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Abstract— The selection and design of appropriate 
indicators are crucial for evaluating the outcome of 
university-industry-government (UIG) relationship in 
innovation systems at various levels. This paper reviews 
and compares current indicators and discusses the 
orientations for the design of potential new indicators that 
may complement existing ones. This paper then provides 
implications for policy-makers and evaluators. 

 
 
Index Terms— university-industry-government relationship, 
innovation systems, indicator, research evaluation 

 
 

1. INTRODUCTION 
The effectiveness of university-industry-government 

(UIG) relationship is a prerequisite for the achievement 
of sustainable socio-economic development in 
innovation systems at various levels in the era of 
knowledge-based economy, learning society [1, 2] and 
open innovation paradigm [3]. Among heterogeneous 
actors in a given innovation system, university, industrial 
firm and government agency can be regarded as the most 
important ones and thus UIG linkage network has 
naturally become the core sub innovation system.  

It is relatively easier to measure the performance of a 
single actor; it i s difficult to assess the effectiveness of 
combined efforts and interaction of two institutional 
settings (e.g. university-industry links) due to the 
complexity of their relationship; it i s even elusive to 
gauge UIG relationship in the context of an innovation 
system because the inherent differences in missions and 
‘core competence’ of the three spheres add to the 
complication.  

Nevertheless, the evaluation of the effectiveness of 
UIG interaction in promoting innovation is necessary 
since it c an inform and facilitate the formulation, 
implementation, adjustment or redesign and critical 
review of relevant policies, programs or projects or in the 
decision of the setting-up or reform of relevant 
intermediary organizations (e.g. liaison offices). 
Therefore, the crucial yet challenging task of selection 
and design of appropriate indicators for assessing UIG 
relationship becomes a major concern of evaluators. 

However, most current indicators target the assessment 
of the effectiveness of knowledge transfer from 
universities and government labs to firms, i.e. public 

sector research (PSR)-industry relationship. Although the 
evaluation of PSR-industry linkage is a popular and 
meaningful approach, it obviously has its own limitations 
since it ignores the differences between universities and 
PRIs and avoids addressing the other roles other than 
research conducted by government labs on the part of 
government in the UIG sub innovation system.  

Recently available proxies dedicated to measure UIG 
relationship, e.g. triple helix indicator, put great 
emphases on UIG co-authorship and thus is still limited 
in use in practice. Moreover, there are several other 
apparent restrictions with existing indicators. Our aim is 
to critically review these restrictions based on which we 
propose the possible orientations for the selection and 
design of potential new indicators to complement present 
ones. 

The remainder of this paper is structured as follows: 
Section 2 put forth an overview of UIG relations in 
innovation promotion; Section 3 provides a review of 
existing indicators and methods for the evaluation of 
UIG relations; Section 4 point outs the limitations of 
existing indicators and highlights orientations for the 
selection and design of potential new ones; and Section 5 
gives implications and draws a conclusion. 

 

2. AN OVERVIEW OF UIG RELATIONS IN 
PROMOTING INNOVATION 

2.1. Different core competences of UIG actors 
Despite the trend that the boundary among universities, 

firms and government are getting ambiguous in the new 
innovation paradigm as they get more interconnected and 
their overlapping role expands [4], they still keep their 
core competences that reflects their identities. A lion’s 
share of universities’ resources is still utilized in 
improving the quality of education and basic research; 
government labs emphasizes fundamental and applied 
research; industrial firms are more dedicated to 
commercial activities and maximization of profits.   

As regards research competence, the three actors have 
distinguishable ‘comparative advantages’ [5]. In general, 
government labs’ core competence lies in its ability to 
carry out long-term, large-scope, high-risk and/or 
interdisciplinary or multidisciplinary state-of-the-art 
research with the backup of sufficient public research 
funding and tremendously expensive and often unique 
facilities that cannot be found in industrial and university 
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AEsWracW² 7KH VHOHFWLRQ DQG GHVLJQ RI DSSURSULDWH 
LQGLFDWRUV DUH FUXFLDO IRU HYDOXDWLQJ WKH RXWFRPH RI 
XQLYHUVLW\�LQGXVWU\�JRYHUQPHQW �8,*� UHODWLRQVKLS LQ 
LQQRYDWLRQ V\VWHPV DW YDULRXV OHYHOV� 7KLV SDSHU UHYLHZV 
DQG FRPSDUHV FXUUHQW LQGLFDWRUV DQG GLVFXVVHV WKH 
RULHQWDWLRQV IRU WKH GHVLJQ RI SRWHQWLDO QHZ LQGLFDWRUV WKDW 
PD\ FRPSOHPHQW H[LVWLQJ RQHV� 7KLV SDSHU WKHQ SURYLGHV 
LPSOLFDWLRQV IRU SROLF\�PDNHUV DQG HYDOXDWRUV� 

 
 
,nde[ 7erPs² XQLYHUVLW\�LQGXVWU\�JRYHUQPHQW UHODWLRQVKLS� 
LQQRYDWLRQ V\VWHPV� LQGLFDWRU� UHVHDUFK HYDOXDWLRQ 

 
 

�� ,1752'8&7,21 
7KH HIIHFWLYHQHVV oI XQLYHUVLW\�LQGXVWU\�goYHUQPHQW 

�8,*� UHlDWLoQVKLS LV D SUHUHTXLVLWH IoU WKH DFKLHYHPHQW 
oI VXVWDLQDElH VoFLo�HFoQoPLF GHYHloSPHQW LQ 
LQQoYDWLoQ V\VWHPV DW YDULoXV lHYHlV LQ WKH HUD oI 
NQoZlHGgH�EDVHG HFoQoP\, lHDUQLQg VoFLHW\ [1, 2] DQG 
oSHQ LQQoYDWLoQ SDUDGLgP [3]� $PoQg KHWHUogHQHoXV 
DFWoUV LQ D gLYHQ LQQoYDWLoQ V\VWHP, XQLYHUVLW\, LQGXVWULDl 
ILUP DQG goYHUQPHQW DgHQF\ FDQ EH UHgDUGHG DV WKH PoVW 
LPSoUWDQW oQHV DQG WKXV 8,* lLQNDgH QHWZoUN KDV 
QDWXUDll\ EHFoPH WKH FoUH VXE LQQoYDWLoQ V\VWHP�  

,W LV UHlDWLYHl\ HDVLHU Wo PHDVXUH WKH SHUIoUPDQFH oI D 
VLQglH DFWoU� LW L V GLIILFXlW Wo DVVHVV WKH HIIHFWLYHQHVV oI 
FoPELQHG HIIoUWV DQG LQWHUDFWLoQ oI WZo LQVWLWXWLoQDl 
VHWWLQgV �H�g� XQLYHUVLW\�LQGXVWU\ lLQNV� GXH Wo WKH 
FoPSlH[LW\ oI WKHLU UHlDWLoQVKLS� LW L V HYHQ HlXVLYH Wo 
gDXgH 8,* UHlDWLoQVKLS LQ WKH FoQWH[W oI DQ LQQoYDWLoQ 
V\VWHP EHFDXVH WKH LQKHUHQW GLIIHUHQFHV LQ PLVVLoQV DQG 
µFoUH FoPSHWHQFH¶ oI WKH WKUHH VSKHUHV DGG Wo WKH 
FoPSlLFDWLoQ�  

1HYHUWKHlHVV, WKH HYDlXDWLoQ oI WKH HIIHFWLYHQHVV oI 
8,* LQWHUDFWLoQ LQ SUoPoWLQg LQQoYDWLoQ LV QHFHVVDU\ 
VLQFH LW F DQ LQIoUP DQG IDFLlLWDWH WKH IoUPXlDWLoQ, 
LPSlHPHQWDWLoQ, DGMXVWPHQW oU UHGHVLgQ DQG FULWLFDl 
UHYLHZ oI UHlHYDQW SolLFLHV, SUogUDPV oU SUoMHFWV oU LQ WKH 
GHFLVLoQ oI WKH VHWWLQg�XS oU UHIoUP oI UHlHYDQW 
LQWHUPHGLDU\ oUgDQL]DWLoQV �H�g� lLDLVoQ oIILFHV�� 
7KHUHIoUH, WKH FUXFLDl \HW FKDllHQgLQg WDVN oI VHlHFWLoQ 
DQG GHVLgQ oI DSSUoSULDWH LQGLFDWoUV IoU DVVHVVLQg 8,* 
UHlDWLoQVKLS EHFoPHV D PDMoU FoQFHUQ oI HYDlXDWoUV� 

+oZHYHU, PoVW FXUUHQW LQGLFDWoUV WDUgHW WKH DVVHVVPHQW 
oI WKH HIIHFWLYHQHVV oI NQoZlHGgH WUDQVIHU IUoP 
XQLYHUVLWLHV DQG goYHUQPHQW lDEV Wo ILUPV, L�H� SXElLF 

