV

$W WKH WDVN OHYHO VRPH GLIIHUHQFHYVY LQ SHUIRUPDQF
DQG VWUDWHILHY DOWKRXJK WKHVH FRXOG QRW EH WH'

7TDVN 2* 5HFDOO PHDQV H[SHUWYV QRYLFHV
JRU H[SHUWV WKHUH VHHPV WR KDYH EHHQ WZR URXWHYV

JRRG H[SHUW SHUIRUPHUV WZR +, DQG + XVHG ORQ.
LWHUDWLRQV D ODUJH QXPEHU RI WHUPV LQ TXHU\ H[S
JROG VWDQGDUG VROXWLRQ 7KH RWKHU JURXS RI JRRG
VKRZHG SRRU TXHU\ TXDOLW\ DQG WHUP DUWLFXODWLR
UHWULHYDO VHVVLRQ HYDOXDWLQJ UHVXOWYV DQG VR FL
VXEFHVV 7KH ILQDO H[SHUW ZKR SHUIRUPHG ZHOO + K
QRW H[FHO LQ DQ\ RI WKH PHDVXUHV VR WKLV VXEMHEW
IRU E\ JRRG FKRLFH RI WHUPV 7KH SRRU SHUIRUPLQJ H|
IDLOXUH + IROORZHG D UHDVRQDEOH SDWWHUQ RI UHW
VSHQG DQ DGHTXDWH SURSRUWLRQ RI WKH UHWULHYDO
WLPH DQG WHUP FKRLFH ZDV SRRU + RQ WKH RWKHU
WHUP DUWLEXODWLRQ VFRUHV 'LVWLQJXLVKLQJ UHDVF
QRYLFHV LV D OLWWOH KDUGHU GXH WR WKH VLPLODULYV
WZR QRYLFHV ZLWK UHODWLYHO\ JRRG SHUIRUPDQFH /
LWHUDWLRQV WKDQ RWKHU QRYLFHV EXW DSDUW IURP V
QRYLFH VXEMHEWYV H[KLELWHG SRRU TXHU\ TXDOLW\ DQC
WKLV WDVN ORQJHU HYDOXDWLRQ WLPH DQG LWHUDWL
VXEFHVV 8QIRUWXQDWHO\ WKHVH DUH QRW UHOLDEOH
ZLWK PDQ\ TXHU\ LWHUDWLRQV EXW SRRU WHUP FKRLFH
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7DVN 2* 5HFDOO PHDQV ([SHUWYV QRYLFHV
7TKH WZR JRRG H[SHUW SHUIRUPHUV FRQVWUXFWHG F

LWHUDWLRQV DQG HYDOXDWLRQ WLPH ZHUH QRW H[FHSV
EHFDXVH KH VSHQW PRUH WLPH HYDOXDWLQJ DUWLFOHYV
KRZHYHU WKDW ZDV QRW VR IRU VXEMHFW + 2QH VXF
UHFDOO KDG D KLJK QXPEHU RI LWHUDWLRQV DQG D KLJ
GLG QRW

7KH PDMRULW\ RI SRRU SHUIRUPHUYVY DOO VXIIHUHG IURI
HLWKHU LQDSSURSULDWH WHUPV RU LQFRUUHFW WHUF
KRZHYHU WKH SRRU TXHU\ TXDOLW\ ZDV QRW DOZD\V
LQGLFDWRUYV 7KH RWKHU VXEMHFW SHUIRUPLQJ SRRUO\
XVLQJ D ZLGH YDULHW\ RI WHUPV EXW VHHPV WR KDYH
WHUPV ZKLFK ZHUH QRW LQ WKH JROG VWDQGDUG DQC
SURSRUWLRQ RI WKH UHWULHYDO VHVVLRQ HYDOXDWLQ.
WKH WDVN DYHUDJH IRU H[SHUWYV RI RU WKLV VXEMH]I
WDVNYV

