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$EVWUDFW

:KLOH UHFHQW ODUJH�VFDOH YLGHR�ODQJXDJH SUH�WUDLQLQJ PDGH JUHDW SURJUHVV LQ YLGHR

TXHVWLRQ DQVZHULQJ� WKH GHVLJQ RI VSDWLDO PRGHOLQJ LV OHVV ILQH�JUDLQHG WKDQ WKDW RI LPDJH�

ODQJXDJH PRGHOV� H[LVWLQJ SUDFWLFHV RI WHPSRUDO PRGHOLQJ DOVR VXIIHU IURPZHDN DQG QRLV\

DOLJQPHQW EHWZHHQ PRGDOLWLHV� 7R OHDUQ ILQH�JUDLQHG YLVXDO XQGHUVWDQGLQJ� ZH GHFRX�

SOH VSDWLDO�WHPSRUDO PRGHOLQJ DQG SURSRVH D K\EULG SLSHOLQH LQWHJUDWLQJ DQ LPDJH� DQG D

YLGHR�ODQJXDJH HQFRGHU� 7KH IRUPHU HQFRGHV VSDWLDO VHPDQWLFV IURP ODUJHU EXW VSDUVHO\

VDPSOHG IUDPHV LQGHSHQGHQWO\ RI WLPH� ZKLOH WKH ODWWHU PRGHOV WHPSRUDO G\QDPLFV DW ORZHU

VSDWLDO EXW KLJKHU WHPSRUDO UHVROXWLRQ� 7R KHOS WKH YLGHR�ODQJXDJH PRGHO OHDUQ WHPSRUDO

UHODWLRQV IRU YLGHR 4$� ZH SURSRVH D QRYHO SUH�WUDLQLQJ REMHFWLYH� 7HPSRUDO 5HIHUULQJ

0RGHOLQJ� ZKLFK UHTXLUHV WKH PRGHO WR LGHQWLI\ WHPSRUDO SRVLWLRQV RI HYHQWV LQ YLGHR VH�

TXHQFHV� ([WHQVLYH DQG GHWDLOHG H[SHULPHQWV GHPRQVWUDWH WKDW RXU PRGHO RXWSHUIRUPV

SUHYLRXV ZRUN WKDW SUH�WUDLQHG RQ RUGHUV RI PDJQLWXGH ODUJHU GDWDVHWV�

.H\ZRUGV� 0DFKLQH /HDUQLQJ� 'HHS /HDUQLQJ� 9LGHR 8QGHUVWDQGLQJ� 6SDWLDO�7HPSRUDO

0RGHOLQJ� 9LGHR 4XHVWLRQ $QVZHULQJ
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&RQWHQWV

3DJH

9HULILFDWLRQ /HWWHU IURP WKH 2UDO ([DPLQDWLRQ &RPPLWWHH LL

$FNQRZOHGJHPHQWV LLL

ᐜϺ Y

$EVWUDFW YLL

&RQWHQWV L[

/LVW RI )LJXUHV [LLL

/LVW RI 7DEOHV [Y

&KDSWHU � ,QWURGXFWLRQ �

&KDSWHU � 5HODWHG :RUN �

��� 9LGHR 4XHVWLRQ $QVZHULQJ � � � � � � � � � � � � � � � � � � � � � � � �

��� 3UH�WUDLQLQJ IRU 7HPSRUDO 5HODWLRQ 0RGHOLQJ � � � � � � � � � � � � � �

����� /HDUQLQJ IURP *OREDO $OLJQPHQW� � � � � � � � � � � � � � � � � � � �

����� /HDUQLQJ IURP /RFDO $OLJQPHQW DQG )UDPH 2UGHULQJ� � � � � � � � � �

����� /HDUQLQJ IURP /DUJH�6FDOH 9LGHR 4XHVWLRQ $QVZHULQJ 'DWDVHWV� � � �

��� (QFRGLQJ 0RWLRQ DQG $SSHDUDQFH � � � � � � � � � � � � � � � � � � � �

&KDSWHU � 0HWKRG �

��� 'HFRXSOHG 6SDWLDO�7HPSRUDO (QFRGHUV � � � � � � � � � � � � � � � � � �
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����� ,PDJH�/DQJXDJH (QFRGLQJ� � � � � � � � � � � � � � � � � � � � � � � ��

����� 9LGHR�/DQJXDJH (QFRGLQJ� � � � � � � � � � � � � � � � � � � � � � � ��

����� $QVZHU 6HOHFWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7HPSRUDO 5HIHUULQJ 0RGHOLQJ � � � � � � � � � � � � � � � � � � � � � ��

&KDSWHU � ([SHULPHQWV ��

��� 3UHOLPLQDU\ $QDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� (QFRGLQJ 6SDWLDO 6HPDQWLFV � � � � � � � � � � � � � � � � � � � � � � ��

����� 0RGHOLQJ 7HPSRUDO 5HODWLRQVKLSV � � � � � � � � � � � � � � � � � � ��

��� 9LGHR 4XHVWLRQ $QVZHULQJ � � � � � � � � � � � � � � � � � � � � � � � ��

��� $EODWLRQ 6WXGLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&KDSWHU � &RQFOXVLRQ ��

5HIHUHQFHV ��

$SSHQGL[ $ ² ,PSOHPHQWDWLRQ 'HWDLOV ��

$�� 0RGHO $UFKLWHFWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � ��

$�� 9LGHR�/DQJXDJH 3UH�WUDLQLQJ � � � � � � � � � � � � � � � � � � � � � � ��

$���� 'HWDLOV RI 4XHVWLRQ DQG9LGHR 6\QWKHVLV IRU 7HPSRUDO 5HIHUULQJ0RG�

HOLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

$���� $X[LOLDU\ 2EMHFWLYH ZLWK &RQWUDVWLYH /HDUQLQJ � � � � � � � � � � � � ��

$���� 3UH�WUDLQLQJ 'DWDVHWV � � � � � � � � � � � � � � � � � � � � � � � � � ��

$�� 2SWLPL]DWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

$SSHQGL[ % ² ([SHULPHQW 'HWDLOV ��

%�� 'HWDLOV RI 7HPSRUDO 0RGHOLQJ $QDO\VLV � � � � � � � � � � � � � � � � ��

%�� 3UH�WUDLQLQJ 'DWD 8VHG E\ 3ULRU $SSURDFKHV � � � � � � � � � � � � � � ��

[
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%�� )XOO 5HVXOWV DQG $QDO\VLV RQ $*4$ ��� � � � � � � � � � � � � � � � � ��

%���� )XOO 5HVXOWV RI 7HPSRUDO 0RGHOLQJ $QDO\VLV � � � � � � � � � � � � � ��

%���� )XOO 5HVXOWV DQG $QDO\VLV RI 2XU 0HWKRG � � � � � � � � � � � � � � � ��

%���� )XOO 5HVXOWV RI $EODWLRQ 6WXG\ RI (QFRGLQJ 6WUHDPV � � � � � � � � � ��
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/LVW RI )LJXUHV

��� &RPSDULVRQ EHWZHHQ �D� SUHYLRXV DQG �E��F� RXU DSSURDFKHV IRU YLGHR 4$�

�D� 3ULRU ZRUN VROYHG YLGHR 4$ E\ YLGHR�ODQJXDJH SUH�WUDLQLQJ EXW PLJKW

VXIIHU IURP ODFN RI HYHQW GHWDLOV� YLGHR�WUDQVFULSW PLVDOLJQPHQW RU OLPLWHG

GLYHUVLW\ RI SUH�WUDLQLQJ TXHVWLRQV� �E� :H SUH�WUDLQ D YLGHR�ODQJXDJH HQ�

FRGHU WR OHDUQ HYHQW UHSUHVHQWDWLRQV DQG WHPSRUDO UHODWLRQV EHWZHHQ WKHP

E\ DVNLQJ WKH PRGHO WR LGHQWLI\ VSHFLILF HYHQWV LQ V\QWKHVL]HG YLGHR VH�

TXHQFHV� �F� :H LQWHJUDWH WKH YLGHR�ODQJXDJH PRGHO ZLWK D SUH�WUDLQHG

LPDJH�ODQJXDJHPRGHO WR HQFRGH ILQH�JUDLQHG VSDWLDO DQG WHPSRUDO VHPDQ�

WLFV DW GLIIHUHQW VSDWLDO�WHPSRUDO UHVROXWLRQV� � � � � � � � � � � � � � � � � �

��� 2XU YLGHR 4$ SLSHOLQH� (QFRGHG TXHVWLRQV DUH IXVHG ZLWK IUDPHV DQG

YLGHRV WR JDWKHU VSDWLDO DQG WHPSRUDO LQIRUPDWLRQ� 7KHLU UHSUHVHQWDWLRQV

DUH WKHQ FRPSDUHG ZLWK DQVZHU FDQGLGDWHV WR REWDLQ WKH ILQDO SUHGLFWLRQV�

� PDUNV WKH IUR]HQ PRGXOHV�� � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7HPSRUDO 5HIHUULQJ 0RGHOLQJ� ZKLFK DVVRFLDWHV YLVXDO HYHQWV DQG WKHLU

WHPSRUDO UHODWLRQVKLSV ZLWK ODQJXDJHV E\ DVNLQJ DEVROXWH DQG UHODWLYH SR�

VLWLRQV RI HYHQWV LQ FRQFDWHQDWHG YLGHR IHDWXUHV VDPSOHG IURP YLGHR FDS�

WLRQLQJ GDWD� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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/LVW RI 7DEOHV

��� &RPSDULVRQ EHWZHHQ SULRU PHWKRGV DQG RXU XSSHU ERXQG RI $FWLYLW\1HW�

4$ E\ TXHVWLRQ W\SH� $/%() H[KLELWV DGYDQWDJHV RQ WKH TXHVWLRQV LQ�

YROYLQJ VSDWLDO UHDVRQLQJ� �5HO� LV VKRUW IRU 5HODWLRQVKLSV� DQG 8% LV WKH

DEEUHYLDWLRQ IRU XSSHU ERXQG�� � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5HVXOWV RI SULRU ZRUN WDNLQJ VKXIIOHG IUDPHV DV LQSXW� 7KH OLWWOH SHUIRU�

PDQFH GURS LQGLFDWHV WKDW VRPH PHWKRGV DUH QRW VHQVLWLYH WR WKH RUGHU RI

IUDPHV� � VLJQLILHV WKDW LQSXW IUDPHV DUH VKXIIOHG� :H UHSRUW WKH DYHUDJH

RI WKUHH UHVXOWV IRU WKH VKXIIOH H[SHULPHQW�� � � � � � � � � � � � � � � � � � ��

��� &RPSDULVRQ ZLWK SUHYLRXV PHWKRGV RQ $FWLYLW\1HW�4$� :H RXWSHUIRUP

DOO PHWKRGV ZLWK VLJQLILFDQWO\ OHVV SUH�WUDLQLQJ GDWD� 7KH GDWDVHW QDPHV

DUH SURYLGHG LQ WKH VXSSOHPHQW� �LPJ� LPDJHV� YLG� YLGHRV�� � � � � � � � ��

��� &RPSDULVRQ ZLWK SULRU PHWKRGV RQ $FLYLW\1HW�4$ E\ TXHVWLRQ W\SH� :H

SHUIRUP FRPSDUDEO\ LQ TXHVWLRQ W\SHV RI VSDWLDO LQIRUPDWLRQ DQG LPSURYH

WHPSRUDO PRGHOLQJ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RPSDULVRQ ZLWK SULRU ZRUN RQ $*4$ ���� :H OLVW WKH EHVW SHUIRUPDQFH

DPRQJ PHWKRGV ZLWKRXW �%HVW Z�R 37� DQG ZLWK SUH�WUDLQLQJ �%HVW Z� 37�

IRU HDFK TXHVWLRQ W\SH� 2XUV H[FHHGV DOO PHWKRGV LQ DOO TXHVWLRQ W\SHV�

�5HO�� 5HODWLRQVKLSV� &RPSDU�� &RPSDULVRQ� 5HFRJ�� 5HFRJQLWLRQ�� � � � ��

��� $EODWLRQ VWXG\ RI LQSXW PRGDOLWLHV DQG SUH�WUDLQLQJ VWUDWHJLHV RQ $*4$

���� 7KH UHVXOWV IDYRU RXU K\EULG SLSHOLQH DQG 750� �!PHDQV WKH PRGDO�

LW\ LV SUHVHQWHG� 94$� SUHWUDLQHG RQ 94$� 750� SUH�WUDLQHG ZLWK 750�

� VKXIIOHG LQSXW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $EODWLRQ VWXG\ RI WZR HQFRGLQJ VWUHDPV RQ $*4$ ���� � � � � � � � � � � ��
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$�� +\SHUSDUDPHWHUV IRU WKH DUFKLWHFWXUH� � � � � � � � � � � � � � � � � � � � ��

$�� +\SHUSDUDPHWHUV IRU SUH�WUDLQLQJ �3UH�7UDLQ�� $FWLYLW\1HW�4$ �$FW4$��

DQG $*4$ ��� �$*4$�� %DVH� WKH TXHVWLRQ� LPDJH� DQG LPDJH�ODQJXDJH

HQFRGHU� 9LGHR� WKH YLGHR DQG YLGHR�ODQJXDJH HQFRGHU� $QV� WKH DQVZHU

HQFRGHU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

%�� 5HVXOWV RI 9,2/(7 WDNLQJ VKXIIOHG IUDPHV DV LQSXW RQ WKH TXHVWLRQV RI

6WDWH 7UDQVLWLRQ RI 7*,)�4$� � VLJQLILHV WKDW LQSXW IUDPHV DUH VKXIIOHG�

:H UHSRUW WKH DYHUDJH RI WKUHH UHVXOWV IRU WKH VKXIIOH H[SHULPHQW�� � � � � � ��

%�� 5HDVRQLQJ W\SHV DQG H[DPSOHV RI WKHLU WHPSODWHV RI $*4$ ���� � � � � � ��

%�� )XOO UHVXOWV RI WKH SUHOLPLQDU\ DQDO\VLV RI WHPSRUDO PRGHOLQJ RQ $*4$

���� � PHDQV VKXIIOHG LQSXW� :H UHSRUW WKH UHVXOW RI RQH H[SHULPHQW�� � � ��

%�� )XOO UHVXOWV RI RXU PHWKRG RQ $*4$ ��� ZLWK DEODWLRQ RI FRPSRQHQWV

DQG SUH�WUDLQLQJ VWUDWHJLHV� �7� TXHVWLRQV� )� IUDPHV� )� IUDPHV ZLWK WKH

LPDJH�ODQJXDJH HQFRGHU SUH�WUDLQHG RQ 94$� 9� YLGHRV� 9� YLGHRV ZLWK

WKH YLGHR�ODQJXDJH HQFRGHU SUH�WUDLQHG ZLWK 750� � VKXIIOHG YLGHR LQSXWV�� ��

%�� )XOO UHVXOWV RI WKH DEODWLRQ VWXG\ RQ WZR HQFRGLQJ VWUHDPV� �,/� LPDJH�

ODQJXDJH HQFRGHU� 9/� YLGHR�ODQJXDJH HQFRGHU�� � � � � � � � � � � � � � ��
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&KDSWHU � ,QWURGXFWLRQ