VHFWoU UHVHDUFK �365��LQGXVWU\ UHlDWLoQVKLS� $lWKoXgK WKH 
HYDlXDWLoQ oI 365�LQGXVWU\ lLQNDgH LV D SoSXlDU DQG 
PHDQLQgIXl DSSUoDFK, LW oEYLoXVl\ KDV LWV oZQ lLPLWDWLoQV 
VLQFH LW LgQoUHV WKH GLIIHUHQFHV EHWZHHQ XQLYHUVLWLHV DQG 
35,V DQG DYoLGV DGGUHVVLQg WKH oWKHU UolHV oWKHU WKDQ 
UHVHDUFK FoQGXFWHG E\ goYHUQPHQW lDEV oQ WKH SDUW oI 
goYHUQPHQW LQ WKH 8,* VXE LQQoYDWLoQ V\VWHP�  

5HFHQWl\ DYDLlDElH SUo[LHV GHGLFDWHG Wo PHDVXUH 8,* 
UHlDWLoQVKLS, H�g� WULSlH KHlL[ LQGLFDWoU, SXW gUHDW 
HPSKDVHV oQ 8,* Fo�DXWKoUVKLS DQG WKXV LV VWLll lLPLWHG 
LQ XVH LQ SUDFWLFH� 0oUHoYHU, WKHUH DUH VHYHUDl oWKHU 
DSSDUHQW UHVWULFWLoQV ZLWK H[LVWLQg LQGLFDWoUV� 2XU DLP LV 
Wo FULWLFDll\ UHYLHZ WKHVH UHVWULFWLoQV EDVHG oQ ZKLFK ZH 
SUoSoVH WKH SoVVLElH oULHQWDWLoQV IoU WKH VHlHFWLoQ DQG 
GHVLgQ oI SoWHQWLDl QHZ LQGLFDWoUV Wo FoPSlHPHQW SUHVHQW 
oQHV� 

7KH UHPDLQGHU oI WKLV SDSHU LV VWUXFWXUHG DV IolloZV� 
6HFWLoQ 2 SXW IoUWK DQ oYHUYLHZ oI 8,* UHlDWLoQV LQ 
LQQoYDWLoQ SUoPoWLoQ� 6HFWLoQ 3 SUoYLGHV D UHYLHZ oI 
H[LVWLQg LQGLFDWoUV DQG PHWKoGV IoU WKH HYDlXDWLoQ oI 
8,* UHlDWLoQV� 6HFWLoQ � SoLQW oXWV WKH lLPLWDWLoQV oI 
H[LVWLQg LQGLFDWoUV DQG KLgKlLgKWV oULHQWDWLoQV IoU WKH 
VHlHFWLoQ DQG GHVLgQ oI SoWHQWLDl QHZ oQHV� DQG 6HFWLoQ 5 
gLYHV LPSlLFDWLoQV DQG GUDZV D FoQFlXVLoQ� 

 

�� $1 29(59,(: 2) 8,* 5(/$7,216 ,1 
352027,1* ,1129$7,21 

���� 'iIIeUeQW coUe comSeWeQces oI 8,* acWoUs 
'HVSLWH WKH WUHQG WKDW WKH EoXQGDU\ DPoQg XQLYHUVLWLHV, 

ILUPV DQG goYHUQPHQW DUH gHWWLQg DPELgXoXV LQ WKH QHZ 
LQQoYDWLoQ SDUDGLgP DV WKH\ gHW PoUH LQWHUFoQQHFWHG DQG 
WKHLU oYHUlDSSLQg UolH H[SDQGV [�], WKH\ VWLll NHHS WKHLU 
FoUH FoPSHWHQFHV WKDW UHIlHFWV WKHLU LGHQWLWLHV� $ lLoQ¶V 
VKDUH oI XQLYHUVLWLHV¶ UHVoXUFHV LV VWLll XWLlL]HG LQ 
LPSUoYLQg WKH TXDlLW\ oI HGXFDWLoQ DQG EDVLF UHVHDUFK� 
goYHUQPHQW lDEV HPSKDVL]HV IXQGDPHQWDl DQG DSSlLHG 
UHVHDUFK� LQGXVWULDl ILUPV DUH PoUH GHGLFDWHG Wo 
FoPPHUFLDl DFWLYLWLHV DQG PD[LPL]DWLoQ oI SUoILWV�   

$V UHgDUGV UHVHDUFK FoPSHWHQFH, WKH WKUHH DFWoUV KDYH 
GLVWLQgXLVKDElH µFoPSDUDWLYH DGYDQWDgHV¶ [5]� ,Q gHQHUDl, 
goYHUQPHQW lDEV¶ FoUH FoPSHWHQFH lLHV LQ LWV DELlLW\ Wo 
FDUU\ oXW loQg�WHUP, lDUgH�VFoSH, KLgK�ULVN DQG�oU 
LQWHUGLVFLSlLQDU\ oU PXlWLGLVFLSlLQDU\ VWDWH�oI�WKH�DUW 
UHVHDUFK ZLWK WKH EDFNXS oI VXIILFLHQW SXElLF UHVHDUFK 
IXQGLQg DQG WUHPHQGoXVl\ H[SHQVLYH DQG oIWHQ XQLTXH 
IDFLlLWLHV WKDW FDQQoW EH IoXQG LQ LQGXVWULDl DQG XQLYHUVLW\ 

lDEV� 0oUHoYHU, 35,V FDQ EHWWHU gUDVS DQG UHVSoQG Wo WKH 
H[SHFWDWLoQV oI goYHUQPHQW XSoQ WKH GHYHloSPHQW oI 
VWUDWHgLFDll\ LPSoUWDQW WHFKQologLFDl DUHDV� 

7KH FoUH FoPSHWHQFH oI LQGXVWULDl 5	' lDEV LV WKHLU 
FloVHQHVV Wo WKH PDUNHWSlDFH DQG PDQXIDFWXULQg VLWH� 
&oPSDQLHV NQoZ IDU EHWWHU DEoXW FoQVXPHUV¶ H[LVWLQg 
DQG SoWHQWLDl GHPDQG DQG PDQXIDFWXULQg WKDQ DQ\ oWKHU 
DFWoU LQ LQQoYDWLoQ V\VWHPV� 6XFK NQoZlHGgH LQIoUPV 
FoUSoUDWH VWUDWHgLHV LQ UHVHDUFK, GHVLgQ DQG GHYHloSPHQW 
oI SUoGXFWV, SUoFHVVHV DQG VHUYLFHV WKDW DUH H[SHFWHG Wo 
EH FoPPHUFLDlL]HG� ,Q oWKHU ZoUGV, WKHVH FoPPHUFLDl 
HQWLWLHV¶ NQoZlHGgH LQ oWKHU DUHQDV DSDUW IUoP 5	' LQ 
WKH LQQoYDWLoQ SUoFHVVHV VXFK DV PDUNHWLQg, SUoGXFWLoQ 
DQG VDlHV FDQ KHlS WKHP UHDS WKH UHWXUQV oI 5	' 
LQYHVWPHQW DW D UHlDWLYHl\ KLgKHU VXFFHVVIXl UDWH DQG WKXV 
WKH\ FDQ DFFUXH UHYHQXHV DQG SUoILWV IDU PoUH WKDQ WKHLU 
FoXQWHUSDUWV LQ WKH SXElLF VHFWoU�  

$V IoU DFDGHPLF LQVWLWXWLoQV, WKHLU FoUH FoPSHWHQFH LQ 
SUoPoWLQg LQQoYDWLoQ LV EDVLF UHVHDUFK FKDUDFWHUL]HG E\ 
WKH DVVLVWDQFH oI D lDUgH QXPEHU oI FUHDWLYH VWXGHQWV ZKo 
DUH FKHDS lDEoUV ZoUNLQg EHloZ PDUNHW ZDgH UDWH LQ 
UHWXUQ IoU HGXFDWLoQ [5]� $V WKH IXWXUH DFDGHPLFV, 
VFLHQWLVWV DQG HQgLQHHUV, LQGXVWULDl HPSlo\HHV oU VWDUW�XS 
FoPSDQ\ oZQHUV, DQG goYHUQPHQW oIILFLDlV, VWXGHQWV 
�EoWK IXll�WLPH DQG FDUHHU VWXGHQWV� DQG gUDGXDWHV DUH D 
PHDQV oI NQoZlHGgH WUDQVIHU WKUoXgK HPSlo\PHQW DQG 
LPSoUWDQW EUoNHUV EULGgLQg XQLYHUVLWLHV ZLWK ILUPV DQG 
goYHUQPHQW DgHQFLHV DV ZHll DV oWKHU DFWoUV LQ 
LQQoYDWLoQ V\VWHPV� 7KXV, VWXGHQWV PDNH D QoWDElH 
GLIIHUHQFH LQ WKH gHQHUDWLoQ, WUDQVPLVVLoQ DQG XWLlL]DWLoQ 
oI NQoZlHGgH UHVXlWHG IUoP XQLYHUVLW\ UHVHDUFK DQG WKXV 
WKH\ KDYH D Fo QVLGHUDElH LPSDFW oQ WKH WKUHH PLVVLoQV1 
oI PoGHUQ XQLYHUVLWLHV�  