6L[ H[SHUWVY SHUIRUPDQFH ZDV UHODWLYHO\ JRRG +D(
DQG + HIKLELWHG SRRU TXHU\ FRQVWUXFWLRQ DQG D!
KDYH EHHQ DEOH WR FRPSHQVDWH IRU WKLV E\ VSHQGLC
VHVVLRQ HYDOXDWLQJ UHVXOWY 7KH UHPDLQGHU RI WE
H[KLELWHG FKDUDFWHULVWLFVY DVVRFLDWHG ZLWK PRU
WLPHVY DQG KLJK QXPEHUV RI GLITHUHQW WHUPV LQ T
SHUIRUPLQJ H[SHUWV + VKRZHG SRRU FRYHUDJH RI WKI
JROG VWDQGDUG WHUPV XVHG DQG XVHG IHZ WHUPV 1
WHUPV DQG +, VHHPHG WR IL[DWH WRR PXFK RQ TXHU\L
WLPH DW WKH H[SHQVH RI FDUHIXO HYDOXDWLRQ $JDL
GLITHUHQFHY RQ WKLV WDVN DUH OHVV HDV\ WR VSRW E.
H[SODLQHG DV IROORZVY |/ VHHPHG WR EH VXFFHVVIXO
XVHG LQ TXHU\ DUWLFXODWLRQ DQG / fV VXFFHVV LV DW
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7DVN 3+, 5HFDOO PHDQV HISHUWYV QRYLFHYV
SHUIRUPDQFH IRU WKLV WDVN ZDV SRRU DQG QRYLFHV R

WZR QRYLFH VXEMHFWYV FDQ UHDOO\ EH FRQVLGHUHG WHR
WKH WRS IRXU QRYLFH SHUIRUPHUV / DQG / VSHQW PF
DSSHDUV WR EH DQ DOWHUQDWLYH VWUDWHJ\ IRU HIIH
H[SHUWV XVHG D KLJK LWHUDWLRQ VWUDWHJ\ +, ORQJ
ZKLOH WKH QRYLFHV XVHG KLJK HYDOXDWLRQ WLPH DQG
/ +RZHYHU WKH EHVW RYHUDOO SHUIRUPDQFH E\ / Z
DQG UHODWLYHO\ SRRU TXHULHV ,Q WKLV FDVH LW VH
SHUIRUPDQFH WKH VXEMHFW KDG RQO\ WR FKRRVH D IHZ
WKH UHWULHYDO VHVVLRQ HYDOXDWLQJ DUWLFOHYV

SHFDOO VXFFHVV ZDV FRUUHODWHG WR WKH WLPH VSHQ
RI WKH WKUHH H[SHUWV ZKR SHUIRUPHG UHODWLYHO\ Z
WLPHV KLJK TXHU\ LWHUDWLRQV DQG JRRG VFRUHV RQ
RWKHU KDQG XVHG FRPSOH[ DQG ZHOO DUWLFXODWHG T
RI WKH WKUHH SRRUO\ SHUIRUPLQJ H[SHUWV + DQG +
LWHUDWLRQV DQG SRRU TXHU\ DUWLFXODWLRQV + QH
SRRU UHFDOO SHUIRUPDQFH 7KH IRXU QRYLFHV ZKR DW
VFRUHVY DOO KDG ORQJHU UHWULHYDO WLPHV DQG VS
HYDOXDWLQJ DUWLFOHYV