9LGHRV DUH WKH FRPSOH[ FRPSRVLWLRQ RI KXPDQ DFWLRQV� REMHFWV� VFHQHV� DQG WKHLU

LQWHUDFWLRQV RYHU WLPH� 7R H[DPLQH WKH FDSDELOLW\ RI PDFKLQHV IRU YLGHR XQGHUVWDQGLQJ�

YLGHR TXHVWLRQ DQVZHULQJ �YLGHR 4$�� D WDVN RI DQVZHULQJ TXHVWLRQV DERXW YLGHRV� LV SUR�

SRVHG DQG UHTXLUHV PDFKLQHV WR DVVRFLDWH TXHVWLRQV LQ QDWXUDO ODQJXDJHV ZLWK YLVXDO FRQ�

WHQWV� LQFOXGLQJ VFHQHV >��� ��@� GLDORJXHV >�� ��@� WHPSRUDO UHODWLRQVKLSV >��� ��� ��� ��@�

DQG KLJKHU�RUGHU FRJQLWLRQ >��� ��� ��@� 5HFHQW EUHDNWKURXJKV ZHUH DFKLHYHG E\ SUH�

WUDLQLQJ D GHHS PXOWL�PRGDOLW\ HQFRGHU� PRVWO\ 7UDQVIRUPHU >��@� ZLWK ODUJH�VFDOH YLGHR�

ODQJXDJH GDWDVHWV >�� ��� ��@� 0RGHOV ILUVW OHDUQHG VHPDQWLF FRQQHFWLRQV EHWZHHQ YLVXDO

DQG OLQJXLVWLF FRQWHQWV DQG WKHQ ZHUH ILQH�WXQHG RQ GRZQVWUHDP YLGHR�ODQJXDJH WDVNV

>��� ��� ��� ��� ��@�

'HVSLWH WKH DGYDQFH RI WKLV IUDPHZRUN LQ YLGHR 4$� WKH VSDWLDO VHPDQWLFV HQFRG�

LQJ RI YLGHR�ODQJXDJH �9/� PRGHOV LV QRW DV ILQH�JUDLQHG DV WKH VRSKLVWLFDWHG GHVLJQ IRU

LPDJH�ODQJXDJH �,/� PRGHOV >�� ��� ��@� $ SUHOLPLQDU\ DQDO\VLV VKRZV WKDW RQ YLGHR 4$

EHQFKPDUNV HQWDLOLQJ VSDWLDO DQG WHPSRUDO NQRZOHGJH� VLPSO\ DYHUDJLQJ IUDPH�E\�IUDPH

SUHGLFWLRQV RI DQ ,/PRGHO FDQ VRPHWLPHV RXWSHUIRUP VWDWH�RI�WKH�DUW 9/PRGHOV� 7KRXJK

WKH 9/ PRGHOV H[KLELW D VOLJKW DGYDQWDJH LQ TXHVWLRQV LQYROYLQJ WHPSRUDO LQIRUPDWLRQ� WKH

,/ PRGHO JUHDWO\ H[FHOV LQ FDSWXULQJ VSDWLDO FOXHV �LPSURYHPHQW E\ �� DFFXUDF\� VHH WKH

IXOO UHVXOWV LQ 6HFWLRQ ������� 7KH SRVLWLYH SHUIRUPDQFH RI ,/ PRGHOV FRXOG DOVR EH DW�

�
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“dancing with music …”
“standing up nice and tall …”
“connect your hands to the earth …”

What happens a�er      two blonde 
girls are hugging each other?

        A guy is dancing on the road. mirror

Video-Language Encoder Image-Language Encoder

What was the person watching 
before holding a phone?

What was the person watching 
before holding a phone?

(a) Pre-train

(b) Pre-train (c) Fine-tune

Others

Ours

1
2
3

1 2 3

1 2 3

1 2 3

1

2

What did the woman do 
a�er       hitting the ball?1

Transcripts are o�en noisy and 
not aligned with video contents.

Event-Level Alignment Temporal Modeling

1 2 3

Fine-grained Spatial and Temporal Semantics

Lack of Details Video-Transript Misalignment

Billiards, concentrated young 
woman playing in club.

TranscriptsCaption
1
2
3

Video-Language Encoder

What type of animal do we 
see in this video? Fish

Generated Video QA Dataset

Limited to Spatial Understaing

)LJXUH ���� &RPSDULVRQ EHWZHHQ �D� SUHYLRXV DQG �E��F� RXU DSSURDFKHV IRU YLGHR 4$� �D�
3ULRU ZRUN VROYHG YLGHR 4$ E\ YLGHR�ODQJXDJH SUH�WUDLQLQJ EXW PLJKW VXIIHU IURP ODFN RI
HYHQW GHWDLOV� YLGHR�WUDQVFULSW PLVDOLJQPHQW RU OLPLWHG GLYHUVLW\ RI SUH�WUDLQLQJ TXHVWLRQV�
�E� :H SUH�WUDLQ D YLGHR�ODQJXDJH HQFRGHU WR OHDUQ HYHQW UHSUHVHQWDWLRQV DQG WHPSRUDO
UHODWLRQV EHWZHHQ WKHP E\ DVNLQJ WKHPRGHO WR LGHQWLI\ VSHFLILF HYHQWV LQ V\QWKHVL]HG YLGHR
VHTXHQFHV� �F� :H LQWHJUDWH WKH YLGHR�ODQJXDJH PRGHO ZLWK D SUH�WUDLQHG LPDJH�ODQJXDJH
PRGHO WR HQFRGH ILQH�JUDLQHG VSDWLDO DQG WHPSRUDO VHPDQWLFV DW GLIIHUHQW VSDWLDO�WHPSRUDO
UHVROXWLRQV�

WULEXWHG WR WKH QDWXUH RI YLGHR 4$� WKH DQVZHUV WR WKH TXHVWLRQV SHUWDLQLQJ WR RQO\ VSDWLDO

VHPDQWLFV� ZLWKRXW VSHFLI\LQJ WLPH� DUH XVXDOO\ FRQVLVWHQW DFURVV DOO UHODWHG IUDPHV� 7KLV

SURSHUW\ VXJJHVWV WKH SRWHQWLDO RI HQFRGLQJ ILQH�JUDLQHG VSDWLDO VHPDQWLFV ZLWK RQO\ ,/

PRGHOV�

,Q DGGLWLRQ WR VSDWLDO PRGHOLQJ� SULRU ZRUN PRGHOHG RQO\ FRDUVH�JUDLQHG WHPSRUDO

UHODWLRQV� $ TXHVWLRQ LQYROYLQJ WHPSRUDO UHODWLRQV LQ YLGHR 4$ RIWHQ UHIHUV WR VSHFLILF

�
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HYHQWV KDSSHQLQJ LQ SHULRGV RI WLPH DQG LQTXLUHV DERXW WKH VHTXHQFH RI HYHQWV >��� ��� ���

��@� ,W LV WKXV HVVHQWLDO WR PRGHO HYHQWV LQ YLGHRV DQG DVVRFLDWH WKH VHTXHQFH ZLWK WLPH

FRQMXQFWLRQV LQ TXHVWLRQV� VXFK DV EHIRUH DQG DIWHU� +RZHYHU� DV WKH H[DPSOHV LQ )LJXUH

��� �D�� SULRU DSSURDFKHV >��� ��� ��� ��� ��@ DOLJQLQJ D YLGHR ZLWK D VHQWHQFH PLJKW ORVH

GHWDLOV RI VHTXHQWLDO HYHQWV �ZKDW KDSSHQV DIWHU WKH ZRPDQ KLW WKH EDOO�� ZKLOH PDWFKLQJ

VKRUW FOLSV ZLWK WUDQVFULSWV >��� ��@ PD\ VXIIHU IURP QRLVH DV VSRNHQ ZRUGV RIWHQ FRQWDLQ

VRPHWKLQJ QRW UHODWHG WR VFHQHV >��@� 2WKHUV >��� ��@ SUH�WUDLQLQJ RQ JHQHUDWHG YLGHR 4$

GDWDVHWV ZHUH PRVWO\ OLPLWHG WR VSDWLDO XQGHUVWDQGLQJ� ,Q IDFW� DQRWKHU H[DPLQDWLRQ UHYHDOV

WKDW WKH SHUIRUPDQFH ZLWK VKXIIOHG IUDPH LQSXWV RI VRPH RI WKHVH DSSURDFKHV LV VLPLODU WR

WKDW ZLWK QRUPDO LQSXWV RQ YLGHR 4$ EHQFKPDUNV UHTXLULQJ WHPSRUDO PRGHOLQJ �VHH PRUH

GHWDLOV LQ 6HFWLRQ ������� 7KH UHVXOW VXJJHVWV GHYHORSLQJ D PRUH HIIHFWLYH VWUDWHJ\ IRU

PRGHOLQJ WHPSRUDO UHODWLRQV�

7R REWDLQ ILQH�JUDLQHG HQFRGLQJ RI VSDWLDO DQG WHPSRUDO VHPDQWLFV IRU YLGHR 4$� ZH

SURSRVH D QRYHO SLSHOLQH GHFRXSOLQJ VSDWLDO�WHPSRUDO PRGHOLQJ LQWR ,/ DQG 9/ HQFRGHUV�

LOOXVWUDWHG LQ )LJXUH ��� �F�� :LWK ,/ PRGHOV DGHSW DW PRUH ILQH�JUDLQHG VSDWLDO PRGHOLQJ�

ZH LQFRUSRUDWH D SUH�WUDLQHG ,/ PRGHO WR HQFRGH VWDWLF VSDWLDO LQIRUPDWLRQ LQGHSHQGHQW

RI WLPH IURP VSDUVHO\ VDPSOHG IUDPHV DW KLJK VSDWLDO UHVROXWLRQ� )RU TXHVWLRQV UHTXLULQJ

WHPSRUDO UHODWLRQV� ZH WUDLQ D 9/ HQFRGHU WR PRGHO WHPSRUDO G\QDPLFV� RSHUDWLQJ DW KLJK

WHPSRUDO EXW ORZ VSDWLDO UHVROXWLRQ� 7KHVH WZR VWUHDPV FRPSOHPHQW HDFK RWKHU E\ SD\LQJ

DWWHQWLRQ WR GLVSDUDWH DVSHFWV RI YLGHRV�

7R HIIHFWLYHO\ PRGHO WHPSRUDO UHODWLRQV IRU YLGHR 4$� WKH 9/ HQFRGHU KDV WR UHF�

RJQL]H HYHQWV LQ YLGHRV� EXLOG WKHLU WHPSRUDO UHODWLRQV� DQG DVVRFLDWH VXFK UHODWLRQV ZLWK

ODQJXDJHV FRQWDLQLQJ WHPSRUDO LQIRUPDWLRQ� 7R WKLV HQG� ZH LQWURGXFH D QRYHO SUH�WUDLQLQJ

REMHFWLYH� 7HPSRUDO 5HIHUULQJ 0RGHOLQJ �750�� 'HSLFWHG LQ )LJXUH ��� �E�� 750 TXHULHV

�
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DEVROXWH DQG UHODWLYH SRVLWLRQV RI HYHQWV LQ YLGHRV V\QWKHVL]HG E\ FRQFDWHQDWLQJ FOLSV VDP�

SOHG IURP YLGHR FDSWLRQLQJ GDWDVHWV >��� ��@� 7KH FRQFDWHQDWLRQ VLPXODWHV WUDQVLWLRQV RI

VFHQHV DQG HYHQWV LQ YLGHRV� $QVZHULQJ VXFK TXHULHV UHTXLUHV D PRGHO WR DJJUHJDWH FRQ�

WLJXRXV IUDPHV LQWR HYHQWV DQG GLVWLQJXLVK DGMDFHQW HYHQWV IURP GLVWDQW RQHV� 7KHVH RSHU�

DWLRQV KHOS D PRGHO WR OHDUQ ERWK VKRUW� DQG ORQJ�WHUP WHPSRUDO G\QDPLFV�

:H YDOLGDWH RXU PRGHO RQ WZR YLGHR 4$ EHQFKPDUNV� $FWLYLW\1HW�4$ >��@ DQG

$*4$ ��� >��@� 7KH IRUPHU FRQWDLQV GLYHUVH TXHVWLRQ W\SHV UHTXLULQJ VSDWLDO RU WHP�

SRUDO VHPDQWLFV� DQG WKH ODWWHU ZHDYHV VSDWLDO DQG WHPSRUDO LQIRUPDWLRQ WRJHWKHU LQ HDFK

TXHVWLRQ WR HYDOXDWH FRPSRVLWLRQDO UHDVRQLQJ� 2XU PRGHO RXWSHUIRUPV WKH SUHYLRXV VWDWH�

RI�WKH�DUW� $EODWLRQ VWXGLHV DOVR GHPRQVWUDWH WKH HIILFDF\ RI WKH SURSRVHG SLSHOLQH DQG

SUH�WUDLQLQJ REMHFWLYH�

,Q VXPPDU\� ZH PDNH WKH IROORZLQJ NH\ FRQWULEXWLRQV� �L� :LWK ,/ DQG 9/ PRGHOV

GHPRQVWUDWLQJ FRPSOHPHQWDU\ DGYDQWDJHV� ZH GHFRXSOH VSDWLDO DQG WHPSRUDO PRGHOLQJ

LQWR D K\EULG SLSHOLQH FRPSRVHG RI ERWK PRGHOV WR HQFRGH ILQH�JUDLQHG YLVXDO VHPDQWLFV�

�LL� :H SUHVHQW D QRYHO SUH�WUDLQLQJ REMHFWLYH� 7HPSRUDO 5HIHUULQJ 0RGHOLQJ� WR OHDUQ WHP�

SRUDO UHODWLRQV EHWZHHQ HYHQWV E\ UHTXHVWLQJ PRGHOV WR LGHQWLI\ VSHFLILF HYHQWV LQ YLGHR

VHTXHQFHV� �LLL� :H RXWSHUIRUP SUHYLRXV 9/ VWDWH�RI�WKH�DUW PHWKRGV RQ WZR EHQFKPDUNV

ZLWK RUGHUV RI PDJQLWXGHV OHVV GDWD IRU SUH�WUDLQLQJ�

�
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&KDSWHU � 5HODWHG :RUN

��� 9LGHR 4XHVWLRQ $QVZHULQJ

7R HQFRGH� DFFXPXODWH DQG EXLOG UHODWLRQVKLSV EHWZHHQ YLVXDO FRQWHQWV DQG EHWZHHQ

PRGDOLWLHV IRU YLGHR 4$� FRQYHQWLRQDO DSSURDFKHV DGRSWHG 5HFXUUHQW 1HXUDO 1HWZRUNV

ZLWK DWWHQWLRQ >��� ��� ��� ��� ��@� 0HPRU\ 1HWZRUNV >��� ��� ��� ��� ��@� *UDSK 1HXUDO

1HWZRUNV >��� ��� ��� ��� ��� ��@� 0RGXODU 1HWZRUNV >��@� DQG VHOI�DWWHQWLRQ >��� ���

��@� %\ SUH�WUDLQLQJ ODUJH�VFDOH 9/ GDWDVHWV� 7UDQVIRUPHUV >��@ KDYH IXUWKHU LPSURYHG WKH

LQWHUDFWLRQ EHWZHHQ PRGDOLWLHV DQG PDGH JUHDW SURJUHVV LQ YLGHR 4$ >��� ��� ��� ��� ���

��� ��� ��@� 2XU DSSURDFK LV EXLOW RQ WKH EHQHILW RI PRGHOLQJ UHODWLRQVKLSV ZLWK SUH�WUDLQHG

7UDQVIRUPHUV� ,Q FRQWUDVW WR SULRU ZRUN� ZH FDUHIXOO\ H[DPLQH DQG WDNH WKH LQGLYLGXDO

DGYDQWDJH RI ,/ DQG 9/ SUH�WUDLQLQJ WR HQFRGH VSDWLDO DQG WHPSRUDO VHPDQWLFV�

��� 3UH�WUDLQLQJ IRU 7HPSRUDO 5HODWLRQ 0RGHOLQJ

9/ SUH�WUDLQLQJ OHDUQV WR PRGHO WHPSRUDO UHODWLRQVKLSV YLD GLIIHUHQW DSSURDFKHV�

�
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����� /HDUQLQJ IURP *OREDO $OLJQPHQW�

>��� ��� ��� ��� ��� ��@ SUH�WUDLQHG PRGHOV RQ GDWDVHWV ZKHUH D VHQWHQFH GHOLQHDWHV

D VLQJOH HYHQW RI WKH HQWLUH FRUUHVSRQGLQJ YLGHR� :LWK IHDWXUHV RI WZR PRGDOLWLHV EHLQJ

DOLJQHG JOREDOO\� HYHQWV KDSSHQLQJ VHTXHQWLDOO\ LQ D YLGHR DUH FRPSUHVVHG� DQG GHWDLOV RI

HYHQWV QRW PHQWLRQHG LQ GHVFULSWLRQV DUH OLNHO\ ORVW� 6XFK UHSUHVHQWDWLRQV DUH QRW ILQH�

JUDLQHG HQRXJK IRU TXHVWLRQV UHIHUULQJ WR VSHFLILF PRPHQWV�

����� /HDUQLQJ IURP /RFDO $OLJQPHQW DQG )UDPH 2UGHULQJ�

>��� ��@ SUH�WUDLQHG PRGHOV RYHU GDWDVHWV ZLWK GHQVH DQQRWDWLRQV VXFK DV YLGHR WUDQ�

VFULSWV >��@� 7KH\ PDWFKHG VHJPHQWHG YLVXDO IHDWXUHV ZLWK XWWHUDQFHV DQG UHTXLUHG PRGHOV

WR RUGHU VKXIIOHG RU DQ\ WZR IUDPHV� :LWK WKLV DSSURDFK� PRGHOV OHDUQ HYHQW�OHYHO EXW ZHDN

DOLJQPHQW EHWZHHQ YLGHRV DQG ODQJXDJHV DV VSRNHQ ZRUGV GR QRW DOZD\V FRUUHVSRQG WR YL�

VXDO FRQWHQWV >��@� %HVLGHV� RUGHULQJ IUDPHV ZLWKRXW JURXQGLQJ LQ ODQJXDJHV PDNH PRGHOV

OHDUQ� LQVWHDG RI WHPSRUDO UHODWLRQV� UDWLRQDO SUHGLFWLRQV RI ZKDW LV OLNHO\ WR KDSSHQ EHIRUH

DQG DIWHU DQ HYHQW� ZKLFK LV PRUH UHODWHG WR YLVXDO FRPPRQ VHQVH >�� ��� ��@�

����� /HDUQLQJ IURP/DUJH�6FDOH9LGHR4XHVWLRQ$QVZHULQJ'DWDVHWV�

>��� ��@ SUH�WUDLQHG 9/ PRGHOV RYHU ODUJH�VFDOH YLGHR 4$ GDWDVHWV� 7KH GLYHUVLW\ RI

SUH�WUDLQLQJ TXHVWLRQV WKXV GHWHUPLQHV WKH HIIHFWLYHQHVV DQG FDSDFLW\ RI WUDQVIHUUHG NQRZO�

HGJH� EXW JHQHUDWHG TXHVWLRQV LQ >��@ DQG >��@ PDLQO\ SHUWDLQ WR VFHQH DQG GLDORJXH XQ�

GHUVWDQGLQJ� OHDYLQJ WHPSRUDO UHODWLRQVKLS PRGHOLQJ XQVROYHG�

�
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��� (QFRGLQJ 0RWLRQ DQG $SSHDUDQFH

3ULRU DUWV KDYH H[SORUHG WZR�VWUHDP QHWZRUNV WR HQFRGH PRWLRQ DQG DSSHDUDQFH IRU

DFWLRQ UHFRJQLWLRQ >��� ��±��� ��� ��@� >��� ��@ FRPELQHG GLIIHUHQW VSDWLDO DQG WHPSRUDO

UHVROXWLRQ WR VHSDUDWHO\ HQFRGH VORZ� DQG IDVW�FKDQJLQJ VFHQHV� DQG >��� ��@ VHDUFKHG

IRU PXOWL�VWUHDP FRQQHFWLYLW\� $QDORJRXVO\� RXU WZR VWUHDPV FRPSOHPHQW HDFK RWKHU E\

IRFXVLQJ RQ GLVSDUDWH DVSHFWV RI YLGHRV� EXW ZKLOH WKHLU WZR VWUHDPV ERWK HQFRGH VKRUW�

WHUP DFWLRQV� RXU ,/ VWUHDP DJJUHJDWHV VFHQH LQIRUPDWLRQ LQGHSHQGHQW RI WLPH� DQG WKH 9/

VWUHDP HQFRGHV HQWLUH YLGHRV DQG FRQVWUXFWV WKH WHPSRUDO UHODWLRQVKLSV EHWZHHQ DOO DFWLRQV

DQG HYHQWV�

6RPH UHFHQW ZRUN UHYHDOHG WKDW XQGHUVWDQGLQJ RI WHPSRUDOLW\ LV QRW DOZD\V QHFHVVDU\

WR VROYH 9/ WDVNV� >��� ��@ WDNLQJ VSDUVHO\ VDPSOHG IUDPHV RXWSHUIRUPHG SUHYLRXV PHWK�

RGV� >�@ SURYLGHG VWURQJHU EDVHOLQHV ZLWK VLQJOH IUDPH LQSXWV� +RZHYHU� ZLWK QHZ WDVNV

UHTXLULQJ WHPSRUDO PRGHOLQJ SURSRVHG� VXFK FRQFOXVLRQV DUH OLNHO\ WR EH FLUFXPVFULEHG�

:H WKXV WDNH D IXUWKHU VWHS E\ SURSRVLQJ DQ HIIHFWLYH VWUDWHJ\ WR HQFRGH ILQH�JUDLQHG WHP�

SRUDO VHPDQWLFV�

�
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&KDSWHU � 0HWKRG

:H LQWURGXFH RXU YLGHR 4$ SLSHOLQH �6HFWLRQ ���� DQG WKH SUH�WUDLQLQJ REMHFWLYH�

7HPSRUDO 5HIHUULQJ 0RGHOLQJ �6HFWLRQ ����� ,PSOHPHQWDWLRQ GHWDLOV DUH GHVFULEHG LQ WKH

VXSSOHPHQW�

��� 'HFRXSOHG 6SDWLDO�7HPSRUDO (QFRGHUV

7KH FRDUVH�JUDLQHG VSDWLDO PRGHOLQJ RI SULRU DSSURDFKHV PRWLYDWHV XV WR GHYHORS

PRUH HIIHFWLYH DUFKLWHFWXUHV� DQG ,/ PRGHOV KDYH VKRZQ JUHDW SRWHQWLDO� :KLOH PRVW 9/

PRGHOV WDNH VFHQH RU PXOWL�IUDPH IHDWXUHV SUH�H[WUDFWHG E\ LPDJH RU DFWLRQ UHFRJQLWLRQ

PRGHOV >��� ��� ��� ��@� UHJLRQ IHDWXUHV >��� ��� ��� ��@ DQG IHDWXUHV SURFHVVHG E\ DWWHQ�

WLRQ >�� ��@ KDYH EHHQ SURYHG SRZHUIXO IRU ,/ PRGHOV� 7KHVH IHDWXUHV SURYLGH GHWDLOHG

LQIRUPDWLRQ RI YLVXDO HOHPHQWV DORQJ ZLWK WKHLU VSDWLDO UHODWLRQV� $V VWDWLF VFHQH LQIRUPD�

WLRQ� LI DVNHG E\ TXHVWLRQV ZLWKRXW VSHFLI\LQJ WLPH� DUH XVXDOO\ FRQVLVWHQW DFURVV UHODWHG

IUDPHV� ,/ PRGHOV VKRXOG DOVR EH FRPSHWHQW WR HQFRGH ILQH�JUDLQHG VSDWLDO UHODWLRQV IRU

YLGHR 4$�

7KHUHIRUH� ZH SURSRVH D YLGHR 4$ SLSHOLQH WKDW GHFRXSOHV VSDWLDO DQG WHPSRUDO PRG�

HOLQJ E\ LQWHJUDWLQJ DQ ,/ DQG D 9/ HQFRGHU� 7KH ,/ HQFRGHU WDNHV VSDUVHO\ VDPSOHG

IUDPHV DW KLJK VSDWLDO UHVROXWLRQ DV LQSXW� 7KHVH IUDPHV DUH XQRUGHUHG DQG EXLOG FRQVHQ�
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Transformer*Vision
Transformer

Transformer

Video-Language

Transformer w/ 
Cross-Attention

+mean

“What ..� ?”

Transformer

“chair” “bed” 
“dish” “food” 

..� 

Image

... 

Image-Language 

Transformer w/ 
Cross-Attention

Question

Video

Answers

*Video Swin 
Transformer

Scores
... 

matching 
scores

Spatial Temporal

)LJXUH ���� 2XU YLGHR 4$ SLSHOLQH� (QFRGHG TXHVWLRQV DUH IXVHG ZLWK IUDPHV DQG YLGHRV
WR JDWKHU VSDWLDO DQG WHPSRUDO LQIRUPDWLRQ� 7KHLU UHSUHVHQWDWLRQV DUH WKHQ FRPSDUHG ZLWK
DQVZHU FDQGLGDWHV WR REWDLQ WKH ILQDO SUHGLFWLRQV� � PDUNV WKH IUR]HQ PRGXOHV��

VXV RQ ILQH�JUDLQHG VSDWLDO LQIRUPDWLRQ RI VWDWLF VFHQHV� 7KH 9/ HQFRGHU ZLWK LQSXW DFWLRQ

IHDWXUHV DW ORZ VSDWLDO EXW KLJK WHPSRUDO UHVROXWLRQ UHFRJQL]HV DQG PRGHOV WKH WUDQVLWLRQV

RI DFWLRQV DQG HYHQWV� 7KHVH WZR VWUHDPV RI LQIRUPDWLRQ DUH IXVHG DW WKH ILQDO VWDJH WR

MRLQWO\ IRUP WKH SUHGLFWLRQ� :H OHDYH RWKHU ZD\V RI IXVLRQ IRU IXWXUH H[SORUDWLRQ�

$V LOOXVWUDWHG LQ )LJXUH ���� WKH SLSHOLQH FRQVLVWV RI DQ LPDJH HQFRGHU� D YLGHR HQ�

FRGHU� DQG D TXHVWLRQ HQFRGHU WR SURFHVV LQSXWV� DV ZHOO DV DQ ,/ HQFRGHU DQG D 9/ HQFRGHU�

ERWK ZLWK FURVV�DWWHQWLRQ >��� ��� ��� ��@� WR SHUIRUP PXOWL�PRGDOLW\ LQWHUDFWLRQ� $QRWKHU

DQVZHU HQFRGHU HQFRGHV DQVZHU FDQGLGDWHV� VLPLODU WR >��@� 7R DQVZHU D TXHVWLRQ DERXW

D YLGHR� WKH TXHVWLRQ� YLGHR� DQG IUDPHV WKDW DUH VSDUVHO\ VDPSOHG IURP WKH YLGHR DUH HQ�

FRGHG E\ WKHLU UHVSHFWLYH HQFRGHUV� 7KH TXHVWLRQ IHDWXUHV WKHQ SHUIRUP FURVV�DWWHQWLRQ WR

ERWK IUDPH DQG YLGHR IHDWXUHV� 7KH VXP RI WZR PXOWL�PRGDOLW\ UHSUHVHQWDWLRQV LV ILQDOO\

FRPSDUHG ZLWK HQFRGHG DQVZHU FDQGLGDWHV WR REWDLQ WKH SUHGLFWLRQ� )RUPDOO\� Q GHQRWHV
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WKH LQSXW TXHVWLRQ� {I1, ..., IT} DUH T IUDPHV VDPSOHG IURP WKH LQSXW YLGHR V � ZKHUH

T ! WKH OHQJWK RI V � 7KH TXHVWLRQ Q LV ILUVW HQFRGHG LQWR D VHTXHQFH RI HPEHGGLQJV

Z = {wcls, w1, ..., wL}, w ∈ RD� ZKHUH wcls LV WKH HPEHGGLQJ RI WKH [CLS] WRNHQ� DQG

L LV WKH QXPEHU RI ZRUG WRNHQV� 7KHQ Z LV IXVHG ZLWK WKH IUDPHV DQG YLGHR DV GHVFULEHG

EHORZ�

����� ,PDJH�/DQJXDJH (QFRGLQJ�

)RU HDFK t IURP � WR T � WKH LPDJH HQFRGHU WUDQVIRUPV IUDPH It LQWR D VHTXHQFH RI

SDWFK HPEHGGLQJV X = {ut
cls, u

t
1, ..., u

t
N}, u ∈ RD� ZKHUH N LV WKH QXPEHU RI SDWFKHV�

7KHQ WKH TXHVWLRQ IHDWXUH Z DQG IUDPH IHDWXUH X DUH IXVHG E\ WKH ,/ HQFRGHU ZLWK FURVV�

DWWHQWLRQ DQG WUDQVIRUP LQWR {xt
cls, x

t
1, ..., x

t
L}, x ∈ RD� 7KH PXOWL�PRGDOLW\ UHSUHVHQ�

WDWLRQ RI WKH ,/ VWUHDP r LV WKH DYHUDJH RI [CLS] WRNHQ HPEHGGLQJV xt
cls RI DOO IUDPHV

HQFRGHG E\ D ILQDO PXOWL�OD\HU SHUFHSWURQ �0/3��

r =
1

T

T∑

t=1

0/3(xt
cls), r ∈ RD. �����

����� 9LGHR�/DQJXDJH (QFRGLQJ�

7KH YLGHR IHDWXUH H[WUDFWRU ILUVW HQFRGHV WKH LQSXW YLGHR V LQWR D VHTXHQFH RI IHDWXUHV

H = {e1, ..., eM}, e ∈ RH � ZKHUH M LV WKH OHQJWK RI WKH IHDWXUH VHTXHQFH� 7R LQGLFDWH

WKH EHJLQQLQJ DQG WKH HQG RI WKH YLGHR� ZH DGG WZR OHDUQDEOH WRNHQV EHIRUH DQG DIWHU WKH

IHDWXUH VHTXHQFH� 7HPSRUDO SRVLWLRQ HQFRGLQJ LV DOVR DGGHG WR HDFK IHDWXUH WR LQGLFDWH

WKH WHPSRUDO RUGHU� 1H[W� WKH IHDWXUH VHTXHQFH H DUH FRQWH[WXDOL]HG DQG WUDQVIRUPHG LQWR

Y = {vbos, v1, ..., vM , veos}, v ∈ RD� ZKHUH vbos DQG veos DUH WKH EHJLQQLQJ DQG WKH HQG

��
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WRNHQ DIWHU FRQWH[WXDOL]DWLRQ� 7KH TXHVWLRQ IHDWXUH Z WKHQ SHUIRUPV FURVV DWWHQWLRQ WR WKH

YLGHR IHDWXUH Y WKURXJK WKH 9/ HQFRGHU DQG WUDQVIRUPV LQWR {ycls, y1, ..., yL}, y ∈ RD�

7KH PXOWL�PRGDOLW\ UHSUHVHQWDWLRQ RI WKH 9/ VWUHDP s ∈ RD LV WKH RXWSXW RI WKH ILUVW WRNHQ

ycls WUDQVIRUPHG E\ D ILQDO 0/3�

����� $QVZHU 6HOHFWLRQ�

)ROORZLQJ >��@� DQRWKHU WH[W HQFRGHU HQFRGHV WKH DQVZHU FDQGLGDWHV �FROOHFWHG IURP

DOO DQVZHUV LQ WUDLQLQJ GDWD ZLWK IUHTXHQF\ > 1 IRU RSHQ�HQGHG 4$�� 7KH SUHGLFWLRQ RI

HDFK FDQGLGDWH LV WKH GRW SURGXFW EHWZHHQ HDFK HQFRGHG FDQGLGDWH DQG WKH VXP RI WZR

PXOWL�PRGDOLW\ UHSUHVHQWDWLRQV� )RUPDOO\� A GHQRWHV WKH DQVZHU VHW� )RU DOO a ∈ A� ZH

WDNH WKH [CLS] WRNHQ zacls ∈ RD RI a¶V IHDWXUH� 7KHQ WKH ORJLW RI a LV REWDLQHG YLD�

pa = (r + s)Tzacls, p ∈ R. �����

��� 7HPSRUDO 5HIHUULQJ 0RGHOLQJ

7R SUH�WUDLQ WKH PXOWL�PRGDOLW\ HQFRGHUV ZLWK DIIRUGDEOH FRPSXWDWLRQ UHVRXUFHV� ZH

DGRSW DQ ,/ HQFRGHU SUH�WUDLQHG ZLWK LPDJH TXHVWLRQ DQVZHULQJ �LPDJH 4$�� VSHFLILFDOO\

94$ >��@� DQG WUDLQ WKH 9/ HQFRGHU IRU ILQH�JUDLQHG WHPSRUDO PRGHOLQJ ZLWK D QRYHO

REMHFWLYH�

0RGHOLQJ ILQH�JUDLQHG WHPSRUDO UHODWLRQV IRU YLGHR 4$ UHTXLUHV WKH HQFRGHU WR XQ�

GHUVWDQG YLGHRV DV HYHQW VHTXHQFHV DQG WR DVVRFLDWH WKH WHPSRUDO UHODWLRQV RI HYHQWV ZLWK

GHVFULSWLRQV FRQWDLQLQJ WLPH FRQMXQFWLRQV� 7R WKLV HQG� ZH GHYHORS 7HPSRUDO 5HIHUULQJ

0RGHOLQJ �750�� ZKLFK� LQ WKH IRUP RI YLGHR 4$� LQTXLUHV DERXW DEVROXWH DQG UHODWLYH

��
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…

Question Encoder Video Encoder

Video Swin Transformer

Video-Language Encoder

What happens after 
two blonde girls are 
hugging each other?