 

���� 0oWiYaWioQs Wo iQYolYe iQ 8,* liQNaJe 
:KDW PoWLYDWLoQV SXll XQLYHUVLW\, LQGXVWU\ DQG 

goYHUQPHQW WogHWKHU LQ WKH FDXVH oI VWLPXlDWLQg 
LQQoYDWLoQ" 2U DV IDU DV UHVHDUFK LV FoQFHUQHG, ZK\ 
XQLYHUVLWLHV, ILUPV DQG goYHUQPHQW lDEV ZoXlG lLNH Wo 
IoUgH lLQNDgH ZLWK oQH DQoWKHU" 1o PDWWHU ZKHWKHU VXFK 
QHWZoUN LV VHlI�oUgDQL]HG oU oUgDQL]HG E\ D W KLUG SDUW\, 
WKHUH PXVW EH FUoVV�VSKHUH V\QHUg\ ZKLFK PHDQV WKDW 
DFWoUV IUoP DW lHDVW WZo oI WKH WKUHH VSKHUHV FDQ Go WKLQgV 
LQ D SoVVLElH, PoUH HIILFLHQW oU HIIHFWLYH ZD\ ZKHQ WKH\ 
ZoUN WogHWKHU WKDQ ZKHQ WKH\ Go QoW, WKoXgK WKH EHQHILWV 
IoU HDFK SDUWLFLSDQW PD\ GLIIHU� 

 $ lDUgH EoG\ oI lLWHUDWXUH KDV EHHQ FoQFHUQHG ZLWK 
WKH H[SlDQDWLoQ oI WKH PoWLYDWoUV IoU WKH IoUPDWLoQ oI 
ELlDWHUDl 8,* UHlDWLoQV, L�H� XQLYHUVLW\�LQGXVWU\ lLQNDgH 
DQG goYHUQPHQW lDE�LQGXVWU\ SDUWQHUVKLS, HVSHFLDll\ WKH 
IoUPHU DQG LQ SDUWLFXlDU ILUPV¶ PoWLYDWLoQV� ,Q WKH 
WKHoUHWLFDl IUDPHZoUN IoU WKH HYDlXDWLoQ oI 

                                                   
1 ,W LV ZoUWK QoWLQg WKDW XQLYHUVLW\ KDV DVVXPHG DQ 

LQFUHDVLQgl\ VLgQLILFDQW WKLUG UolH oI NQoZlHGgH 
FDSLWDlL]DWLoQ DloQgVLGH WKH oWKHU WZo WUDGLWLoQDl 
PLVVLoQV, L�H� WHDFKLQg DQG UHVHDUFK� 

XQLYHUVLW\�LQGXVWU\ UHlDWLoQVKLSV EXLlW E\ %oQDFFoUVL, $� 
DQG $� 3LFFDlXgD [�], ILUPV¶ PoWLYDWLoQV Wo HQWHU LQWo 
LQWHUoUgDQLVDWLoQDl UHlDWLoQV ZLWK XQLYHUVLW\ DUH 
FoQVLGHUHG Wo EH� 

 
� *eWWiQJ access Wo scieQWiIic IUoQWieUs� 7KLV 

LQFlXGHV PoWLYHV VXFK DV gDLQLQg HDUl\ DFFHVV Wo 
VFLHQWLILF EUHDNWKUoXgKV DQG VWDWH�oI�WKH�DUW 
LQIoUPDWLoQ� UHWDLQLQg PXlWLSlH UHVHDUFK 
GLUHFWLoQV XQGHU FoQGLWLoQV oI SUH�SDUDGLgPDWLF 
WHFKQolog\� HPSlo\LQg KLgKl\ VNLllHG KXPDQ 
UHVoXUFHV� DQG FUHDWLQg EDUULHUV IoU FoPSHWLWoUV 
Wo DFFHVV YDlXDElH NQoZlHGgH�  

� ,QcUeasiQJ WKe SUedicWiYe SoZeU oI scieQce� 7KLV 
LQFlXGHV UHDVoQV VXFK DV LQVSLULQg WKH 
GHYHloSPHQW oI PDWKHPDWLFDl PoGHlLQg oI 
GHVLgQ DFWLYLWLHV DQG SUoElHPV DQG UHFHLYLQg 
WUDLQLQg DQG VXSSoUW IoU LQ�KoXVH UHVHDUFK 

� 'eleJaWioQ oI deYeloSmeQW acWiYiWies� 7KLV 
FoPSULVHV PoWLYDWLoQV VXFK DV ULVN VKDULQg� FoVW 
UHGXFWLoQ� VolYLQg VSHFLILF WHFKQLFDl SUoElHPV� 
DQG gHWWLQg DFFHVV Wo lDUgH VFDlH WHVWLQg� 

� 7aSSiQJ iQWo comSlemeQWaU\ UesouUces� 7KLV 
FoYHUV UDWLoQDlHV VXFK DV gDLQLQg DFFHVV Wo 
XQLYHUVLW\ IDFLlLWLHV �lDEV, WoolV, lLEUDULHV� DQG 
UHDFKLQg WKH VFDlH IoU HIILFLHQW PDQDgHPHQW oI 
IDFLlLWLHV� 

 
,Q D EUoDGHU VHQVH DW WKH QDWLoQDl lHYHl, 8,* DFWoUV DUH 

VWLll WKUHH GLVWLQFW VSKHUHV� KoZHYHU, WKH\ DUH 
LQWHUFoQQHFWHG DQG oQl\ ZKHQ WKH\ LQWHUDFW HIIHFWLYHl\ 
FDQ WKH\ FUHDWH D KHDlWK\ QDWLoQDl LQQoYDWLoQ V\VWHP� ,Q D 
QDUUoZHU VHQVH DW WKH DFWLYLW\ lHYHl oI GoLQg UHVHDUFK, ZH 
DUgXH WKDW GLIIHUHQW FoUH FoPSHWHQFLHV �LQFlXGLQg WKH 
DVVoFLDWHG FoPSlHPHQWDU\ UHVoXUFHV� oI WKH WKUHH 
LQVWLWXWLoQDl VHWWLQgV KDYH D VLgQDllLQg HIIHFW WKDW FDQ 
PoWLYDWH oQH oI WKH 8,* DFWoUV Wo FoQWDFW DQoWKHU oQH oU 
WZo DFWoUV LQ WKH VXE LQQoYDWLoQ V\VWHP� )oU LQVWDQFH, WKH 
PDMoU PoWLYDWLoQV IoU D XQLYHUVLW\ oU LQGXVWULDl lDE Wo 
FollDEoUDWH ZLWK D 3 5, FDQ EH gDLQLQg DFFHVV Wo LWV 
NQoZlHGgH LQ loQg�WHUP DQG�oU lDUgH�VFDlH UHVHDUFK 
SUoMHFWV DQG XWLlL]DWLoQ oI WKH XQLTXH UHVHDUFK IDFLlLWLHV 
loFDWHG oQ LWV FoXQWHUSDUW¶V SUHPLVH ZKLlH WKH PDLQ 
UHDVoQV IoU D goYHUQPHQW Wo DVVoFLDWH ZLWK D XQLYHUVLW\ 
VKoXlG LQFlXGH WDSSLQg LQWo KLgKl\ VNLllHG UHVHDUFKHUV 
DQG VWXGHQWV ZLWK FoPSlHPHQWDU\ NQoZlHGgH EDVH DV 
ZHll DV UHFUXLWLQg KLgKl\ VNLllHG VWXGHQWV� 2XU DQDl\VLV oI 
D FoPSDQ\¶V PoWLYDWLoQV Wo HQgDgH LQ D lLQNDgH ZLWK D 
XQLYHUVLW\ IUoP WKH SHUVSHFWLYH oI FoUH FoPSHWHQFH LV 
FoQVLVWHQW ZLWK WKDW oI %oQDFFoUVL, $� DQG $� 3LFFDlXgD 
[�]� 

���� 0ecKaQisms oI iQWeUacWioQ 
)UoP LQQoYDWLoQ V\VWHP SHUVSHFWLYH, LQQoYDWLYH DFWoUV 