7DVN 3+ 5HFDOO PHDQV H[SHUWYV QRYLFHV
7KH HIIHFW RI VWUDWHJLHV PD\ KDYH EHHQ PDVNHG RQ

SRRU WKDW QRQH RI WKH VXEMHFWY FDQ EH FRQVLGHUL
EHWWHU SHUIRUPHUV + / KDG KLJK HYDOXDWLRQ WLP
DQG / 7KH TXHU\ FRQVWUXFWLRQ LQGLFDWRUV VKRZHG
WRS HTXDO VFRUH LQ WKLV WDVN ZLWK D SRRU TXHU\ |
FROQWUDVW D SRRU SHUIRUPHU + GLG DOO WKH ULJKW
TXHULHV ZLWK D YDULHW\ RI WHUPV IRU D PLVHUDEOH
IRXO RI XVLQJ VHYHUDO LQDSSURSULDWH WHUPV 7KH R\
LWHUDWLRQV DQG XVHG IHZ TXHU\ WHUPYV
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,Q FRQFOXVLRQ VRPH VWUDWHJILHY SRLQW WR VXFFHVV
WDVNV )RU WKH H[SHUWV PRUH FRPSOH[ TXHULHV DQG
UHDVRQDEOH SHUIRUPDQFH ZKHUHDV LQ QRYLFHV PF
HYDOXDWLRQ WLPHVY SURGXFHG JRRG UHVXOWYVY +RZHYH
GR QRW DOZD\V KROG DQG FKRLFH RI DSSURSULDWH VH
KHQ TXHU\ SDWWHUQV ZHUH H[DPLQHG E\ WDVN LW DSS
bv LW UHFHLYHG IHZHU LWHUDWLRQV DQG VLPSOHU TXF
KDYH EHHQ WRR GLIILFXOW DQG VXEMHFWY MXVW JDYH
WDVNV ZDV UHDVRQDEO\ HYHQ

7THUP XVH DQDO\VLYV

7KH WHUPV LQ XVHUVY TXHULHV ZHUH PDWFKHG DJDLQV
ZKLFK WHUPV PD\ EH OLQNHG WR UHFDOO VXFFHVV 7KL’
FRPSRQHQWY LQ WKH RULJLQDO QHHG ZKLFK VHDUFKHUYV

7THUP DQDO\VLV RI WDVN 2*

,Q WDVN 2* WKUHH WHUPV *RUDO FRQWUDFHSWLYH IDL
E\ DW OHDVW WHQ RXW RI WKH VHYHQWHHQ VXEMHF
FRQWUDFHSWLYH SLOO ZHUH WKH QH[W PRVW SRSXODU \

$ IXOO DQDO\WLV RI WKH TXHULHV XVHG E\ LQGLYLGXDC
4XHULHVY IURP WKH WRS VL[ VXEMHFWV VKRZHG OLWWOH
LWHUDWLRQ DQG HYDOXDWLRQ RI UHVXOWY DSSHDU WI
VXFFHVV 21 WKH WRS SHUIRUPHUV + XVHG FRPSOH[ TXI
ZKHUHDV + / DQG / DOO VXEPLWWHG VLPSOHU W
SHUIRUPHG IHZ LWHUDWLRQV VR FKRLFH RI WKH WHUPV
IDLOXUH DQG DFFLGHQWDO SUHJQDQF\" DQG ORQJ HYDC
IDFWRU LQ WKLV VXEMHFWIV JRRG SHUIRUPDQFH UHFI
UHODWLQJ WR WKH VRFLR HFRQRPLF UHDVRQV IRU WKH
QRYLFHVY RQO\ XVHG RQH WHUP VRFLR HFRQRPLF ZKHUFE
DOWHUQDWLYH H[SUHVVLRQV DV ZHOO DV puVRFLR HFRQ
GLGQTW XVH DQ\ WHUPV UHODWLQJ WR VRFLR HFRQRPLF
HI[ISUHVVLRQV IRU WKH IDLOXUH RI WKH SLOO 7KH RWKI
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+ +, + + DOO XVHG PXOWLSOH WHUP DOWHUQDWLYH
WKHVH ILYH VHDUFKHUV DOO EDU RQH + XVHG PXOWL
SLOOYfV IDLOXUH RU VRFLR HFRQRPLF UHDVRQV ,Q JHQH
JRRG SHUIRUPDQFH WKH WHUP RUDO FRQWUDFHSWLYH P
UHSUHVHQWLQJ HLWKHU VRFLR HFRQRPLF IDFWRUV RU II