Two blonde girls are 
hugging each other

A guy is dancing 
on the road.

A man in blue is sitting 
tipped back in a chair.

…

concatenate

A guy is dancing on the road.

)LJXUH ���� 7HPSRUDO 5HIHUULQJ 0RGHOLQJ� ZKLFK DVVRFLDWHV YLVXDO HYHQWV DQG WKHLU WHP�
SRUDO UHODWLRQVKLSV ZLWK ODQJXDJHV E\ DVNLQJ DEVROXWH DQG UHODWLYH SRVLWLRQV RI HYHQWV LQ
FRQFDWHQDWHG YLGHR IHDWXUHV VDPSOHG IURP YLGHR FDSWLRQLQJ GDWD�

WHPSRUDO SRVLWLRQV RI HYHQWV LQ YLGHRV� $V GHSLFWHG LQ )LJXUH ���� JLYHQ D YLGHR FRPSRVHG

RI PXOWLSOH HYHQWV� 750 DVNV WKH PRGHO IRXU TXHVWLRQV� ZKDW KDSSHQV DW WKH EHJLQQLQJ�

DW WKH HQG� EHIRUH DQ HYHQW� RU DIWHU DQ HYHQW� 7KH PRGHO WKHQ VHOHFWV DQ HYHQW GHVFULSWLRQ

DV WKH DQVZHU� 7R DFFRPSOLVK WKLV WDVN UHTXLUHV WKH PRGHO WR LGHQWLI\ HYHQWV DQG PDQDJH

WKH VHTXHQFH�

750 QHHGV 9/ GDWD ZKLFK RIIHUV ��� HYHQW�OHYHO DQQRWDWLRQV WKDW GHOLQHDWH VFHQHV

DQG HYHQWV IRU VHJPHQWV RI YLGHRV DQG ��� GHVFULSWLRQV WKDW H[SODLQ WKH WHPSRUDO G\QDPLFV

RI WKHVH VHJPHQWV� ,GHDOO\� GHQVH YLGHR FDSWLRQLQJ >��@ ZRXOG EH DSSURSULDWH PDWHULDOV�

EXW PDQ\ RI LWV WLPH VHJPHQWV RYHUODS� PDNLQJ WKH WHPSRUDO UHODWLRQVKLSV DPELJXRXV�

/DEHOLQJ FRVW DOVR KLQGHUV VFDODELOLW\� 7KXV� WR VDWLVI\ WKH WZR FRQGLWLRQV� ZH GHYHORS

D VLPSOH \HW HIIHFWLYH ZD\ WR JHQHUDWH GDWD� $V WKH H[DPSOH LQ )LJXUH ���� ZH FRQFDWH�

��
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QDWH YLGHRV VDPSOHG IURP YLGHR FDSWLRQLQJ GDWDVHWV WR FUHDWH YLGHRV ZLWK VFHQH DQG HYHQW

WUDQVLWLRQV� 7KHQ ZH JHQHUDWH TXHVWLRQV E\ ILOOLQJ WKH TXHVWLRQ WHPSODWHV ZLWK FDSWLRQV

RI WKHVH YLGHRV� ,QFRUUHFW DQVZHUV DUH WKH RWKHU FDSWLRQV LQ WKH VDPH YLGHR VHTXHQFHV�

PDNLQJ WKH WDVN PRUH GLIILFXOW�

7DNH� DV DQ H[DPSOH� JHQHUDWLQJ D YLGHR DQG D TXHVWLRQ WKDW DVNV ZKLFK HYHQW KDSSHQV

DIWHU DQ HYHQW� :H ILUVW VDPSOH K SDLUV IURP D YLGHR FDSWLRQLQJ GDWDVHW� ZLWK HDFK SDLU k

FRPSRVHG RI D YLGHR Vk DQG D FDSWLRQ Ck� 7KH YLGHRV DUH HQFRGHG E\ WKH IHDWXUH H[WUDFWRU

LQWR IHDWXUH VHTXHQFHV {ek1, ..., ekMk
} IRU DOO k IURP � WR K� ZKHUH Mk LV WKH OHQJWK RI IHD�

WXUHV RIVk� 7KHVH VHTXHQFHV DUH WKHQ FRQFDWHQDWHG DQG IRUP H = {e11, ..., e1M1
, e21, ..., e

K
MK

}�

7R JHQHUDWH WKH TXHVWLRQ� ZH ILUVW VDPSOH D FDSWLRQV Ci ZKHUH 1 ≤ i < K, i ∈ N� 7KHQ

WKH TXHVWLRQ Q LV ³:KDW KDSSHQV DIWHU Ci"´ ZLWK WKH FKRLFHV A = {Ck | 1 ≤ k ≤ K, k $=

i, k ∈ N} DQG WKH FRUUHFW DQVZHU Ci+1� 2WKHU TXHVWLRQV DUH FRQVWUXFWHG VLPLODUO\� ZKHUH

WKH DQVZHUV WR WKH TXHVWLRQV DERXW WKH EHJLQQLQJ DQG WKH HQG DUH C0 DQG CK UHVSHFWLYHO\�

:LWK DOO LQSXW WKH VDPH DV JHQHUDO YLGHR 4$� WKH HQFRGHG IHDWXUH Z RI TXHVWLRQ Q DQG

WKH YLGHR IHDWXUH H DUH LQSXW WR WKH 9/ HQFRGHU� JRLQJ WKURXJK WKH HQFRGLQJ DQG FRQWH[�

WXDOL]LQJ SURFHVV GHVFULEHG LQ 6HFWLRQ ���� 7KH ILQDO REMHFWLYH LV WR PLQLPL]H D VWDQGDUG

FURVV�HQWURS\ ORVV�

��
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&KDSWHU � ([SHULPHQWV

:H HODERUDWH RQ WKH SUHOLPLQDU\ DQDO\VLV RI VSDWLDO DQG WHPSRUDO UHDVRQLQJ FDSDELOLW\

RI SULRU ZRUN �6HFWLRQ ����� 7KHQ ZH GHPRQVWUDWH WKH LPSURYHPHQW LQ WZR YLGHR 4$

EHQFKPDUNV ZLWK WKH SURSRVHG SLSHOLQH DQG 7HPSRUDO 5HIHUULQJ 0RGHOLQJ �6HFWLRQ �����

$EODWLRQ VWXG\ LV ODVWO\ SUHVHQWHG HYDOXDWLQJ WKH HIILFDF\ RI HDFK FRPSRQHQW� �6HFWLRQ

�����

��� 3UHOLPLQDU\ $QDO\VLV

%DVHOLQHV� :H WDNH $/%() >��@ DV DQ H[DPSOH RI ,/ PRGHOV� )RU 9/ PRGHOV� ZH VWXG\

9,2/(7 >��@� +(52 >��@� DQG -XVW�$VN >��@� ZKLFK UHVSHFWLYHO\ LQVWDQWLDWH WKUHH DS�

SURDFKHV GLVFXVVHG LQ 6HFWLRQ ���� 7KHVH DUH VWDWH�RI�WKH�DUW RI HDFK DSSURDFK ZLWK SXEOLF

FRGH EDVHV�

����� (QFRGLQJ 6SDWLDO 6HPDQWLFV

:H ILUVW DVVHVV WKH DELOLW\ RI HQFRGLQJ VSDWLDO VHPDQWLFV RI ,/ PRGHOV DQG 9/ PRG�

HOV�� $/%() LV UXQ DV LPDJH 4$ E\ VDPSOLQJ IUDPHV IURP D YLGHR DQG DYHUDJLQJ IUDPH

SUHGLFWLRQV�
�-XVW�$VN DQG 9,2/(7 DV +(52 GRHV QRW VXSSRUW RSHQ�HQGHG 4$

��
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7\SH -XVW�$VN 9,2/(7 $/%() 8%

0RWLRQ ����� ����� ����� �����
6SDWLDO 5HO� ����� ����� ����� �����
7HPSRUDO 5HO� ���� ���� ���� �����
<HV � 1R ����� ����� ����� ������
&RORU ����� ����� ����� �����
2EMHFW ����� ����� ����� �����
/RFDWLRQ ����� ����� ����� �����
1XPEHU ����� ����� ����� �����
2WKHU ����� ����� ����� �����

2YHUDOO ����� ����� ����� �����

7DEOH ���� &RPSDULVRQ EHWZHHQ SULRU PHWKRGV DQG RXU XSSHU ERXQG RI $FWLYLW\1HW�4$ E\
TXHVWLRQ W\SH� $/%() H[KLELWV DGYDQWDJHV RQ WKH TXHVWLRQV LQYROYLQJ VSDWLDO UHDVRQLQJ�
�5HO� LV VKRUW IRU 5HODWLRQVKLSV� DQG 8% LV WKH DEEUHYLDWLRQ IRU XSSHU ERXQG��

%HQFKPDUN� :H FRQGXFW WKH DQDO\VLV RQ $FWLYLHW1HW�4$ >��@� ZKLFK FRQWDLQV ���.

YLGHRV RI KXPDQ DFWLYLWLHV LQ GDLO\ OLIH DQG ��. TXHVWLRQ�DQVZHU SDLUV VSDQQLQJ GLYHUVH

FDWHJRULHV DFURVV VSDWLDO DQG WHPSRUDO VHPDQWLFV RIIHULQJ FRPSUHKHQVLYH HYDOXDWLRQV�

5HVXOWV� 7DEOH ��� FRQWUDVWV WKH DFFXUDF\ �DFF� E\ TXHVWLRQ W\SH RI WKH ,/ PRGHO ZLWK

RWKHU 9/ PRGHOV� $/%()� WKRXJK ZLWKRXW WHPSRUDO PRGHOLQJ� LV KLJKO\ DGHSW DW VSDWLDO

UHDVRQLQJ� VXFK DV 6SDWLDO 5HODWLRQVKLSV DQG &RORU� ZKLOH -XVW�$VN GHPRQVWUDWHV D VOLJKW

DGYDQWDJH LQ 7HPSRUDO 5HODWLRQVKLSV� 'XH WR WKH UHPRYDO RI UDUH DQVZHUV IROORZLQJ >��@�

ZH UHSRUW RXU SHUIRUPDQFH XSSHU ERXQG RI HDFK W\SH� ZKLFK LV WKH SURSRUWLRQ RI TXHVWLRQV

LQ WKH WHVW VHW ZKRVH DQVZHUV DSSHDUHG LQ WKH WUDLQLQJ VHW� 7KH WLQ\ QXPEHU RI 7HPSRUDO

5HODWLRQVKLSV UHYHDOV WKH ORQJ�WDLO GLVWULEXWLRQ RI LWV DQVZHUV� ZKLFK SDUWLDOO\ H[SODLQV WKH

SRRU SHUIRUPDQFH�

����� 0RGHOLQJ 7HPSRUDO 5HODWLRQVKLSV

:H HYDOXDWH WKH FDSDELOLW\ RI PRGHOLQJ WHPSRUDO UHODWLRQVKLSV E\ VKXIIOLQJ LQSXW

IUDPHV DQG PHDVXULQJ WKH SHUIRUPDQFH GURS� 0RGHOV DUH ILUVW WUDLQHG ZLWK QRUPDO LQ�
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http://dx.doi.org/10.6342/NTU202202028


GRL���������178���������

0HWKRG %HQFKPDUN $FFXUDF\

9,2/(7 $*4$ �����
$*4$ �����±���

-XVW�$VN $*4$ �����
$*4$ �����±���

+(52 9,2/,1 �����
9,2/,1 �����±���

7DEOH ���� 5HVXOWV RI SULRU ZRUN WDNLQJ VKXIIOHG IUDPHV DV LQSXW� 7KH OLWWOH SHUIRUPDQFH
GURS LQGLFDWHV WKDW VRPH PHWKRGV DUH QRW VHQVLWLYH WR WKH RUGHU RI IUDPHV� � VLJQLILHV WKDW
LQSXW IUDPHV DUH VKXIIOHG� :H UHSRUW WKH DYHUDJH RI WKUHH UHVXOWV IRU WKH VKXIIOH H[SHUL�
PHQW��

SXW DQG WHVWHG WKHLU SHUIRUPDQFH ZLWK VKXIIOHG LQSXW� ,QWXLWLYHO\� WDNLQJ VKXIIOHG IUDPHV

DV LQSXW VKRXOG EH GHWULPHQWDO WR WKH SHUIRUPDQFH RI WKH TXHVWLRQV UHTXLULQJ WHPSRUDO

PRGHOLQJ� VXFK DV WKRVH LQTXLULQJ DERXW WKH VHTXHQFH RI DFWLRQV RU HYHQWV LQ YLGHRV�

%HQFKPDUNV� )RU 9,2/(7 DQG -XVW�$VN� ZH FRQGXFW WKH VWXG\ RQ $*4$ ��� >��@�

D ODUJH�VFDOH RSHQ�HQGHG YLGHR 4$ EHQFKPDUN ZKHUH VSDWLDO DQG WHPSRUDO LQIRUPDWLRQ

LV UHTXLUHG LQ HDFK TXHVWLRQ IRU HYDOXDWLQJ FRPSRVLWLRQDO UHDVRQLQJ� ,W FRQWDLQV ����0

TXHVWLRQ�DQVZHU SDLUV DQG ���. YLGHRV� )RU +(52� ZH FRQVLGHU 9,2/,1 >��@� D WDVN RI

MXGJLQJ K\SRWKHVHV IURP YLVXDO SUHPLVHV� ZKLFK KDV EHHQ RIILFLDOO\ WHVWHG LQ WKHLU H[SHU�

LPHQWV�

5HVXOW� ,Q 7DEOH ���� -XVW�$VN GHPRQVWUDWHV WKH VOLJKW FDSDELOLW\ RI WHPSRUDO PRGHOLQJ�

ZKLOH 9,2/(7 DQG +(52 DUH QRW VHQVLWLYH WR WKH RUGHU RI LQSXW IUDPHV� DQG WKHLU SHUIRU�

PDQFHV RI WDNLQJ QRUPDO DQG VKXIIOHG LQSXW IUDPHV DUH VLPLODU� 7KH UHVXOW VXJJHVWV FOHDU

LQVXIILFLHQF\ IRU WHPSRUDO UHODWLRQVKLS PRGHOLQJ�
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0HWKRG 3UH�WUDLQLQJ 'DWD $FF