Go QoW VWDQG DloQH EXW LQHYLWDEl\ LQWHUDFW ZLWK oWKHU 
DgHQWV VXFK DV SUoYLGHUV, XVHUV DQG FoPSHWLWoUV� ,Q WKLV 
SDSHU, ZH IoFXV oQ WKH SoVLWLYH UHlDWLoQVKLS DPoQg 8,* 
DFWoUV ZLWKoXW FoQVLGHULQg VLWXDWLoQV ZKHUH WKHLU 
FoXQWHUSUoGXFWLYH HIIoUWV WDNH SlDFH �H�g� FoPSHWLWLoQ LQ 
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SDWHQWLQg DFWLYLWLHV oU XQGHUWDNLQg UHSHWLWLYH UHVHDUFK GXH 
Wo WKH DEVHQFH oI FoPPXQLFDWLoQ oU FooUGLQDWLoQ�� $ 
VXFFLQFW WD[oQoP\ oI GLIIHUHQW W\SHV oI PHFKDQLVPV oI 
LQWHUDFWLoQ LV VXggHVWHG LQ 7DElH 1� $V LV oIWHQ WKH FDVH 
ZLWK 8,* ELlDWHUDl oU WULlDWHUDl LQWHUDFWLoQ, D SoUWIolLo oI 
VHYHUDl FKDQQHlV LQVWHDG oI D VLQglH W\SH LV DGoSWHG�  
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5HgDUGLQg IoUPDl PHFKDQLVPV, DQ DgUHHPHQW LV 

XVXDll\ VLgQHG E\ SDUWQHUV IUoP Dll VLGHV� 6XFK DQ 
DgUHHPHQW GHVFULEHV UHVSoQVLELlLW\, PDQDgHPHQW 
�UHIlHFWLQg VW\lH oI IlH[LELlLW\ oU FoQWUol�, goYHUQDQFH, 
ULVN�EHQHILW VKDULQg, GLYLVLoQ oI lDEoU, WDVN VSHFLILFDWLoQ, 
FoQIlLFW QHgoWLDWLoQ DQG oUgDQL]DWLoQ VWUXFWXUH LQ FDVH oI 
D SUoMHFW �FHQWUDlL]DWLoQ oU GHFHQWUDlL]DWLoQ�� 2Q WKH 
oWKHU KDQG, LQIoUPDl LQWHUIDFH UHlLHV PDLQl\ oQ VoFLDl 
QHWZoUN FoQQHFWLoQV, H�g� NQoZ�KoZ PD\ EH WUDQVIHUUHG 
WKUoXgK D FDVXDl SULYDWH FoQYHUVDWLoQ EHWZHHQ WZo 
IULHQGV ZKo EHloQg Wo GLIIHUHQW LQVWLWXWLoQDl VHWWLQgV� 

7Zo�ZD\ PHFKDQLVPV LQYolYH WKH Fo�FUHDWLoQ oU 
VKDULQg oU H[FKDQgH oI NQoZlHGgH oU oWKHU LQQoYDWLoQ 
UHVoXUFHV� 7KLV WZo�ZD\ FKDQQHl HQWDLlV FoQVLGHUDElH 
QHgoWLDWLoQ DQG FooUGLQDWLoQ WKUoXgKoXW WKH ZKolH 
LQWHUDFWLoQ SUoFHVV ZKHUH WUXVW LV WKH PoVW LPSoUWDQW 
EDVLV oI FUoVV�VSKHUH UHlDWLoQVKLSV� 2Q WKH FoQWUDU\, 
oQH�ZD\ LQWHUIDFH LPSlLHV WKDW oQH VLGH WDNHV Dll oU PoVW 
oI WKH UHVSoQVLELlLW\ oI D WDVN, H�g� lLFHQVLQg oU VDlH oI 
LQWHllHFWXDl SUoSHUW\ �,3� LQFlXGLQg SDWHQWV, FoS\ULgKW, 
WUDGHPDUN DQG LQGXVWULDl GHVLgQ� 
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2XU lLWHUDWXUH UHYLHZ DGGUHVVHV WKH PHWKoGologLFDl 
LVVXH oI WKH HYDlXDWLoQ oI 8,* UHlDWLoQV �EoWK ELlDWHUDl 
DQG WULlDWHUDl� E\ FHQWHULQg oQ H[LVWLQg LQGLFDWoUV� 7KH 
2(&'¶V gloVVDU\ oQ HYDlXDWLoQ [7] GHILQHV DQ LQGLFDWoU 
DV D ³ TXDQWLWDWLYH oU TXDlLWDWLYH IDFWoU oU YDULDElH WKDW 
SUoYLGHV D V LPSlH DQG UHlLDElH PHDQV Wo PHDVXUH 
DFKLHYHPHQW, Wo UHIlHFW WKH FKDQgHV FoQQHFWHG Wo DQ 
LQWHUYHQWLoQ, oU Wo KHlS DVVHVV WKH SHUIoUPDQFH oI D 
GHYHloSPHQW DFWoU�´ $Q LQGLFDWoU H[SlLFLWl\ oU LPSlLFLWl\ 
GHVFULEHV WKH oEMHFWLYHV oI WKH HYDlXDWLoQ LQ WHUPV oI 

WDUgHW gUoXS�V� �ZKo�, WLPHIUDPH �ZKHQ�, LQWHUYHQWLoQ 
DUHD �ZKHUH�, TXDQWLW\ 	 TXDlLW\ �KoZ PXFK� HWF� 7KH 
LQVLgKWIXl GLVFXVVLoQ LQ ³$ 0HWKoGologLFDl 3HUVSHFWLYH 
oQ WKH (YDlXDWLoQ oI WKH 3UoPoWLoQ oI 
8QLYHUVLW\±,QGXVWU\±*oYHUQPHQW 5HlDWLoQV´ [8] VKHG 
VoPH lLgKW oQ WKH LVVXHV SoLQWLQg Wo WKH FoPSlH[LW\ oI WKH 
DVVHVVPHQW DQG WKH LPSoUWDQFH oI PHDVXULQg IDLlXUH� 

,Q D EDVLF FlDVVLILFDWLoQ, LQGLFDWoUV FDQ EH GLYLGHG LQWo 
GLUHFW DQG LQGLUHFW oQHV� 8QIoUWXQDWHl\, gLYHQ WKH 
FoPSlH[LW\ oI 8,* UHlDWLoQVKLS, Qo GLUHFW LQGLFDWoUV DUH 
UHDGLl\ DYDLlDElH� $ll LQGLFDWoUV VXFK DV WUDGLWLoQDl LQSXW 
DQG oXWSXW GDWD oQl\ SDUWLDll\ DQG LQGLUHFWl\ UHIlHFW 
FKDQgHV H[HUWHG oQ oU FDXVHG E\ WKH VXE V\VWHP� 
KoZHYHU, LQGLUHFW LQGLFDWoUV DUH LQGLVSHQVDElH LQ WKH 
PHDQLQgIXl ZoUN oI HYDlXDWLoQ�  

,QSXW�oXWSXW GDWD LQGLFDWHV ZKDW DUH XVHG DQG 
SUoGXFHG UHVSHFWLYHl\ E\ D V\VWHP oU DFWoU DQG 
LQSXW�oXWSXW UDWLo FDQ EH D VLPSlH PHDVXUH oI LWV 
HIILFLHQF\ ZKLlH WKUoXgKSXW SUo[\ UHIlHFWV LWV SUoFHVVLQg 
DELlLW\ �H�g� WKH DYHUDgH QXPEHU oI FDVHV GHDlW ZLWK E\ D 
772 HYHU\ PoQWK DQG WKH UDWH oI oFFXUUHQFH oI 
LQWHUDFWLoQ WKUoXgK D FHUWDLQ W\SH oI PHFKDQLVP�FKDQQHl�� 
,QSXW DQG oXWSXW FDQ EH LQ WKH VDPH IoUP �H�g� PoQHWDU\ 
DQG ,35�UHlDWHG� DQG ZKDW LV H[SHFWHG Wo FKDQgH LV WKH 
YDlXH DGGHG� :KLlVW oXWSXW LV WKH GLUHFW UHVXlW oI DQ 
LQWHUYHQWLoQ, oXWFoPH�LPSDFW LV WKH PLG�loQg WHUP UHVXlW 
DQG WKXV LWV PHDVXUH LV PoUH GHPDQGLQg� EoWK 
SHUIoUPDQFH LQGLFDWoUV VKoXlG EH WDNHQ LQWo DFFoXQW 
ZKHQ WKH HIIHFWLYHQHVV oI WKH 8,* UHlDWLoQVKLS LV gDXgHG�  

7DElH 2 VKoZV D VHW oI H[LVWLQg LQGLFDWoUV oI LQSXW, 
oXWSXW DQG oXWFoPH�LPSDFW� )oU H[DPSlH, LQSXW 
LQGLFDWoUV LQFlXGH KXPDQ, ILQDQFLDl, DQG FoPPHUFLDl 
UHVoXUFHV� 2QH oI WKH UHDVoQV WKHVH LQSXW, oXWSXW DQG 
oXWFoPH LQGLFDWoUV DUH ZLGHl\ XVHG LV WKDW DlPoVW Dll oI 
WKHP DUH TXDQWLWDWLYH LQGLFDWoUV ZKLFK FDQ EH HDVLl\ 
FDlFXlDWHG IUoP UHDGLl\ DYDLlDElH GDWDEDVHV� 