7THUPV + + + +, + + + + + + / / /,

-
-
-
-

2UDO FRQWUDFHSWLYH SLOO 9 9 9
283 9

2UDO FRQWUDFHSWLYH 6 v 9 9 <

RDO FRQWUDFHSWLRD 9 9 9 v 6
FRQWUDFHSWLYH SLOO v 9
&RPELQHG RUDO

FRQWUDFHSWLYH

&RPELQHG RUDO

FRQWUDFHSWLRQ

IROXUH UDWHYV 9 \ < 9
IDLO

IROHG 9

IROXUH v v $ 9 v 9 9 9 9 9 v 6 9 v
OFFLGHQWDO SUHJQDQF\ 9 9 9
OFFLGHQWDO SUHJQDQFLHV 9

XQSODQQHG SUHJQDQF\

XQSODQQHG SUHJQDQFLHV

WFLR HFRQRPLF 9

UHDVRQV

HsXFDWLRQDO OHYHO

HsXFDWLRQDO VWDWXV

HSODQDWLRQ 6

HSODQDWLRQV 9

RFLR HFRQRPLF 9 9 6 9 ! v 9 v 6 ! 9 9
HSLGHPLRORJLFDO 9

IDFWRUV

\RFLDO FODVV 9 6 9 v 9

VRFLDO VWDWXV

PDULWDO VWDWXV

HDVRQV \ 6

IQFRPH v \

5HFDOO

7TEOH 7THUP XVDJH RI VXEMHFWYVY IRU WDVN 2* 6 XEME

WKH H[SHUW QRYLFH JURXSV 7KH GLYLVLRQV EHWZHHQ
E\ WKH GRXEOH OLQH

7KH JROG VWDQGDUG TXHU\ VHH ILIXUH KDG WKUHH
SLOO LQFUHDVHG IDLOXUH UDWH DQG VRFLR HFRQRPL!
SDUWLFXODU ZDV D GLIILEFXOW FRQFHSW WR DUWLEXODV
HFRQRPLF GLIIHUHQFHVY DQG D ODUJH QXPEHU RI V\QRC
HITHEFWLYH TXHU\
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CH\

7DVN

&RQFHSW

_ THUPV

4XHU\ H[SUHVVLRQ

\Y
30HDVH XVH WKH O0('/,1( GDWDEDVH WR LQYHVWLJDWH WKH VRFLR HFRQRPLF
LQFUHDVHG IDLOXUH UDWHV RQ WKH RUDO FRQWUDFHSWLYH SLOO

J)LIXUH &KRLFH RI VHDUFK WHUPV IRU WDVN 2* 7KH \
PRVW SRSXODU FKRLFH RI VHDUFK WHUPYV

7KH WDVN LV JLYHQ DW WKH WRS DQG GHFRPSRVHG LQ
FROQOWUDFHSWLYH SLOO LQFUHDVHG IDLOXUH UDWHYV DQ
UHILQHG LQWR VHDUFK WHUPV LQ OHYHO WZR 7KH VHDI
VIQWD[ LQ OHYHO WKUHH VKRZLQJ KRZ WKH JROG VWDQ
%RROHDQ DQG VI\VWHP RSHUDWRUYV

7THUP DQDO\VLV RI WDVN 2*

,Q 2* WKH IRXU PRUH FRPPRQ WHUPV VKDUHG E\ RU F
VHFWLRQ HPHUJHQF\ VDIHW\ DQG LQIHFWLRQ™ 7KLV WI
RI WHUPV )LJXUH

:KLOH WKH WRS VL[ VXEMHFWV VKDUHG WKH IRXU FRPPR
RWKHU VXEMHFWYVY VR VXFFHVV LQ WKLV WDVN ZDV PD
FRQVWUXFWLRQ DQG LWHUDWH HYDOXDWH F\FOH 7KH |
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VLPSOH WHUP TXHU\ 3FDHVDUHDQ VHFWLRQ SODQQ
DFKLHYHG UHDVRQDEOH UHFDOO RI ([SHUW VHDUF
MHOHFWLYHY WR GHILQH WKH W\SH RI