&R097 >��@ ���0 ����
-XVW�$VN >��@ ��0 YLG ����
09�*37 >��@ ���0 ����
6LD6DP5HD >��@ ���0 LPJ ����
0(5/27 >��@ ���0 YLG ����
9,2/(7 >��@ ���0 YLG � ���0 YLG � �0 LPJ ����
)UR]HQ%L/0 >��@ ��0 YLG ����
6LQJXODULW\ >��@ ��0 LPJ � ���0 YLG ����

2XUV ��0 LPJ � ���. 94$ � ��. YLG ����

7DEOH ���� &RPSDULVRQ ZLWK SUHYLRXV PHWKRGV RQ $FWLYLW\1HW�4$� :H RXWSHUIRUP DOO
PHWKRGV ZLWK VLJQLILFDQWO\ OHVV SUH�WUDLQLQJ GDWD� 7KH GDWDVHW QDPHV DUH SURYLGHG LQ WKH
VXSSOHPHQW� �LPJ� LPDJHV� YLG� YLGHRV��

��� 9LGHR 4XHVWLRQ $QVZHULQJ

7DEOH ��� FRPSDUHV RXU PHWKRG ZLWK SULRU ZRUN RQ $FWLYLW\1HW�4$� :H RXWSHUIRUP

DOO SUHYLRXV PHWKRGV ZLWK RUGHUV RI PDJQLWXGHV OHVV SUH�WUDLQLQJ GDWD� 7KH SHUIRUPDQFH

RI HDFK TXHVWLRQ W\SH LV OLVWHG LQ 7DEOH ���� ZKHUH ³%HVW´ VKRZV WKH KLJKHVW VFRUHV DPRQJ

WKH WKUHH PHWKRGV LQ 7DEOH ���� DQG ³'LII´ OLVWV WKH GLIIHUHQFH EHWZHHQ %HVW DQG RXU SHUIRU�

PDQFH LQ SURSRUWLRQ WR %HVW� 2XU K\EULG PRGHO SHUIRUPV FRPSDUDEO\ ZLWK WKH ,/ PRGHO

LQ VSDWLDO PRGHOLQJ DQG ERRVWV 7HPSRUDO 5HODWLRQVKLSV� YHULI\LQJ WKH HIILFDF\ RI 750�

7\SH %HVW 2XUV 'LII ���

0RWLRQ ����� ����� �����
6SDWLDO 5HO� ����� ����� �����
7HPSRUDO 5HO� ���� ���� ����
<HV � 1R ����� ����� �����
&RORU ����� ����� ����
2EMHFW ����� ����� �����
/RFDWLRQ ����� ����� ����
1XPEHU ����� ����� �����
2WKHU ����� ����� �����

2YHUDOO ����� ����� ����

7DEOH ���� &RPSDULVRQ ZLWK SULRU PHWKRGV RQ $FLYLW\1HW�4$ E\ TXHVWLRQ W\SH� :H SHU�
IRUP FRPSDUDEO\ LQ TXHVWLRQ W\SHV RI VSDWLDO LQIRUPDWLRQ DQG LPSURYH WHPSRUDO PRGHOLQJ�

��
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7\SH %HVW Z�R 37 %HVW Z� 37 2XUV

5
HD
VR
QL
QJ

2EMHFW�5HO� ����� ����� �����
5HO��$FWLRQ ����� ����� �����
2EMHFW�$FWLRQ ����� ����� �����
6XSHUODWLYH ����� ����� �����
6HTXHQFLQJ ����� ����� �����
([LVWV ����� ����� �����
'XUDWLRQ &RPSDU� ����� ����� �����
$FWLYLW\ 5HFRJ� ���� ����� �����

6H
P
DQ
WLF 2EMHFW ����� ����� �����

5HO� ����� ����� �����
$FWLRQ ����� ����� �����

6W
UX
FW
XU
H

4XHU\ ����� ����� �����
&RPSDUH ����� ����� �����
&KRRVH ����� ����� �����
/RJLF ����� ����� �����
9HULI\ ����� ����� �����

2
YH
UD
OO %LQDU\ ����� ����� �����

2SHQ ����� ����� �����
$OO ����� ����� �����

7DEOH ���� &RPSDULVRQ ZLWK SULRU ZRUN RQ $*4$ ���� :H OLVW WKH EHVW SHUIRUPDQFH
DPRQJPHWKRGVZLWKRXW �%HVW Z�R 37� DQGZLWK SUH�WUDLQLQJ �%HVW Z� 37� IRU HDFK TXHVWLRQ
W\SH� 2XUV H[FHHGV DOO PHWKRGV LQ DOO TXHVWLRQ W\SHV� �5HO�� 5HODWLRQVKLSV� &RPSDU��
&RPSDULVRQ� 5HFRJ�� 5HFRJQLWLRQ��

7DEOH ��� SUHVHQWV WKH SHUIRUPDQFH RQ $*4$ ���� ZKLFK RIIHUV H[WHQVLYH DQQRWDWLRQ

RIPXOWLSOH DELOLWLHV QHFHVVDU\ WR DQVZHU HDFK TXHVWLRQ� :H OLVW WKH KLJKHVW DFFXUDF\ DPRQJ

WKH PHWKRGV ZLWKRXW SUH�WUDLQLQJ UHSRUWHG E\ >��@ �³%HVW Z�R 37´� DQG WKH KLJKHU VFRUHV

EHWZHHQ -XVW�$VN DQG 9,2/(7 �³%HVW Z� 37´�� 2XU PHWKRG VXUSDVVHV DOO SULRU ZRUN LQ

DOO TXHVWLRQ W\SHV� 7KH IXOO WDEOH DQG GHWDLOHG DQDO\VLV DUH SURYLGHG LQ WKH VXSSOHPHQW�

��� $EODWLRQ 6WXGLHV

:H SUHVHQW WKH LQIOXHQFH RI LQSXW PRGDOLWLHV DQG SUH�WUDLQLQJ RYHU $*4$ ��� WR VWXG\

WKH HIIHFW RI PRGHOLQJ GHFLVLRQV� $V OLVWHG LQ 7DEOH ���� TXHVWLRQ�RQO\ LQSXW UHYHDOV WKH

ODQJXDJH ELDV� ZKLFK VHUYHV DV D EDVHOLQH� 7KH ERRVW LQ SHUIRUPDQFH ZLWK IUDPHV DQG

��
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4XHVWLRQ )UDPHV 9LGHR $FF

! �����
! ! �����
! 94$ �����
! ! �����
! 750 �����
! 94$ ! �����
! 94$ 750 �����

! 94$ 750 �����

7DEOH ���� $EODWLRQ VWXG\ RI LQSXW PRGDOLWLHV DQG SUH�WUDLQLQJ VWUDWHJLHV RQ $*4$ ����
7KH UHVXOWV IDYRU RXU K\EULG SLSHOLQH DQG 750� �!PHDQV WKHPRGDOLW\ LV SUHVHQWHG� 94$�
SUHWUDLQHG RQ 94$� 750� SUH�WUDLQHG ZLWK 750� � VKXIIOHG LQSXW��

YLGHRV VXJJHVWV VXFFHVVIXO HQFRGLQJ� 3UHWUDLQLQJ WKH ,/ HQFRGHU ZLWK 94$ DQG WKH 9/

HQFRGHU ZLWK 750 ERWK HQKDQFH WKH PRGHOLQJ FDSDFLW\ IXUWKHU� 7KH SHUIRUPDQFH GURS

GXH WR VKXIIOLQJ YLGHRV YHULILHV WKH HIILFDF\ RI 750� 7KH IXOO UHVXOWV DUH LQFOXGHG LQ WKH

VXSSOHPHQW�

6WUHDP $FF

,PDJH�/DQJXDJH �����
9LGHR�/DQJXDJH �����

%RWK �����

7DEOH ���� $EODWLRQ VWXG\ RI WZR HQFRGLQJ VWUHDPV RQ $*4$ ����

,Q 7DEOH ���� ZH DEODWH WKH ,/ RU 9/ VWUHDP� $ PRGHO LV WUDLQHG ZLWK ERWK VWUHDPV

DQG WHVWHG RQ $*4$ ��� ZLWK D VLQJOH VWUHDP� 7KH SHUIRUPDQFH GUDVWLFDOO\ GURSV LQ ERWK

VHWWLQJV� SURYLQJ WKDW RXU K\EULG PRGHO LV QRW D WULYLDO HQVHPEOH�

��
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&KDSWHU � &RQFOXVLRQ

,Q WKLV ZRUN� ZH SURSRVH GHFRXSOLQJ VSDWLDO�WHPSRUDO PRGHOLQJ E\ LQWHJUDWLQJ ,/ DQG

9/ PRGHOV WR HQFRGH ILQH�JUDLQHG YLVXDO VHPDQWLFV� %HVLGHV� E\ GHYHORSLQJ DQ REMHFWLYH

WKDW SUH�WUDLQV WKH 9/ PRGHO WR FDSWXUH HYHQW�OHYHO WHPSRUDO UHODWLRQV� ZH DGYDQFH WKH

YLVXDO XQGHUVWDQGLQJ IRU YLGHR 4$ ZLWK PXFK OHVV SUH�WUDLQLQJ GDWD�

��
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5HIHUHQFHV

>�@ +� $JUDZDO� $� &KDQGUDVHNDUDQ� '� %DWUD� '� 3DULNK� DQG 0� %DQVDO� 6RUW VWRU\�

6RUWLQJ MXPEOHG LPDJHV DQG FDSWLRQV LQWR VWRULHV� ,Q 3URFHHGLQJV RI WKH ����

&RQIHUHQFH RQ (PSLULFDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ� SDJHV ���±����

$XVWLQ� 7H[DV� 1RY� ����� $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV�

>�@ 3� $QGHUVRQ� ;� +H� &� %XHKOHU� '� 7HQH\� 0� -RKQVRQ� 6� *RXOG� DQG /� =KDQJ�

%RWWRP�XS DQG WRS�GRZQ DWWHQWLRQ IRU LPDJH FDSWLRQLQJ DQG YLVXDO TXHVWLRQ DQ�

VZHULQJ� ,Q 3URFHHGLQJV RI WKH ,((( &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ

5HFRJQLWLRQ �&935�� -XQH �����

>�@ 0� %DLQ� $� 1DJUDQL� *� 9DURO� DQG $� =LVVHUPDQ� )UR]HQ LQ WLPH� $ MRLQW YLGHR

DQG LPDJH HQFRGHU IRU HQG�WR�HQG UHWULHYDO� ,Q ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ

&RPSXWHU 9LVLRQ� �����

>�@ 6� %XFK� &� (\]DJXLUUH� $� *DLGRQ� -� :X� /� )HL�)HL� DQG -� &� 1LHEOHV� 5HYLVLW�

LQJ WKH ´YLGHR´ LQ YLGHR�ODQJXDJH XQGHUVWDQGLQJ� ,Q 3URFHHGLQJV RI WKH ,(((�&9)

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� SDJHV ����±

����� -XQH �����

>�@ -� &DUUHLUD� (� 1RODQG� $� %DQNL�+RUYDWK� &� +LOOLHU� DQG $� =LVVHUPDQ� $ VKRUW QRWH

DERXW NLQHWLFV����� �����

��
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>�@ 6� &KDQJSLQ\R� 3� 6KDUPD� 1� 'LQJ� DQG 5� 6RULFXW� &RQFHSWXDO ��P� 3XVKLQJ ZHE�

VFDOH LPDJH�WH[W SUH�WUDLQLQJ WR UHFRJQL]H ORQJ�WDLO YLVXDO FRQFHSWV� ,Q 3URFHHGLQJV

RI WKH ,(((�&9) &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935��

SDJHV ����±����� -XQH �����

>�@ ;� &KHQ� +� )DQJ� 7��<� /LQ� 5� 9HGDQWDP� 6� *XSWD� 3� 'ROODU� DQG &� /� =LWQLFN�

0LFURVRIW FRFR FDSWLRQV� 'DWD FROOHFWLRQ DQG HYDOXDWLRQ VHUYHU� �����

>�@ 6� &KRL� .��:� 2Q� <��-� +HR� $� 6HR� <� -DQJ� 0� /HH� DQG %��7� =KDQJ� 'UDPDTD�

&KDUDFWHU�FHQWHUHG YLGHR VWRU\ XQGHUVWDQGLQJ ZLWK KLHUDUFKLFDO TD� 3URFHHGLQJV RI

WKH $$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� ����������±����� 0D\ �����

>�@ 3� 'DV� &� ;X� 5� )� 'RHOO� DQG -� -� &RUVR� $ WKRXVDQG IUDPHV LQ MXVW D IHZ ZRUGV�

/LQJXDO GHVFULSWLRQ RI YLGHRV WKURXJK ODWHQW WRSLFV DQG VSDUVH REMHFW VWLWFKLQJ� ,Q

���� ,((( &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ� SDJHV ����±

����� �����

>��@ $� 'LED� 0� )D\\D]� 9� 6KDUPD� 0� 3DOXUL� -� *DOO� 5� 6WLHIHOKDJHQ� DQG /� 9DQ *RRO�

/DUJH VFDOH KROLVWLF YLGHR XQGHUVWDQGLQJ� ,Q $� 9HGDOGL� +� %LVFKRI� 7� %UR[� DQG -��

0� )UDKP� HGLWRUV� &RPSXWHU 9LVLRQ ± (&&9 ����� SDJHV ���±���� &KDP� �����

6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ�

>��@ $� 'LED� 9� 6KDUPD� DQG /� 9DQ *RRO� 'HHS WHPSRUDO OLQHDU HQFRGLQJ QHWZRUNV� ,Q

3URFHHGLQJV RI WKH ,((( &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ

�&935�� -XO\ �����

>��@ $� 'RVRYLWVNL\� /� %H\HU� $� .ROHVQLNRY� '� :HLVVHQERUQ� ;� =KDL� 7� 8QWHUWKLQHU�

0� 'HKJKDQL� 0� 0LQGHUHU� *� +HLJROG� 6� *HOO\� -� 8V]NRUHLW� DQG 1� +RXOVE\�

��
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$Q LPDJH LV ZRUWK ��[�� ZRUGV� 7UDQVIRUPHUV IRU LPDJH UHFRJQLWLRQ DW VFDOH� ,Q

,QWHUQDWLRQDO &RQIHUHQFH RQ /HDUQLQJ 5HSUHVHQWDWLRQV� �����

>��@ &� )DQ� ;� =KDQJ� 6� =KDQJ� :� :DQJ� &� =KDQJ� DQG +� +XDQJ� +HWHURJH�

QHRXV PHPRU\ HQKDQFHG PXOWLPRGDO DWWHQWLRQ PRGHO IRU YLGHR TXHVWLRQ DQVZHU�

LQJ� ,Q 3URFHHGLQJV RI WKH ,(((�&9) &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ

5HFRJQLWLRQ �&935�� -XQH �����

>��@ &� )HLFKWHQKRIHU� +� )DQ� -� 0DOLN� DQG .� +H� 6ORZIDVW QHWZRUNV IRU YLGHR UHFRJQL�

WLRQ� ,Q 3URFHHGLQJV RI WKH ,(((�&9) ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 9LVLRQ