 
7$%/( 2  

(;,67,1* ,1',&$7256 2) ,1387, 287387 $1' 287&20(�,03$&7  
,QSXW 2XWSXW 2XWFoPH�LPSDFW 

+XPDQ, ILQDQFLDl 
�H�g� 5	' 

H[SHQGLWXUH�, 
SK\VLFDl �PDWHULDl, 
IDFLlLWLHV, lDQG�, DQG 

FoPPHUFLDl 
UHVoXUFHV 

3XElLFDWLoQV, 
3DWHQWV, 

&LWDWLoQV, 
7UDGHPDUN, 

3UoFHVV, 'HVLgQ, 
&oS\ULgKW, 
3UoGXFWV 

6	7 DGYDQFHPHQW �H[SoUW 
oI NQoZlHGgH�LQWHQVLYH 

SUoGXFWV�, (FoQoPLF 
�lLFHQVLQg, VSLQ�oII, VDlHV, 

UHZDUGV� 

6oXUFH� DXWKoUV¶ HlDEoUDWLoQV 
 

,QGLFDWoUV UHlHYDQW Wo ELlDWHUDl 8,* UHlDWLoQV �PoVW oI 
ZKLFK DUH DlVo DSSlLFDElH LQ WULlDWHUDl 8,* UHlDWLoQV 
DVVHVVPHQW� DlVo LQFlXGH WKoVH oI WHFKQolog\ oU 
NQoZlHGgH WUDQVIHU IUoP SXElLF VHFWoU Wo LQGXVWU\ �H�g� 
lLFHQVLQg DQG VSLQ�oII�� ,W LV SUoSoVHG WKDW SUoFHVV 
LQGLFDWoUV VKoXlG EH IXUWKHU GHYHloSHG Wo FoPSlHPHQW 
LQSXW�oXWSXW LQGLFDWoUV oI WHFKQolog\ WUDQVIHU [9]� 
)DXlNQHU, :� DQG -� 6HQNHU [10] VXggHVWHG D VHW oI 
FoPSUHKHQVLYH XVHIXl LQGLFDWoUV IoU HYDlXDWLQg 
LQGXVWU\�365 lLQNDgH LQ WHUPV oI LQWHQVLW\, FKDQQHlV, 
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Wo WKH DEVHQFH oI FoPPXQLFDWLoQ oU FooUGLQDWLoQ�� $ 
VXFFLQFW WD[oQoP\ oI GLIIHUHQW W\SHV oI PHFKDQLVPV oI 
LQWHUDFWLoQ LV VXggHVWHG LQ 7DElH 1� $V LV oIWHQ WKH FDVH 
ZLWK 8,* ELlDWHUDl oU WULlDWHUDl LQWHUDFWLoQ, D SoUWIolLo oI 
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5HgDUGLQg IoUPDl PHFKDQLVPV, DQ DgUHHPHQW LV 

XVXDll\ VLgQHG E\ SDUWQHUV IUoP Dll VLGHV� 6XFK DQ 
DgUHHPHQW GHVFULEHV UHVSoQVLELlLW\, PDQDgHPHQW 
�UHIlHFWLQg VW\lH oI IlH[LELlLW\ oU FoQWUol�, goYHUQDQFH, 
ULVN�EHQHILW VKDULQg, GLYLVLoQ oI lDEoU, WDVN VSHFLILFDWLoQ, 
FoQIlLFW QHgoWLDWLoQ DQG oUgDQL]DWLoQ VWUXFWXUH LQ FDVH oI 
D SUoMHFW �FHQWUDlL]DWLoQ oU GHFHQWUDlL]DWLoQ�� 2Q WKH 
oWKHU KDQG, LQIoUPDl LQWHUIDFH UHlLHV PDLQl\ oQ VoFLDl 
QHWZoUN FoQQHFWLoQV, H�g� NQoZ�KoZ PD\ EH WUDQVIHUUHG 
WKUoXgK D FDVXDl SULYDWH FoQYHUVDWLoQ EHWZHHQ WZo 
IULHQGV ZKo EHloQg Wo GLIIHUHQW LQVWLWXWLoQDl VHWWLQgV� 

7Zo�ZD\ PHFKDQLVPV LQYolYH WKH Fo�FUHDWLoQ oU 
VKDULQg oU H[FKDQgH oI NQoZlHGgH oU oWKHU LQQoYDWLoQ 
UHVoXUFHV� 7KLV WZo�ZD\ FKDQQHl HQWDLlV FoQVLGHUDElH 
QHgoWLDWLoQ DQG FooUGLQDWLoQ WKUoXgKoXW WKH ZKolH 
LQWHUDFWLoQ SUoFHVV ZKHUH WUXVW LV WKH PoVW LPSoUWDQW 
EDVLV oI FUoVV�VSKHUH UHlDWLoQVKLSV� 2Q WKH FoQWUDU\, 
oQH�ZD\ LQWHUIDFH LPSlLHV WKDW oQH VLGH WDNHV Dll oU PoVW 
oI WKH UHVSoQVLELlLW\ oI D WDVN, H�g� lLFHQVLQg oU VDlH oI 
LQWHllHFWXDl SUoSHUW\ �,3� LQFlXGLQg SDWHQWV, FoS\ULgKW, 
WUDGHPDUN DQG LQGXVWULDl GHVLgQ� 
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2XU lLWHUDWXUH UHYLHZ DGGUHVVHV WKH PHWKoGologLFDl 
LVVXH oI WKH HYDlXDWLoQ oI 8,* UHlDWLoQV �EoWK ELlDWHUDl 
DQG WULlDWHUDl� E\ FHQWHULQg oQ H[LVWLQg LQGLFDWoUV� 7KH 
2(&'¶V gloVVDU\ oQ HYDlXDWLoQ [7] GHILQHV DQ LQGLFDWoU 
DV D ³ TXDQWLWDWLYH oU TXDlLWDWLYH IDFWoU oU YDULDElH WKDW 
SUoYLGHV D V LPSlH DQG UHlLDElH PHDQV Wo PHDVXUH 
DFKLHYHPHQW, Wo UHIlHFW WKH FKDQgHV FoQQHFWHG Wo DQ 
LQWHUYHQWLoQ, oU Wo KHlS DVVHVV WKH SHUIoUPDQFH oI D 
GHYHloSPHQW DFWoU�´ $Q LQGLFDWoU H[SlLFLWl\ oU LPSlLFLWl\ 
GHVFULEHV WKH oEMHFWLYHV oI WKH HYDlXDWLoQ LQ WHUPV oI 

WDUgHW gUoXS�V� �ZKo�, WLPHIUDPH �ZKHQ�, LQWHUYHQWLoQ 
DUHD �ZKHUH�, TXDQWLW\ 	 TXDlLW\ �KoZ PXFK� HWF� 7KH 
LQVLgKWIXl GLVFXVVLoQ LQ ³$ 0HWKoGologLFDl 3HUVSHFWLYH 
oQ WKH (YDlXDWLoQ oI WKH 3UoPoWLoQ oI 
8QLYHUVLW\±,QGXVWU\±*oYHUQPHQW 5HlDWLoQV´ [8] VKHG 
VoPH lLgKW oQ WKH LVVXHV SoLQWLQg Wo WKH FoPSlH[LW\ oI WKH 
DVVHVVPHQW DQG WKH LPSoUWDQFH oI PHDVXULQg IDLlXUH� 

,Q D EDVLF FlDVVLILFDWLoQ, LQGLFDWoUV FDQ EH GLYLGHG LQWo 
GLUHFW DQG LQGLUHFW oQHV� 8QIoUWXQDWHl\, gLYHQ WKH 
FoPSlH[LW\ oI 8,* UHlDWLoQVKLS, Qo GLUHFW LQGLFDWoUV DUH 
UHDGLl\ DYDLlDElH� $ll LQGLFDWoUV VXFK DV WUDGLWLoQDl LQSXW 
DQG oXWSXW GDWD oQl\ SDUWLDll\ DQG LQGLUHFWl\ UHIlHFW 
FKDQgHV H[HUWHG oQ oU FDXVHG E\ WKH VXE V\VWHP� 
KoZHYHU, LQGLUHFW LQGLFDWoUV DUH LQGLVSHQVDElH LQ WKH 
PHDQLQgIXl ZoUN oI HYDlXDWLoQ�  

,QSXW�oXWSXW GDWD LQGLFDWHV ZKDW DUH XVHG DQG 
SUoGXFHG UHVSHFWLYHl\ E\ D V\VWHP oU DFWoU DQG 
LQSXW�oXWSXW UDWLo FDQ EH D VLPSlH PHDVXUH oI LWV 
HIILFLHQF\ ZKLlH WKUoXgKSXW SUo[\ UHIlHFWV LWV SUoFHVVLQg 
DELlLW\ �H�g� WKH DYHUDgH QXPEHU oI FDVHV GHDlW ZLWK E\ D 
772 HYHU\ PoQWK DQG WKH UDWH oI oFFXUUHQFH oI 
LQWHUDFWLoQ WKUoXgK D FHUWDLQ W\SH oI PHFKDQLVP�FKDQQHl�� 
,QSXW DQG oXWSXW FDQ EH LQ WKH VDPH IoUP �H�g� PoQHWDU\ 
DQG ,35�UHlDWHG� DQG ZKDW LV H[SHFWHG Wo FKDQgH LV WKH 
YDlXH DGGHG� :KLlVW oXWSXW LV WKH GLUHFW UHVXlW oI DQ 
LQWHUYHQWLoQ, oXWFoPH�LPSDFW LV WKH PLG�loQg WHUP UHVXlW 
DQG WKXV LWV PHDVXUH LV PoUH GHPDQGLQg� EoWK 
SHUIoUPDQFH LQGLFDWoUV VKoXlG EH WDNHQ LQWo DFFoXQW 
ZKHQ WKH HIIHFWLYHQHVV oI WKH 8,* UHlDWLoQVKLS LV gDXgHG�  

7DElH 2 VKoZV D VHW oI H[LVWLQg LQGLFDWoUV oI LQSXW, 
oXWSXW DQG oXWFoPH�LPSDFW� )oU H[DPSlH, LQSXW 
LQGLFDWoUV LQFlXGH KXPDQ, ILQDQFLDl, DQG FoPPHUFLDl 
UHVoXUFHV� 2QH oI WKH UHDVoQV WKHVH LQSXW, oXWSXW DQG 
oXWFoPH LQGLFDWoUV DUH ZLGHl\ XVHG LV WKDW DlPoVW Dll oI 
WKHP DUH TXDQWLWDWLYH LQGLFDWoUV ZKLFK FDQ EH HDVLl\ 
FDlFXlDWHG IUoP UHDGLl\ DYDLlDElH GDWDEDVHV� 
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,QGLFDWoUV UHlHYDQW Wo ELlDWHUDl 8,* UHlDWLoQV �PoVW oI 
ZKLFK DUH DlVo DSSlLFDElH LQ WULlDWHUDl 8,* UHlDWLoQV 
DVVHVVPHQW� DlVo LQFlXGH WKoVH oI WHFKQolog\ oU 
NQoZlHGgH WUDQVIHU IUoP SXElLF VHFWoU Wo LQGXVWU\ �H�g� 
lLFHQVLQg DQG VSLQ�oII�� ,W LV SUoSoVHG WKDW SUoFHVV 
LQGLFDWoUV VKoXlG EH IXUWKHU GHYHloSHG Wo FoPSlHPHQW 
LQSXW�oXWSXW LQGLFDWoUV oI WHFKQolog\ WUDQVIHU [9]� 
)DXlNQHU, :� DQG -� 6HQNHU [10] VXggHVWHG D VHW oI 
FoPSUHKHQVLYH XVHIXl LQGLFDWoUV IoU HYDlXDWLQg 
LQGXVWU\�365 lLQNDgH LQ WHUPV oI LQWHQVLW\, FKDQQHlV, 

PoWLYDWLoQV DQG EHQHILWV oI WKH FUoVV�VSKHUH UHlDWLoQ E\ 
HPSlo\LQg WKH FoQFHSW oI VFLHQWLILF DQG WHFKQologLFDl 
LQSXWV �67,� oU NQoZlHGgH IloZV �7DElH 3�� 
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&oQFHUQLQg WKH HYDlXDWLoQ oI 8,* WULlDWHUDl UHlDWLoQV, 
LW LV ZoUWK PHQWLoQLQg WKH WULSlH KHlL[ LQGLFDWoU WKDW LV WKH 
PXWXDl LQIoUPDWLoQ �D FoQFHSW LQ HQWUoS\ VWDWLVWLFV� 
DPoQg WKH WKUHH VSKHUHV [11]� 7KH WULSlH KHlL[ LQGLFDWoU LV 
D UHlDWLoQDl SUo[\ PHDVXULQg WKH LQWHQVLW\ oI UHlDWLoQV H�g� 
WKHLU LQWHUDFWLoQ LQ SXElLFDWLoQ DFWLYLWLHV DV PHDVXUHG E\ 
FoDXWKoUVKLS DQG Fo�oFFXUUHQFH�Fo�ZoUG UHlDWLoQV LQ 
SDWHQW IXll WH[WV oU oQ WKH ,QWHUQHW [12]� 5HFHQWl\, D QHZ 
DSSUoDFK oI gUDSKLFDl PoGHlLQg EDVHG oQ SDUWLDl 
FoUUHlDWLoQ IoU VWXG\LQg 8,* UHlDWLoQVKLSV DQG 
UHlDWLoQVKLSV ZLWK oWKHU VSKHUHV XVLQg SXElLFDWLoQ GDWD 
KDV EHHQ SUoSoVHG, ZKLFK gLYHV UHVXlWV WKDW DUH FoQVLVWHQW 
ZLWK WULSlH KHlL[ LQGLFDWoU [13]� 
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7KHUH DUH DlVo VHYHUDl lLPLWDWLoQV FoQFHUQLQg FXUUHQW 
HYDlXDWLoQ PHWKoGV ZKLFK SUoYLGH UooP IoU WKH XVH DQG 
GHVLgQ oI SoWHQWLDl QHZ SUo[LHV�  

)LUVWl\, H[LVWLQg LQSXW SUo[LHV �H�g� UHVHDUFK gUDQWV DQG 
LQGXVWULDl IXQGLQg� KDYH DSSDUHQW UHVWULFWLoQV IoU EHLQg 
FoQFHUQHG ZLWK LQWHQW UDWKHU WKDQ VXFFHVV [1�]� 
)XUWKHUPoUH, PoUH DWWHQWLoQ VKoXlG EH SDLG Wo SoWHQWLDl 
LQGLFDWoUV oI LQSXW, oXWSXW DQG oXWFoPH�LPSDFW ZKLFK 
FDQ FoPSlHPHQW H[LVWLQg oQHV DQG KHlS PDNH D IXll 
SLFWXUH oI 8,* lLQNDgH DVVHVVPHQW� 7DElH � VXggHVWV D 
VPDll VHW oI SoWHQWLDl oU HPHUgLQg LQGLFDWoUV oI LQSXW, 
oXWSXW DQG oXWFoPH ZKLFK DUH VHlGoP HPSlo\HG PDLQl\ 
GXH Wo WKH GLIILFXlW\ LQ GDWD FollHFWLoQ� 6XEMHFWLYH VXUYH\ 
LQVWHDG oI oEMHFWLYH PHDVXUH VKoXlG EH D E HWWHU ZD\ oI 
GDWD FDSWXUH ZKHQ WKHVH LQGLFDWoUV DUH XVHG� )oU H[DPSlH, 

LQ WKH FDVH oI oXWSXW LQGLFDWoU NQoZ�KoZ, D VXUYH\ oQ LWV 
YDlXH EDVHG oQ WKH VXEMHFWLYH MXGgPHQW oI SUoMHFW 
PDQDgHUV �H�g� WKoVH oI XQLYHUVLW\�LQGXVWU\ FollDEoUDWLYH 
SUoMHFWV� VKoXlG EH D IHDVLElH DSSUoDFK� 1oWZLWKVWDQGLQg, 
LQ WKH FDVH oI oXWFoPH LQGLFDWoUV, PHDVXULQg loQg�WHUP 
oXWFoPHV�LPSDFWV FDQ EH PoVW FKDllHQgLQg� )oU H[DPSlH, 
LQ WKH FDVH oI HFoQoPLF LPSDFW UHVXlWHG IUoP 8,* 
lLQNDgH VXFK DV WKH VFDlH oU SoWHQWLDl oI QHZ PDUNHW 
FUHDWHG, WKH DPoXQW oI FoVW UHGXFWLoQ, WKH QXPEHU oI QHZ 
MoEV gHQHUDWHG DQG WD[ UHYHQXH LQFUHDVH, oU LQ WKH FDVH oI 
VoFLDl FDSLWDl, LQQoYDWLoQ UHlDWHG QHWZoUNV DQG PoELlLW\ 
oI SHUVoQQHl DFUoVV VSKHUHV, WKH GDWD oI WKHVH SoWHQWLDl 
SUo[LHV FDQQoW EH HDVLl\ GHULYHG GXH Wo WKH loQg WLPH 
VSDQ� 