�,&&9�� 2FWREHU �����

>��@ &� )HLFKWHQKRIHU� $� 3LQ]� DQG 5�:LOGHV� 6SDWLRWHPSRUDO UHVLGXDO QHWZRUNV IRU YLGHR

DFWLRQ UHFRJQLWLRQ� ,Q '� /HH� 0� 6XJL\DPD� 8� /X[EXUJ� ,� *X\RQ� DQG 5� *DUQHWW�

HGLWRUV� $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV� YROXPH ��� &XUUDQ

$VVRFLDWHV� ,QF�� �����

>��@ &� )HLFKWHQKRIHU� $� 3LQ]� DQG 5� 3� :LOGHV� 6SDWLRWHPSRUDO PXOWLSOLHU QHWZRUNV

IRU YLGHR DFWLRQ UHFRJQLWLRQ� ,Q 3URFHHGLQJV RI WKH ,((( &RQIHUHQFH RQ &RPSXWHU

9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� -XO\ �����

>��@ &� )HLFKWHQKRIHU� $� 3LQ]� DQG $� =LVVHUPDQ� &RQYROXWLRQDO WZR�VWUHDP QHWZRUN

IXVLRQ IRU YLGHR DFWLRQ UHFRJQLWLRQ� ,Q 3URFHHGLQJV RI WKH ,((( &RQIHUHQFH RQ

&RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� -XQH �����

>��@ 7��-� )X� /� /L� =� *DQ� .� /LQ� :� <�:DQJ� /� :DQJ� DQG =� /LX� 9LROHW � (QG�WR�HQG

YLGHR�ODQJXDJH WUDQVIRUPHUV ZLWK PDVNHG YLVXDO�WRNHQ PRGHOLQJ� �����

>��@ -� *DR� 5� *H� .� &KHQ� DQG 5� 1HYDWLD� 0RWLRQ�DSSHDUDQFH FR�PHPRU\ QHWZRUNV

��
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IRU YLGHR TXHVWLRQ DQVZHULQJ� ,Q 3URFHHGLQJV RI WKH ,((( &RQIHUHQFH RQ &RPSXWHU

9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� -XQH �����

>��@ <� *R\DO� 7� .KRW� '� 6XPPHUV�6WD\� '� %DWUD� DQG '� 3DULNK� 0DNLQJ WKH 9 LQ 94$

PDWWHU� (OHYDWLQJ WKH UROH RI LPDJH XQGHUVWDQGLQJ LQ 9LVXDO 4XHVWLRQ $QVZHULQJ� ,Q

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� �����

>��@ 0� *UXQGH�0F/DXJKOLQ� 5� .ULVKQD� DQG 0� $JUDZDOD� $JTD� $ EHQFKPDUN

IRU FRPSRVLWLRQDO VSDWLR�WHPSRUDO UHDVRQLQJ� ,Q 3URFHHGLQJV RI WKH ,(((�&9)

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ� �����

>��@ 0� *UXQGH�0F/DXJKOLQ� 5� .ULVKQD� DQG 0� $JUDZDOD� $JTD ���� $Q XS�

GDWHG EHQFKPDUN IRU FRPSRVLWLRQDO VSDWLR�WHPSRUDO UHDVRQLQJ� DU;LY SUHSULQW

DU;LY������������ �����

>��@ '� +XDQJ� 3� &KHQ� 5� =HQJ� 4� 'X� 0� 7DQ� DQG &� *DQ� /RFDWLRQ�DZDUH JUDSK

FRQYROXWLRQDO QHWZRUNV IRU YLGHR TXHVWLRQ DQVZHULQJ� ,Q 3URFHHGLQJV RI WKH $$$,

&RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� YROXPH ��� SDJHV �����±������ �����

>��@ -� '� +ZDQJ� &� %KDJDYDWXOD� 5� /H %UDV� -� 'D� .� 6DNDJXFKL� $� %RVVHOXW� DQG

<� &KRL� &RPHW�DWRPLF ����� 2Q V\PEROLF DQG QHXUDO FRPPRQVHQVH NQRZOHGJH

JUDSKV� ,Q $$$,� �����

>��@ $� -DHJOH� 6� %RUJHDXG� -��%� $OD\UDF� &� 'RHUVFK� &� ,RQHVFX� '� 'LQJ� 6� .RS�

SXOD� '� =RUDQ� $� %URFN� (� 6KHOKDPHU� 2� -� +HQDII� 0� %RWYLQLFN� $� =LVVHUPDQ�

2� 9LQ\DOV� DQG -� &DUUHLUD� 3HUFHLYHU ,2� $ JHQHUDO DUFKLWHFWXUH IRU VWUXFWXUHG LQSXWV

	 RXWSXWV� ,Q ,QWHUQDWLRQDO &RQIHUHQFH RQ /HDUQLQJ 5HSUHVHQWDWLRQV� �����

>��@ $� -DHJOH� )� *LPHQR� $� %URFN� 2� 9LQ\DOV� $� =LVVHUPDQ� DQG -� &DUUHLUD� 3HUFHLYHU�

��
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*HQHUDO SHUFHSWLRQ ZLWK LWHUDWLYH DWWHQWLRQ� ,Q ,QWHUQDWLRQDO FRQIHUHQFH RQ PDFKLQH

OHDUQLQJ� SDJHV ����±����� 30/5� �����

>��@ <� -DQJ� <� 6RQJ� <� <X� <� .LP� DQG *� .LP� 7JLI�TD� 7RZDUG VSDWLR�WHPSRUDO

UHDVRQLQJ LQ YLVXDO TXHVWLRQ DQVZHULQJ� ,Q 3URFHHGLQJV RI WKH ,((( &RQIHUHQFH RQ

&RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� -XO\ �����

>��@ &� -LD� <� <DQJ� <� ;LD� <��7� &KHQ� =� 3DUHNK� +� 3KDP� 4� /H� <��+� 6XQJ� =� /L�

DQG 7� 'XHULJ� 6FDOLQJ XS YLVXDO DQG YLVLRQ�ODQJXDJH UHSUHVHQWDWLRQ OHDUQLQJ ZLWK

QRLV\ WH[W VXSHUYLVLRQ� ,Q 0� 0HLOD DQG 7� =KDQJ� HGLWRUV� 3URFHHGLQJV RI WKH

��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 0DFKLQH /HDUQLQJ� YROXPH ��� RI 3URFHHGLQJV

RI 0DFKLQH /HDUQLQJ 5HVHDUFK� SDJHV ����±����� 30/5� ��±�� -XO �����

>��@ -� -LDQJ� =� &KHQ� +� /LQ� ;� =KDR� DQG <� *DR� 'LYLGH DQG FRQTXHU� 4XHVWLRQ�JXLGHG

VSDWLR�WHPSRUDO FRQWH[WXDO DWWHQWLRQ IRU YLGHR TXHVWLRQ DQVZHULQJ� 3URFHHGLQJV RI

WKH $$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� ������������±������ $SU� �����

>��@ 3� -LDQJ DQG <� +DQ� 5HDVRQLQJ ZLWK KHWHURJHQHRXV JUDSK DOLJQPHQW IRU YLGHR TXHV�

WLRQ DQVZHULQJ� 3URFHHGLQJV RI WKH $$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH�

������������±������ $SU� �����

>��@ -� .LP� 0� 0D� .� .LP� 6� .LP� DQG &� '� <RR� 3URJUHVVLYH DWWHQWLRQ PHPRU\

QHWZRUN IRU PRYLH VWRU\ TXHVWLRQ DQVZHULQJ� ,Q 3URFHHGLQJV RI WKH ,(((�&9)

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� -XQH �����

>��@ 5� .ULVKQD� .� +DWD� )� 5HQ� /� )HL�)HL� DQG -� &� 1LHEOHV� 'HQVH�FDSWLRQLQJ HYHQWV

LQ YLGHRV� ,Q ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 9LVLRQ �,&&9�� �����

>��@ 5� .ULVKQD� <� =KX� 2� *URWK� -� -RKQVRQ� .� +DWD� -� .UDYLW]� 6� &KHQ� <� .DODQWLGLV�

/��-� /L� '� $� 6KDPPD� HW DO� 9LVXDO JHQRPH� &RQQHFWLQJ ODQJXDJH DQG YLVLRQ XVLQJ

��
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FURZGVRXUFHG GHQVH LPDJH DQQRWDWLRQV� ,QWHUQDWLRQDO MRXUQDO RI FRPSXWHU YLVLRQ�

���������±��� �����

>��@ 7�0� /H� 9� /H� 6� 9HQNDWHVK� DQG 7� 7UDQ� +LHUDUFKLFDO FRQGLWLRQDO UHODWLRQ QHWZRUNV

IRU PXOWLPRGDO YLGHR TXHVWLRQ DQVZHULQJ� ,QW� -� &RPSXW� 9LVLRQ� ������������ȉ

����� QRY �����

>��@ -� /HL� 7� /� %HUJ� DQG0� %DQVDO� 5HYHDOLQJ VLQJOH IUDPH ELDV IRU YLGHR�DQG�ODQJXDJH

OHDUQLQJ� �����

>��@ -� /HL� /� /L� /� =KRX� =� *DQ� 7� /� %HUJ� 0� %DQVDO� DQG -� /LX� /HVV LV PRUH�

&OLSEHUW IRU YLGHR�DQG�ODQJXDJH OHDUQLQJ YLD VSDUVH VDPSOLQJ� ,Q 3URFHHGLQJV RI WKH

,(((�&9) &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� SDJHV

����±����� -XQH �����

>��@ -� /HL� /� <X� 0� %DQVDO� DQG 7� /� %HUJ� 7YTD� /RFDOL]HG� FRPSRVLWLRQDO YLGHR

TXHVWLRQ DQVZHULQJ� ,Q (01/3� �����

>��@ -� /HL� /� <X� 7� %HUJ� DQG 0� %DQVDO� :KDW LV PRUH OLNHO\ WR KDSSHQ QH[W" YLGHR�

DQG�ODQJXDJH IXWXUH HYHQW SUHGLFWLRQ� ,Q 3URFHHGLQJV RI WKH ���� &RQIHUHQFH RQ

(PSLULFDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ �(01/3�� SDJHV ����±�����

2QOLQH� 1RY� ����� $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV�

>��@ -� /L� '� /L� &� ;LRQJ� DQG 6� +RL� %OLS� %RRWVWUDSSLQJ ODQJXDJH�LPDJH SUH�WUDLQLQJ

IRU XQLILHG YLVLRQ�ODQJXDJH XQGHUVWDQGLQJ DQG JHQHUDWLRQ� ,Q ,&0/� �����

>��@ -� /L� 5� 5� 6HOYDUDMX� $� '� *RWPDUH� 6� -RW\� &� ;LRQJ� DQG 6� +RL� $OLJQ EHIRUH

IXVH� 9LVLRQ DQG ODQJXDJH UHSUHVHQWDWLRQ OHDUQLQJ ZLWK PRPHQWXP GLVWLOODWLRQ� ,Q

$� %H\JHO]LPHU� <� 'DXSKLQ� 3� /LDQJ� DQG -� :� 9DXJKDQ� HGLWRUV� $GYDQFHV LQ

1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV� �����

��

http://dx.doi.org/10.6342/NTU202202028


GRL���������178���������

>��@ /� /L� <��&� &KHQ� <� &KHQJ� =� *DQ� /� <X� DQG -� /LX� +(52� +LHUDUFKLFDO HQFRGHU

IRU 9LGHR�/DQJXDJH RPQL�UHSUHVHQWDWLRQ SUH�WUDLQLQJ� ,Q 3URFHHGLQJV RI WKH ����

&RQIHUHQFH RQ (PSLULFDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ �(01/3�� SDJHV

����±����� 2QOLQH� 1RY� ����� $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV�

>��@ ;� /L� -� 6RQJ� /� *DR� ;� /LX�:�+XDQJ� ;� +H� DQG&� *DQ� %H\RQG UQQV� 3RVLWLRQDO

VHOI�DWWHQWLRQ ZLWK FR�DWWHQWLRQ IRU YLGHR TXHVWLRQ DQVZHULQJ� 3URFHHGLQJV RI WKH

$$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� �����������±����� -XO� �����

>��@ <� /L� <� 6RQJ� /� &DR� -� 7HWUHDXOW� /� *ROGEHUJ� $� -DLPHV� DQG -� /XR� 7*,)� $1HZ

'DWDVHW DQG %HQFKPDUN RQ $QLPDWHG *,) 'HVFULSWLRQ� ,Q 7KH ,((( &RQIHUHQFH RQ

&RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� -XQH �����

>��@ )� /LX� -� /LX� :�:DQJ� DQG +� /X� +DLU� +LHUDUFKLFDO YLVXDO�VHPDQWLF UHODWLRQDO UHD�

VRQLQJ IRU YLGHR TXHVWLRQ DQVZHULQJ� ,Q 3URFHHGLQJV RI WKH ,(((�&9) ,QWHUQDWLRQDO

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ �,&&9�� SDJHV ����±����� 2FWREHU �����

>��@ -� /LX� :� &KHQ� <� &KHQJ� =� *DQ� /� <X� <� <DQJ� DQG -� /LX� 9LROLQ� $ ODUJH�

VFDOH GDWDVHW IRU YLGHR�DQG�ODQJXDJH LQIHUHQFH� ,Q 3URFHHGLQJV RI WKH ,(((�&9)

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� -XQH �����

>��@ =� /LX� -� 1LQJ� <� &DR� <� :HL� =� =KDQJ� 6� /LQ� DQG +� +X� 9LGHR VZLQ WUDQV�

IRUPHU� ,Q 3URFHHGLQJV RI WKH ,(((�&9) &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG

3DWWHUQ 5HFRJQLWLRQ �&935�� SDJHV ����±����� -XQH �����

>��@ -� /X� '� %DWUD� '� 3DULNK� DQG 6� /HH� 9LOEHUW� 3UHWUDLQLQJ WDVN�DJQRVWLF YLVLROLQ�

JXLVWLF UHSUHVHQWDWLRQV IRU YLVLRQ�DQG�ODQJXDJH WDVNV� ,Q +� :DOODFK� +� /DURFKHOOH�

$� %H\JHO]LPHU� )� G
$OFKp�%XF� (� )R[� DQG 5� *DUQHWW� HGLWRUV� $GYDQFHV LQ 1HXUDO

,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV� YROXPH ��� &XUUDQ $VVRFLDWHV� ,QF�� �����

��
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>��@ +� /XR� /� -L� %� 6KL� +� +XDQJ� 1� 'XDQ� 7� /L� -� /L� 7� %KDUWL� DQG 0� =KRX� 8QLYO�

$ XQLILHG YLGHR DQG ODQJXDJH SUH�WUDLQLQJ PRGHO IRU PXOWLPRGDO XQGHUVWDQGLQJ DQG

JHQHUDWLRQ� �����

>��@ $� 0LHFK� -��%� $OD\UDF� /� 6PDLUD� ,� /DSWHY� -� 6LYLF� DQG $� =LVVHUPDQ� (QG�WR�

(QG /HDUQLQJ RI 9LVXDO 5HSUHVHQWDWLRQV IURP 8QFXUDWHG ,QVWUXFWLRQDO 9LGHRV� ,Q

&935� �����

>��@ $� 0LHFK� '� =KXNRY� -��%� $OD\UDF� 0� 7DSDVZL� ,� /DSWHY� DQG -� 6LYLF�

+RZWR���P� /HDUQLQJ D WH[W�YLGHR HPEHGGLQJ E\ ZDWFKLQJ KXQGUHG PLOOLRQ QDU�

UDWHG YLGHR FOLSV� ,Q 3URFHHGLQJV RI WKH ,(((�&9) ,QWHUQDWLRQDO &RQIHUHQFH RQ

&RPSXWHU 9LVLRQ �,&&9�� 2FWREHU �����

>��@ 6� 1D� 6� /HH� -� .LP� DQG *� .LP� $ UHDG�ZULWH PHPRU\ QHWZRUN IRU PRYLH VWRU\

XQGHUVWDQGLQJ� ,Q 3URFHHGLQJV RI WKH ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU

9LVLRQ� SDJHV ���±���� �����

>��@ -� 3DUN� -� /HH� DQG .� 6RKQ� %ULGJH WR DQVZHU� 6WUXFWXUH�DZDUH JUDSK LQWHUDFWLRQ

QHWZRUN IRU YLGHR TXHVWLRQ DQVZHULQJ� ,Q 3URFHHGLQJV RI WKH ,(((�&9) &RQIHUHQFH

RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� SDJHV �����±������ -XQH

�����

>��@ -� 6� 3DUN� &� %KDJDYDWXOD� 5� 0RWWDJKL� $� )DUKDGL� DQG <� &KRL� 9LVXDOFRPHW�

5HDVRQLQJ DERXW WKH G\QDPLF FRQWH[W RI D VWLOO LPDJH� ,Q ,Q 3URFHHGLQJV RI WKH

(XURSHDQ &RQIHUHQFH RQ &RPSXWHU 9LVLRQ �(&&9�� �����

>��@ /� 3HQJ� 6� <DQJ� <� %LQ� DQG *� :DQJ� 3URJUHVVLYH *UDSK $WWHQWLRQ 1HWZRUN IRU

9LGHR 4XHVWLRQ $QVZHULQJ� SDJH ����ȉ����� $VVRFLDWLRQ IRU &RPSXWLQJ 0DFKLQ�

HU\� 1HZ <RUN� 1<� 86$� �����

��
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>��@ $� 5DGIRUG� -� :� .LP� &� +DOODF\� $� 5DPHVK� *� *RK� 6� $JDUZDO� *� 6DVWU\�

$� $VNHOO� 3� 0LVKNLQ� -� &ODUN� *� .UXHJHU� DQG ,� 6XWVNHYHU� /HDUQLQJ WUDQVIHUDEOH

YLVXDO PRGHOV IURP QDWXUDO ODQJXDJH VXSHUYLVLRQ� �����

>��@ $� 5RKUEDFK� $� 7RUDEL� 0� 5RKUEDFK� 1� 7DQGRQ� &� 3DO� +� /DURFKHOOH�

$� &RXUYLOOH� DQG %� 6FKLHOH� 0RYLH GHVFULSWLRQ� ,QW� -� &RPSXW� 9LVLRQ� ���������ȉ

���� PD\ �����

>��@ 0� 6� 5\RR� $� 3LHUJLRYDQQL� 0� 7DQ� DQG $� $QJHORYD� $VVHPEOHQHW� 6HDUFKLQJ IRU

PXOWL�VWUHDP QHXUDO FRQQHFWLYLW\ LQ YLGHR DUFKLWHFWXUHV� ,Q ,QWHUQDWLRQDO &RQIHUHQFH

RQ /HDUQLQJ 5HSUHVHQWDWLRQV� �����

>��@ 0� 6� 5\RR� $� -� 3LHUJLRYDQQL� -� .DQJDVSXQWD� DQG $� $QJHORYD� $VVHPEOHQHW�

�� $VVHPEOLQJ PRGDOLW\ UHSUHVHQWDWLRQV YLD DWWHQWLRQ FRQQHFWLRQV� ,Q $� 9HGDOGL�

+� %LVFKRI� 7� %UR[� DQG -��0� )UDKP� HGLWRUV� &RPSXWHU 9LVLRQ ± (&&9 �����

SDJHV ���±���� &KDP� ����� 6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ�

>��@ 3� +� 6HR� $� 1DJUDQL� $� $UQDE� DQG &� 6FKPLG� (QG�WR�HQG JHQHUDWLYH SUHWUDLQLQJ

IRU PXOWLPRGDO YLGHR FDSWLRQLQJ� ,Q 3URFHHGLQJV RI WKH ,(((�&9) &RQIHUHQFH RQ

&RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� SDJHV �����±������ -XQH �����

>��@ 3� +� 6HR� $� 1DJUDQL� DQG &� 6FKPLG� /RRN EHIRUH \RX VSHDN� 9LVXDOO\ FRQWH[WXDO�

L]HG XWWHUDQFHV� ,Q &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� �����

>��@ 3� 6KDUPD� 1� 'LQJ� 6� *RRGPDQ� DQG 5� 6RULFXW� &RQFHSWXDO FDSWLRQV� $ FOHDQHG�

K\SHUQ\PHG� LPDJH DOW�WH[W GDWDVHW IRU DXWRPDWLF LPDJH FDSWLRQLQJ� ,Q 3URFHHGLQJV

RI $&/� �����

>��@ *� $� 6LJXUGVVRQ� *� 9DURO� ;� :DQJ� $� )DUKDGL� ,� /DSWHY� DQG $� *XSWD� +RO�

O\ZRRG LQ KRPHV� &URZGVRXUFLQJ GDWD FROOHFWLRQ IRU DFWLYLW\ XQGHUVWDQGLQJ� ,Q

��
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%� /HLEH� -� 0DWDV� 1� 6HEH� DQG 0� :HOOLQJ� HGLWRUV� &RPSXWHU 9LVLRQ ± (&&9

����� SDJHV ���±���� &KDP� ����� 6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ�

>��@ .� 6LPRQ\DQ DQG $� =LVVHUPDQ� 7ZR�VWUHDP FRQYROXWLRQDO QHWZRUNV IRU DFWLRQ

UHFRJQLWLRQ LQ YLGHRV� ,Q =� *KDKUDPDQL� 0� :HOOLQJ� &� &RUWHV� 1� /DZUHQFH� DQG

.� :HLQEHUJHU� HGLWRUV� $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV� YRO�

XPH ��� &XUUDQ $VVRFLDWHV� ,QF�� �����

>��@ :� 6X� ;� =KX� <� &DR� %� /L� /� /X� )� :HL� DQG -� 'DL� 9O�EHUW� 3UH�WUDLQLQJ RI

JHQHULF YLVXDO�OLQJXLVWLF UHSUHVHQWDWLRQV� ,Q ,QWHUQDWLRQDO &RQIHUHQFH RQ /HDUQLQJ

5HSUHVHQWDWLRQV� �����

>��@ &� 6XQ� )� %DUDGHO� .� 0XUSK\� DQG &� 6FKPLG� /HDUQLQJ YLGHR UHSUHVHQWDWLRQV XVLQJ

FRQWUDVWLYH ELGLUHFWLRQDO WUDQVIRUPHU� �����

>��@ &� 6XQ� $�0\HUV� &� 9RQGULFN� .�0XUSK\� DQG &� 6FKPLG� 9LGHREHUW� $ MRLQW PRGHO

IRU YLGHR DQG ODQJXDJH UHSUHVHQWDWLRQ OHDUQLQJ� ,Q 3URFHHGLQJV RI WKH ,(((�&9)

,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 9LVLRQ �,&&9�� 2FWREHU �����

>��@ +� 7DQ DQG 0� %DQVDO� /;0(57� /HDUQLQJ FURVV�PRGDOLW\ HQFRGHU UHSUHVHQWDWLRQV

IURP WUDQVIRUPHUV� ,Q 3URFHHGLQJV RI WKH ���� &RQIHUHQFH RQ (PSLULFDO 0HWKRGV LQ

1DWXUDO /DQJXDJH 3URFHVVLQJ DQG WKH �WK ,QWHUQDWLRQDO -RLQW &RQIHUHQFH RQ 1DWXUDO

/DQJXDJH 3URFHVVLQJ �(01/3�,-&1/3�� SDJHV ����±����� +RQJ .RQJ� &KLQD�

1RY� ����� $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV�

>��@ 0� 7DSDVZL� <� =KX� 5� 6WLHIHOKDJHQ� $� 7RUUDOED� 5� 8UWDVXQ� DQG 6� )LGOHU�

0RYLHTD� 8QGHUVWDQGLQJ VWRULHV LQ PRYLHV WKURXJK TXHVWLRQ�DQVZHULQJ� ,Q

3URFHHGLQJV RI WKH ,((( FRQIHUHQFH RQ FRPSXWHU YLVLRQ DQG SDWWHUQ UHFRJQLWLRQ�

SDJHV ����±����� �����

��
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>��@ $� 8URRM� $� 0D]DKHUL� 1� 'D YLWRULD ORER� DQG 0� 6KDK� 00)7�%(57� 0XOWLPRGDO

)XVLRQ 7UDQVIRUPHU ZLWK %(57 (QFRGLQJV IRU 9LVXDO 4XHVWLRQ $QVZHULQJ� ,Q

)LQGLQJV RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV� (01/3 ����� SDJHV

����±����� 2QOLQH� 1RY� ����� $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV�

>��@ $� 9DVZDQL� 1� 6KD]HHU� 1� 3DUPDU� -� 8V]NRUHLW� /� -RQHV� $� 1� *RPH]� /� X� .DLVHU�

DQG ,� 3RORVXNKLQ� $WWHQWLRQ LV DOO \RX QHHG� ,Q ,� *X\RQ� 8� 9� /X[EXUJ� 6� %HQJLR�

+�:DOODFK� 5� )HUJXV� 6� 9LVKZDQDWKDQ� DQG 5� *DUQHWW� HGLWRUV� $GYDQFHV LQ 1HXUDO

,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV� YROXPH ��� &XUUDQ $VVRFLDWHV� ,QF�� �����

>��@ $� -� :DQJ� <� *H� 5� <DQ� <� *H� ;� /LQ� *� &DL� -� :X� <� 6KDQ� ;� 4LH� DQG 0� =�

6KRX� $OO LQ RQH� ([SORULQJ XQLILHG YLGHR�ODQJXDJH SUH�WUDLQLQJ� �����

>��@ /� :DQJ� <� ;LRQJ� =� :DQJ� <� 4LDR� '� /LQ� ;� 7DQJ� DQG /� 9DQ *RRO� 7HPSRUDO

VHJPHQW QHWZRUNV� 7RZDUGV JRRG SUDFWLFHV IRU GHHS DFWLRQ UHFRJQLWLRQ� ,Q %� /HLEH�

-� 0DWDV� 1� 6HEH� DQG 0� :HOOLQJ� HGLWRUV� &RPSXWHU 9LVLRQ ± (&&9 ����� SDJHV

��±��� &KDP� ����� 6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ�

>��@ ;� :DQJ� -� :X� -� &KHQ� /� /L� <��)� :DQJ� DQG :� <� :DQJ� 9DWH[� $ ODUJH�

VFDOH� KLJK�TXDOLW\ PXOWLOLQJXDO GDWDVHW IRU YLGHR�DQG�ODQJXDJH UHVHDUFK� ,Q 7KH

,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 9LVLRQ �,&&9�� 2FWREHU �����

>��@ -� ;LDR� ;� 6KDQJ� $� <DR� DQG 7��6� &KXD� 1H[W�TD� 1H[W SKDVH RI TXHVWLRQ�

DQVZHULQJ WR H[SODLQLQJ WHPSRUDO DFWLRQV� ,Q 3URFHHGLQJV RI WKH ,(((�&9)

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� SDJHV ����±

����� -XQH �����

>��@ -� ;LDR� $� <DR� =� /LX� <� /L� :� -L� DQG 7��6� &KXD� 9LGHR DV FRQGLWLRQDO JUDSK

��
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KLHUDUFK\ IRU PXOWL�JUDQXODU TXHVWLRQ DQVZHULQJ� ,Q 3URFHHGLQJV RI WKH $$$,

&RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� �����

>��@ '� ;X� =� =KDR� -� ;LDR� )� :X� +� =KDQJ� ;� +H� DQG <� =KXDQJ� 9LGHR TXHVWLRQ DQ�

VZHULQJ YLD JUDGXDOO\ UHILQHG DWWHQWLRQ RYHU DSSHDUDQFH DQG PRWLRQ� ,Q 3URFHHGLQJV

RI WKH ��WK $&0 ,QWHUQDWLRQDO &RQIHUHQFH RQ 0XOWLPHGLD� 00 ¶��� SDJH ����ȉ

����� 1HZ <RUN� 1<� 86$� ����� $VVRFLDWLRQ IRU &RPSXWLQJ 0DFKLQHU\�

>��@ '� ;X� =� =KDR� -� ;LDR� )� :X� +� =KDQJ� ;� +H� DQG <� =KXDQJ� 9LGHR TXHVWLRQ DQ�

VZHULQJ YLD JUDGXDOO\ UHILQHG DWWHQWLRQ RYHU DSSHDUDQFH DQG PRWLRQ� ,Q 3URFHHGLQJV

RI WKH ��WK $&0 LQWHUQDWLRQDO FRQIHUHQFH RQ 0XOWLPHGLD� SDJHV ����±����� �����

>��@ .� ;X� -� /� %D� 5� .LURV� .� &KR� $� &RXUYLOOH� 5� 6DODNKXWGLQRY� 5� 6� =HPHO�

DQG <� %HQJLR� 6KRZ� DWWHQG DQG WHOO� 1HXUDO LPDJH FDSWLRQ JHQHUDWLRQ ZLWK YLVXDO

DWWHQWLRQ� ,Q 3URFHHGLQJV RI WKH ��QG ,QWHUQDWLRQDO &RQIHUHQFH RQ0DFKLQH /HDUQLQJ

� 9ROXPH ��� ,&0/¶��� SDJH ����ȉ����� -0/5�RUJ� �����

>��@ $� <DQJ� $� 0LHFK� -� 6LYLF� ,� /DSWHY� DQG &� 6FKPLG� -XVW DVN� /HDUQLQJ WR DQ�

VZHU TXHVWLRQV IURP PLOOLRQV RI QDUUDWHG YLGHRV� ,Q 3URFHHGLQJV RI WKH ,(((�&9)

,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 9LVLRQ� SDJHV ����±����� �����

>��@ $� <DQJ� $� 0LHFK� -� 6LYLF� ,� /DSWHY� DQG &� 6FKPLG� /HDUQLQJ WR DQVZHU YL�

VXDO TXHVWLRQV IURP ZHE YLGHRV� ,((( WUDQVDFWLRQV RQ SDWWHUQ DQDO\VLV DQG PDFKLQH

LQWHOOLJHQFH� 33� �����

>��@ $� <DQJ� $� 0LHFK� -� 6LYLF� ,� /DSWHY� DQG &� 6FKPLG� =HUR�VKRW YLGHR TXHVWLRQ

DQVZHULQJ YLD IUR]HQ ELGLUHFWLRQDO ODQJXDJH PRGHOV� �����

>��@ .� <L� &� *DQ� <� /L� 3� .RKOL� -� :X� $� 7RUUDOED� DQG -� %� 7HQHQEDXP� &OHYUHU�

��
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&ROOLVLRQ HYHQWV IRU YLGHR UHSUHVHQWDWLRQ DQG UHDVRQLQJ� ,Q ,QWHUQDWLRQDO &RQIHUHQFH

RQ /HDUQLQJ 5HSUHVHQWDWLRQV� �����

>��@ :� <X� +� =KHQJ� 0� /L� /� -L� /� :X� 1� ;LDR� DQG 1� 'XDQ� /HDUQLQJ IURP LQ�

VLGH� 6HOI�GULYHQ VLDPHVH VDPSOLQJ DQG UHDVRQLQJ IRU YLGHR TXHVWLRQ DQVZHULQJ�

,Q 0� 5DQ]DWR� $� %H\JHO]LPHU� <� 'DXSKLQ� 3� /LDQJ� DQG -� :� 9DXJKDQ� HGL�

WRUV� $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV� YROXPH ��� SDJHV �����±