 
7$%/( �  

327(17,$/�(0(5*,1* ,1',&$7256 2) ,1387, 287387 $1' 
287&20(�,03$&7  

,QSXW 2XWSXW 2XWFoPH�LPSDFW 

7LPH, 6oFLDl 
FDSLWDl, 

*oYHUQPHQW 
SoZHU 

�SUogUDPPDWLF 
LQFHQWLYHV, WD[ 

FUHGLW HWF� 

.QoZ�KoZ, 
6HFUHF\, 
6HUYLFHV, 

*UDGXDWHV �H�g� 
1o� oI FDUHHU 

VWXGHQWV�, 
&ooSHUDWLYH 

UHVHDUFK FHQWHUV 

(FoQoPLF �QHZ PDUNHW, FoVW 
FXW, QHZ MoEV, WD[ UHYHQXH�, 
6oFLDl FDSLWDl, LQQoYDWLoQ 

UHlDWHG QHWZoUNV DQG PoELlLW\ 
oI SHUVoQQHl DFUoVV VSKHUHV, 
(GXFDWLoQ, (QWUHSUHQHXULDl 
FXlWXUH, 3olLWLFDl �H�g� QHZ 
SolLFLHV�, ,QGLYLGXDl FDUHHU 
SUoPoWLoQ DQG UHSXWDWLoQ, 

2UgDQL]DWLoQDl LPDgH, 
&oPSHWLWLYHQHVV, &DSDFLW\ 

EXLlGLQg 
6oXUFH� DXWKoUV¶ HlDEoUDWLoQV 

 
6HFoQGl\, ,QSXW, oXWSXW DQG oXWFoPH LQGLFDWoUV 

VXggHVW WKH lLQHDU LQQoYDWLoQ PoGHl ZKLFK LV ZLGHl\ 
GLVDSSUoYHG [15]� ,Q UHDlLW\, 8,* DFWoUV DUH PoUH lLNHl\ 
Wo LQWHUDFW UHIlH[LYHl\ ZLWKLQ WKH IUDPHZoUN oI WKH )LIWK 
*HQHUDWLoQ LQQoYDWLoQ PoGHl [1�]� 7KHUHIoUH, HYDlXDWoUV 
VKoXlG DlVo FoQVLGHU WKH IolloZLQg LQQoYDWLoQ SUoFHVV 
DUHQDV LQ ZKLFK WKH LQWHUDFWLoQ oFFXUV, NHHSLQg LQ PLQG 
WKDW )LIWK *HQHUDWLoQ LQQoYDWLoQ PoGHl LV FKDUDFWHUL]HG 
E\ QoQ�lLQHDULW\, IHHG�EDFN looSV, DQG FUoVV�IXQFWLoQDlLW\ 
�DV ZHll DV LQWHUGLVFLSlLQDULW\ DQG LQQoYDWLoQ QHWZoUNLQg� 
ZKLFK PHDQV WKDW DQ\ DUHQD FDQ lHDG Wo DQ\ oWKHU oQH 
ZLWKoXW IolloZLQg WKH WUDGLWLoQDl oUGHU� 

� %DVLF UHVHDUFK 
� $SSlLHG UHVHDUFK 
� 'HVLgQ UHVHDUFK 
� 'HYHloSPHQW UHVHDUFK 
� 0DUNHWLQg UHVHDUFK 
� 0DQXIDFWXULQg UHVHDUFK 
� « 

7KLUGl\, WKHUH LV D lDFN oI DVVHVVPHQW oI 8,* WULlDWHUDl 
UHlDWLoQV� 3UHVHQW LQGLFDWoUV �H�g� WULSlH KHlL[ LQGLFDWoU� 
GHGLFDWHG Wo PHDVXUH 8,* WULlDWHUDl UHlDWLoQV IoFXV oQ 
�WKoXgK QoW H[FlXVLYHl\� oQ FoDXWKoUVKLS, ZKLFK DUH 
lLPLWHG LQ XVH� ,W LV QHFHVVDU\ Wo H[DPLQH WKHLU WULlDWHUDl 
UHlDWLoQV LQ oWKHU LQQoYDWLoQ DFWLYLWLHV VXFK DV SDWHQWLQg 
DQG FooSHUDWLYH 5	' SUoMHFW� 7KoVH LQGLFDWoUV XVHG Wo 
HYDlXDWH ELlDWHUDl UHlDWLoQV ZLll DlVo EH KHlSIXl LQ 
PHDVXULQg WULlDWHUDl lLQNDgH�  
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)oXUWKl\, ZH DUgXH WKDW WKH IolloZLQg LQGLFDWoUV oI 
FoQWH[W VKoXlG EH UHIlHFWHG�  

� EcoQomic coQWe[W� )oU H[DPSlH, LQ WKH 
EDFNgUoXQG oI HFoQoPLF FULVLV XQVXFFHVVIXl 
8,* UHlDWLoQV FDQQoW MXVW EH DWWULEXWHG Wo 
LQHIIHFWLYH LQWHUDFWLoQ� 'HPDQG FoQGLWLoQV DQG 
PDUNHW SoWHQWLDl IoU MoLQW 5	' DQG LQWHQVLW\ oI 
FoPSHWLWLoQ LQ DQ LQGXVWU\ DlVo DIIHFW DFWoUV¶ 
�HVS� ILUPV¶� PoWLYDWLoQV Wo HVWDElLVK 
FUoVV�VSKHUH lLQNDgH� 

� 3oliWical coQWe[W� 6XSSoUWLQg lHgDl IUDPHZoUN 
DQG SolLFLHV oQ ,35 SUoWHFWLoQ, FooSHUDWLYH 
5	' DQG WHFKQolog\ WUDQVIHU LV YLWDl� 

� 7ecKQoloJical coQWe[W� H[LVWLQg NQoZlHGgH EDVH 
�WDFLW DQG FoGLILHG� LQIlXHQFHV VHlHFWLoQ oI 
SDUWQHUV DQG QHgoWLDWLoQ SoZHU� 

� 6ocial coQWe[W� )oU H[DPSlH, WKH DWWLWXGHV oI 
SXElLF VHFWoU UHVHDUFKHUV WoZDUGV 
FoPPHUFLDlL]DWLoQ�  

� +isWoUical coQWe[W� L�H� KLVWoU\ oI 8,* 
UHlDWLoQVKLS 

)LIWKl\, ZH SXW IoUWK LQGLFDWoUV oI WKH V\VWHP SHU VH� 
)oU H[DPSlH, LW LV DlVo PHDQLQgIXl Wo GLIIHUHQWLDWH 
GLIIHUHQW VFoSHV E\ DVNLQg ³:KDW LV WKH lHYHl oI 
LQQoYDWLoQ V\VWHP LQ ZKLFK WKH 8,* VSKHUHV LQWHUSlD\" 
6XSUDQDWLoQDl, QDWLoQDl, UHgLoQDl, VHFWoUDl, oU loFDl lHYHl 
LQQoYDWLoQ V\VWHP" +oZ LV WKH lLQNDgH oUgDQL]HG DQG 
PDQDgHG" :Ko lHDGV"´ 7KH FKDUDFWHULVWLFV oI 8,* DQG 
VXSSoUWLQg DFWoUV FDQ EH YDlXDElH SUo[LHV Woo, H�g� WKH 
VL]H DQG UHSXWDWLoQ� 

6L[WKl\, PoUH LQGLFDWoUV oI PoWLYDWLoQV DQG LQWHUDFWLoQ 
PHFKDQLVPV VKoXlG EH FUHDWHG DV WKH 8,* UHlDWLoQVKLSV 
XQGHUgo FoQWLQXoXV WUDQVIoUPDWLoQ ZKLFK gHQHUDWHV QHZ 
PoWLYHV DQG FKDQQHlV� ,QGLFDWoUV oI IULFWLoQV, EDUULHUV DQG 
IDLlXUHV oI WKH UHlDWLoQVKLS DUH YDlXDElH Woo� 

)LQDll\, D V\VWHPDWLF DG KoF LQGLFDWoU IUDPHZoUN IoU 
HYDlXDWLQg 8,* UHlDWLoQVKLS KDV KLWKHUWo EHHQ QoW 
HVWDElLVKHG� $Q DWWHPSW Wo PDNH VXFK D FoQWULEXWLoQ 
VKoXlG LQFoUSoUDWH SUo[LHV oI FoQWH[W, V\VWHP, 
PoWLYDWLoQV, LQSXW, PHFKDQLVP, oXWSXW DQG oXWFoPH oI 
8,* lLQNDgH LQWo WKH IUDPHZoUN� 

 

�� &21&/86,216 
7KLV SDSHU PDGH D FULWLFDl UHYLHZ oI FXUUHQW LQGLFDWoUV 

IoU HYDlXDWLQg 8,* UHlDWLoQV DQG GLVFXVVHV WKH 
oULHQWDWLoQV IoU WKH GHVLgQ oI SoWHQWLDl QHZ LQGLFDWoUV 
WKDW PD\ FoPSlHPHQW H[LVWLQg oQHV� :H VXggHVW D VPDll 
VHW oI SoWHQWLDl oU HPHUgLQg LQGLFDWoUV oI LQSXW, oXWSXW 
DQG oXWFoPH DQG SoLQW Wo WKH QHHG oI LQFUHDVLQg WKH 
DVVHVVPHQW oI 8,* WULlDWHUDl UHlDWLoQV DV ZHll DV 
FoQVWUXFWLQg LQGLFDWoUV oI FoQWH[W, WKH V\VWHP SHU VH, 
PoWLYDWLoQV DQG PHFKDQLVPV DQG HWF� 

7KH LPSlLFDWLoQ LV WKDW SolLF\�PDNHUV DQG HYDlXDWoUV 
VKoXlG UHFogQL]H WKH FoPSlH[ DQG G\QDPLF QDWXUH oI WKH 
WDVN oI DVVHVVLQg 8,* UHlDWLoQVKLS DQG DGDSW Wo 
DlWHUDWLoQV oI VLWXDWLoQV E\ HQFoXUDgLQg WKH XVH DQG 
GHVLgQ oI SoWHQWLDl QHZ LQGLFDWoUV DQG HPSlo\LQg V\VWHP 

WKLQNLQg WKDW FoQVLGHUV Dll SoVVLElH IDFWoUV� )oU LQVWDQFH, 
HYDlXDWoUV VKoXlG FoQVLGHU WKH LQQoYDWLoQ SUoFHVV DUHQDV 
LQ ZKLFK WKH LQWHUDFWLoQ oFFXUV, NHHSLQg LQ PLQG WKH )LIWK 
*HQHUDWLoQ LQQoYDWLoQ PoGHl� 

7KH QH[W VWHS oI oXU UHVHDUFK LV Wo EXLlG D V\VWHPDWLF 
DG KoF LQGLFDWoU IUDPHZoUN IoU HYDlXDWLQg 8,* 
UHlDWLoQVKLSV �HQFoPSDVVLQg EoWK WULlDWHUDl DQG ELlDWHUDl 
W\SHV� E\ WDNLQg LQWo DFFoXQW oI SUo[LHV oI FoQWH[W, 
V\VWHP, PoWLYDWLoQV, LQSXW, PHFKDQLVP, oXWSXW DQG 
oXWFoPH oI 8,* lLQNDgH�  

 

5()(5(1&(6 
[1] +� (W]NoZLW] 㸪 /� /H\GHVGoUII� 7KH 7ULSlH 

+HlL[���8QLYHUVLW\�,QGXVWU\�*oYHUQPHQW UHlDWLoQV� D lDEoUDWoU\ IoU 
NQoZlHGgH EDVHG HFoQoPLF GHYHloSPHQW� (DVVW 5HYLHZ㸪1995㸪
1��1�㸸1��19� 

[2] +� (W]NoZLW]㸪/� /H\GHVGoUII� 7KH G\QDPLFV oI LQQoYDWLoQ� IUoP 
1DWLoQDl 6\VWHPV DQG �0oGH 2� Wo D 7ULSlH +HlL[ oI 
XQLYHUVLW\�LQGXVWU\�goYHUQPHQW UHlDWLoQV� 5HVHDUFK SolLF\㸪2000㸪
29�2�㸸109�123� 

[3] 0� 3HUNPDQQ㸪.� :DlVK� 8QLYHUVLW\�LQGXVWU\ UHlDWLoQVKLSV DQG oSHQ 
LQQoYDWLoQ� 7oZDUGV D UHVHDUFK DgHQGD� ,QWHUQDWLoQDl -oXUQDl oI 
0DQDgHPHQW 5HYLHZV㸪2007㸪9���㸸259�280� 

[�] /� /H\GHVGoUII㸪+� (W]NoZLW] �2001� 7KH WUDQVIoUPDWLoQ oI 
XQLYHUVLW\�LQGXVWU\�goYHUQPHQW UHlDWLoQV� (lHFWUoQLF -oXUQDl oI 
6oFLolog\ 5, 1  

[5] %� %o]HPDQ� 7HFKQolog\ WUDQVIHU DQG SXElLF SolLF\� D UHYLHZ oI 
UHVHDUFK DQG WKHoU\� 5HVHDUFK SolLF\㸪2000㸪29���5�㸸�27��5�� 

[�] $� %oQDFFoUVL㸪$� 3LFFDlXgD� $ WKHoUHWLFDl IUDPHZoUN IoU WKH 
HYDlXDWLoQ oI XQLYHUVLW\�LQGXVWU\ UHlDWLoQVKLSV� 5	' 0DQDgHPHQW㸪
199�㸪2��3�㸸229�2�7� 

[7] 2(&'� *loVVDU\ oI .H\ 7HUPV LQ (YDlXDWLoQ DQG 5HVXlWV %DVHG 
0DQDgHPHQW� :oUNLQg SDUW\ oQ $LG HYDlXDWLoQ� 3DULV㸪2002㸪� 

[8] /� /H\GHVGoUII� $ PHWKoGologLFDl SHUVSHFWLYH oQ WKH HYDlXDWLoQ oI 
WKH SUoPoWLoQ oI XQLYHUVLW\�LQGXVWU\�goYHUQPHQW UHlDWLoQV� 6PDll 
%XVLQHVV (FoQoPLFV㸪2003㸪20�2�㸸201�20�� 

[9] (� $XWLo㸪7� /DDPDQHQ� 0HDVXUHPHQW DQG HYDlXDWLoQ oI WHFKQolog\ 
WUDQVIHU� UHYLHZ oI WHFKQolog\ WUDQVIHU PHFKDQLVPV DQG LQGLFDWoUV� 
,QWHUQDWLoQDl -oXUQDl oI 7HFKQolog\ 0DQDgHPHQW, 10㸪1995㸪7�8�㸸
��3����� 

[10] :� )DXlNQHU㸪-� 6HQNHU� 0DNLQg VHQVH oI GLYHUVLW\� SXElLF�SULYDWH 
VHFWoU UHVHDUFK lLQNDgH LQ WKUHH WHFKQologLHV� 5HVHDUFK SolLF\㸪199�㸪
23���㸸�73��95� 

[11] /� /H\GHVGoUII� 7KH PXWXDl LQIoUPDWLoQ oI 
XQLYHUVLW\�LQGXVWU\�goYHUQPHQW UHlDWLoQV� $Q LQGLFDWoU oI WKH 7ULSlH 
+HlL[ G\QDPLFV� 6FLHQWoPHWULFV㸪2003㸪58�2�㸸��5���7� 

[12] /� /H\GHVGoUII 㸪 0� &XUUDQ �2000� 0DSSLQg 
XQLYHUVLW\�LQGXVWU\�goYHUQPHQW UHlDWLoQV oQ WKH ,QWHUQHW� WKH 
FoQVWUXFWLoQ oI LQGLFDWoUV IoU D NQoZlHGgH�EDVHG HFoQoP\� 
&\EHUPHWULFV �,   

[13] <� 6XQ㸪0� 1HgLVKL� 0HDVXULQg WKH UHlDWLoQVKLSV DPoQg XQLYHUVLW\, 
LQGXVWU\ DQG oWKHU VHFWoUV LQ -DSDQ’V QDWLoQDl LQQoYDWLoQ V\VWHP� D 
FoPSDULVoQ oI QHZ DSSUoDFKHV ZLWK PXWXDl LQIoUPDWLoQ LQGLFDWoUV� 
6FLHQWoPHWULFV㸪2010㸪82�3�㸸�77��85� 

[1�] &�+� /DQgIoUG㸪-� +Dll㸪3� -oVW\㸪HW Dl� ,QGLFDWoUV DQG oXWFoPHV oI 
&DQDGLDQ XQLYHUVLW\ UHVHDUFK� 3Uo[LHV EHFoPLQg goDlV" 5HVHDUFK 
SolLF\㸪200�㸪35�10�㸸158��1598� 

[15] 3� 1LgKWLQgDlH� 7HFKQologLFDl FDSDELlLWLHV, LQYLVLElH LQIUDVWUXFWXUH 
DQG WKH XQ�VoFLDl FoQVWUXFWLoQ oI SUHGLFWDELlLW\� WKH oYHUlooNHG IL[HG 
FoVWV oI XVHIXl UHVHDUFK� 5HVHDUFK SolLF\㸪200�㸪33�9�㸸1259�128�� 

[1�] 5� 5oWKZHll� 7oZDUGV WKH ILIWK�gHQHUDWLoQ LQQoYDWLoQ SUoFHVV� 
,QWHUQDWLoQDl PDUNHWLQg UHYLHZ㸪199�㸪11�1�㸸7�31� 
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