������ &XUUDQ $VVRFLDWHV� ,QF�� �����

>��@ <� <X� -� .LP� DQG *� .LP� $ MRLQW VHTXHQFH IXVLRQ PRGHO IRU YLGHR TXHVWLRQ DQVZHU�

LQJ DQG UHWULHYDO� ,Q 3URFHHGLQJV RI WKH (XURSHDQ &RQIHUHQFH RQ &RPSXWHU 9LVLRQ

�(&&9�� 6HSWHPEHU �����

>��@ =� <X� '� ;X� -� <X� 7� <X� =� =KDR� <� =KXDQJ� DQG '� 7DR� $FWLYLW\QHW�TD� $ GDWDVHW

IRU XQGHUVWDQGLQJ FRPSOH[ ZHE YLGHRV YLD TXHVWLRQ DQVZHULQJ� 3URFHHGLQJV RI WKH

$$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� �����������±����� -XO� �����

>��@ 5� =HOOHUV� ;� /X� -� +HVVHO� <� <X� -� 6� 3DUN� -� &DR� $� )DUKDGL� DQG <� &KRL� 0HUORW�

0XOWLPRGDO QHXUDO VFULSW NQRZOHGJH PRGHOV� ,Q $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ

3URFHVVLQJ 6\VWHPV ��� �����

>��@ .��+� =HQJ� 7��+� &KHQ� &��<� &KXDQJ� <��+� /LDR� -� &� 1LHEOHV� DQG0� 6XQ� /HYHU�

DJLQJ YLGHR GHVFULSWLRQV WR OHDUQ YLGHR TXHVWLRQ DQVZHULQJ� 3URFHHGLQJV RI WKH$$$,

&RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� ������ )HE� �����

>��@ 3� =KDQJ� ;� /L� ;� +X� -� <DQJ� /� =KDQJ� /� :DQJ� <� &KRL� DQG -� *DR� 9LQYO�

5HYLVLWLQJ YLVXDO UHSUHVHQWDWLRQV LQ YLVLRQ�ODQJXDJH PRGHOV� ,Q 3URFHHGLQJV RI WKH

,(((�&9) &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ �&935�� SDJHV

����±����� -XQH �����

��
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>��@ =� =KDR� -� /LQ� ;� -LDQJ� '� &DL� ;� +H� DQG <� =KXDQJ� 9LGHR TXHVWLRQ DQVZHULQJ

YLD KLHUDUFKLFDO GXDO�OHYHO DWWHQWLRQ QHWZRUN OHDUQLQJ� ,Q 3URFHHGLQJV RI WKH ��WK

$&0 LQWHUQDWLRQDO FRQIHUHQFH RQ 0XOWLPHGLD� SDJHV ����±����� �����

>��@ =� =KDR� 4� <DQJ� '� &DL� ;� +H� <� =KXDQJ� =� =KDR� 4� <DQJ� '� &DL� ;� +H�

DQG <� =KXDQJ� 9LGHR TXHVWLRQ DQVZHULQJ YLD KLHUDUFKLFDO VSDWLR�WHPSRUDO DWWHQWLRQ

QHWZRUNV� ,Q ,-&$,� YROXPH �� SDJH �� �����

>��@ /� =KX DQG <� <DQJ� $FWEHUW� /HDUQLQJ JOREDO�ORFDO YLGHR�WH[W UHSUHVHQWDWLRQV�

,Q 3URFHHGLQJV RI WKH ,(((�&9) &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ

5HFRJQLWLRQ �&935�� -XQH �����

��
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$SSHQGL[ $ ² ,PSOHPHQWDWLRQ 'HWDLOV

$�� 0RGHO $UFKLWHFWXUHV

:H LQWURGXFH WKH GHWDLOV RI PRGXOHV LQ RXU YLGHR 4$ SLSHOLQH� )ROORZLQJ >��@ DQG

>��@� WKH LPDJH HQFRGHU LV D ���OD\HU 9LVLRQ 7UDQVIRUPHU >��@� DQG WKH YLGHR HQFRGHU FRQ�

WDLQV D 9LGHR 6ZLQ 7UDQVIRUPHU >��@ �6ZLQ�%� SUH�WUDLQHG RQ .LQHWLFV���� >�@ IRU IHDWXUH

H[WUDFWLRQ DQG D ��OD\HU 7UDQVIRUPHU IRU FRQWH[WXDOL]DWLRQ� 7KH TXHVWLRQ DQG DQVZHU HQ�

FRGHU DUH ERWK ��OD\HU 7UDQVIRUPHUV >��@ ZLWK HDFK OD\HU FRPSRVHG RI D VHOI�DWWHQWLRQ

RSHUDWLRQ DQG D IHHG�IRUZDUG QHWZRUN �))1�� 7KH LPDJH� DQG YLGHR�ODQJXDJH HQFRGHU DUH

WZR ��OD\HU 7UDQVIRUPHUV ZKHUH HDFK OD\HU FRQWDLQV DQ DGGLWLRQDO FURVV�DWWHQWLRQ RSHU�

DWLRQ >��� ��� ��� ��� ��@� LQ ZKLFK WH[W IHDWXUHV VHUYH DV TXHULHV DQG SHUIRUP DWWHQWLRQ

WR YLVXDO IHDWXUHV� 7KH TXHVWLRQ� LPDJH DQG LPDJH�ODQJXDJH HQFRGHU DUH WKH VDPH DV WKH

PRGXOHV RI $/%() >��@ SUH�WUDLQHG RQ 94$ >��@� 7KH YLGHR FRQWH[WXDOL]DWLRQ PRGXOH

DQG YLGHR�ODQJXDJH HQFRGHU DUH LQLWLDOL]HG IURP WKH TXHVWLRQ DQG LPDJH�ODQJXDJH HQFRGHU

UHVSHFWLYHO\� 7KH LPDJH DQG YLGHR HQFRGHU DUH IL[HG GXULQJ WKH ZKROH WUDLQLQJ SURFHVV�

'HWDLOHG SDUDPHWHUV DUH OLVWHG LQ 7DEOH $���

$V WKH RSWLPL]DWLRQ RI YLGHR HQFRGLQJ LV QRW LQFOXGHG LQ YLGHR�ODQJXDJH WUDLQLQJ� ZH

H[WUDFW DQG VDYH YLGHR IHDWXUHV WR VDYH PHPRU\� :H RSHUDWH WKH 9LGHR 6ZLQ 7UDQVIRUPHU

ZLWK WKH VDPH FRQILJXUDWLRQ RI 6ZLQ�%� ZKLFK VDPSOHV HYHU\ WZR IUDPHV DQG WUDQVIRUPV

��
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+\SHUSDUDPHWHU 9DOXH

(PEHGGLQJ 6L]H �D� ���
1XPEHU RI 3DWFKHV �N � ���
9LGHR )HDWXUH 6L]H �H� ����
))1 ,QQHU +LGGHQ 6L]H ����
1XPEHU RI $WWHQWLRQ +HDGV ��
$WWHQWLRQ 'URSRXW ���
'URSRXW ���

7DEOH $��� +\SHUSDUDPHWHUV IRU WKH DUFKLWHFWXUH�

D ZLQGRZ RI �� IUDPHV LQWR RQH IHDWXUH� )RU ORQJ YLGHRV� IRU H[DPSOH $FWLYLW\1HW >��@

ZLWK DQ DYHUDJH RI ��� VHFRQGV� ZH VKLIW WKH ZLQGRZ E\ �� IUDPHV� )RU RWKHUV� VXFK DV

WKH GDWDVHWV XVHG LQ SUH�WUDLQLQJ RU $*4$ ��� >��@� ZH VKLIW WKH ZLQGRZ E\ �� IUDPHV�

DQG WKXV HYHU\ ZLQGRZ RYHUODSV ZLWK WKH KDOI RI LWV SUHYLRXV DQG QH[W ZLQGRZ� )HDWXUHV

RI H[WUHPHO\ ORQJ YLGHRV DUH VDPSOHG VXFK WKDW DOO YLGHRV DUH ZLWKLQ D OLPLWHG OHQJWK�

$�� 9LGHR�/DQJXDJH 3UH�WUDLQLQJ

$���� 'HWDLOV RI 4XHVWLRQ DQG 9LGHR 6\QWKHVLV IRU 7HPSRUDO 5HIHU�

ULQJ 0RGHOLQJ

7HPSRUDO 5HIHUULQJ 0RGHOLQJ �750� JHQHUDWHV TXHVWLRQV WR LQTXLUH DERXW DEVROXWH

DQG UHODWLYH WHPSRUDO SRVLWLRQV RI VSHFLILF HYHQWV LQ YLGHRV� $ TXHVWLRQ LV IRUPHG E\

FKRRVLQJ IURP ILYH WHPSODWHV DQG ILOOLQJ YLGHR GHVFULSWLRQV LQWR WKH WHPSODWH� 7KH FKRLFH

RI WHPSODWHV LQFOXGHV ³:KDW KDSSHQV"´� ³:KDW KDSSHQV DW WKH EHJLQQLQJ"´� ³:KDW KDS�

SHQV DW WKH HQG"´� ³:KDW KDSSHQV EHIRUH [event x]"´� DQG ³:KDW KDSSHQV DIWHU [event

x]"´� ZKHUH WKH ILUVW TXHVWLRQ LV LUUHOHYDQW WR WHPSRUDO UHODWLRQV EXW LQFRUSRUDWHG WR IDFLO�

LWDWH YLGHR�ODQJXDJH PDWFKLQJ� 7KH RWKHU IRXU TXHVWLRQV DUH GHVLJQHG IRU UHVHPEODQFH WR

YLGHR 4$ UHTXLULQJ WHPSRUDO PRGHOLQJ� VXFK DV 7HPSRUDO 5HODWLRQVKLSV LQ $FWLYLW\1HW�

��
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4$ >��@ RU 6WDWH 7UDQVLWLRQ LQ 7*,)�4$ >��@�

([FHSW IRU WKH ILUVW TXHVWLRQ SDLUHG ZLWK D VLQJOH YLGHR� WKH FRUUHVSRQGLQJ YLGHRV RI

RWKHU TXHVWLRQV DUH V\QWKHVL]HG E\ FRQFDWHQDWLQJ YLGHRV VDPSOHG IURP YLGHR FDSWLRQLQJ

GDWDVHWV� 7KLV RSHUDWLRQ VLPXODWHV D VHTXHQFH RI HYHQWV WKDW KDSSHQ RQH DIWHU DQRWKHU DQG

SURYLGHV XV WKH H[DFW SRVLWLRQ RI HDFK HYHQW�

2QH PD\ EH FRQFHUQHG WKDW WKH WUDQVLWLRQV RI HYHQWV LQ UHDO YLGHRV DUH UDWKHU VPRRWK

DQG DPELJXRXV� LQVWHDG RI FOHDU GLIIHUHQFH EHWZHHQ YLGHRV LQ D UDQGRP FRQFDWHQDWHG YLGHR

VHTXHQFH ZKHUH SHRSOH� REMHFWV DQG DOPRVW WKH HQWLUH VFHQHV GUDVWLFDOO\ FKDQJH� )RU H[DP�

SOH� LQ D YLGHR ZKHUH SHRSOH FOHDQ XS WKH WDEOH DIWHU ILQLVKLQJ GLQQHU LQ WKH GLQQLQJ URRP�

PRVW RI WKH YLVXDO HOHPHQWV� VXFK DV WKH SHRSOH DQG VFHQH� UHPDLQ WKH VDPH� EXW ZH KXPDQV

FDQ HDVLO\ UHFRJQL]H WKHVH WZR HYHQWV E\ FRPSDULQJ WKH DFWLRQV DQG LQWHUDFWLRQ RI WKH SHR�

SOH LQ WKH YLGHR� :KLOH 750 FDQQRW JHQHUDWH VXFK YLGHRV� RXU PRGHO KDV OHDUQHG VLPLODU

FDSDELOLW\ ZLWK 750 WR FRPSDUH KXPDQ DFWLRQV DQG LQWHUDFWLRQV EHWZHHQ PRPHQWV� 'XU�

LQJ ILQH�WXQLQJ� LW FDQ IRFXV RQ DGDSWLQJ WR VPRRWK WUDQVLWLRQV� DQG WKXV OHDUQ IDVWHU WKDQ

PRGHOV ZLWK QHLWKHU WKH FDSDELOLW\ RI WHPSRUDO UHDVRQLQJ QRU HYHQW UHFRJQLWLRQ�

$���� $X[LOLDU\ 2EMHFWLYH ZLWK &RQWUDVWLYH /HDUQLQJ

,Q DGGLWLRQ WR 750� ZH DSSO\ DQ DX[LOLDU\ REMHFWLYH GXULQJ SUH�WUDLQLQJ� ZKLFK DOLJQV

YLGHR IHDWXUHV ZLWK FRUUHVSRQGLQJ FDSWLRQV E\ FRQWUDVWLYH OHDUQLQJ� ZLGHO\ XVHG LQ LPDJH�

DQG YLGHR�ODQJXDJH SUH�WUDLQLQJ >��� ��� ��� ��� ��� ��@� 6SHFLILFDOO\� ZLWK WKH FRQFDWH�

QDWHG YLGHR IHDWXUH VHTXHQFH H = {e11, ..., e1M1
, e21, ..., e

K
MK

}� ZH DGG WKH EHJLQQLQJ DQG WKH

HQG WRNHQ EHIRUH DQG DIWHU WKH VHTXHQFH� DV ZHOO DV WKH WHPSRUDO SRVLWLRQ HQFRGLQJ WR HDFK

IHDWXUH� 7KHQ DIWHU FRQWH[WXDOL]DWLRQ� ZH KDYH Y = {vbos, v11, ..., v
1
M1

, v21, ..., v
K
MK

, veos}�

��
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7R DOLJQ HDFK YLGHR WR LWV FDSWLRQ� WKH REMHFWLYH OHDUQV D VLPLODULW\ IXQFWLRQ VLP(v, c) =

gv(fv(v))Tgc(fc(c))� VXFK WKDW SDUDOOHO YLGHR�FDSWLRQ SDLUV KDYH KLJKHU VLPLODULW\ VFRUHV�

fv SURGXFHV WKH UHSUHVHQWDWLRQ RI Vk� ZKLFK DYHUDJHV WKH IHDWXUHV RI D YLGHR� H�J� fv(Vk) =

∑Mk
m=1 v

k
m� DQG fc GHOLYHUV WKH UHSUHVHQWDWLRQ RI D FDSWLRQ� ZKLFK LV WKH [CLS] HPEHGGLQJV

RI WKH FDSWLRQ IHDWXUH HQFRGHG E\ WKH TXHVWLRQ HQFRGHU� gv DQG gc DUH WZR OLQHDU WUDQVIRU�

PDWLRQV WKDW PDS WKH WZR UHSUHVHQWDWLRQV LQWR D QRUPDOL]HG ORZHU�GLPHQVLRQDO VSDFH�

)ROORZLQJ >��@� ZH FDOFXODWH WKH VRIWPD[�QRUPDOL]HG YLGHR�WR�FDSWLRQ DQG FDSWLRQ�

WR�YLGHR VLPLODULW\ DV�

pY�Fk (Vk) =
H[S(VLP(Vk, Ck)/τ)∑K
i=1 H[S(VLP(Vk, Ci)/τ)

, pF�Yk (Ck) =
H[S(VLP(Ck,Vk)/τ)∑K
i=1 H[S(VLP(Ck,Vi)/τ)

, �$���

ZKHUH τ LV D OHDUQDEOH WHPSHUDWXUH SDUDPHWHU� 7R LQFUHDVH WKH GLIILFXOW\� ZH FROOHFW YLGHR�

FDSWLRQ SDLUV IURP DOO YLGHR VHTXHQFHV LQ WKH VDPH PLQL�EDWFK B� DQG WKXV K LV K WLPHV

WKH VL]H RI D PLQL�EDWFK LQ SUDFWLFH� 7KHQ� VLPLODU WR >��� ��@� OHW yY�F(v) DQG yF�Y(c) GHQRWH

WKH JURXQG�WUXWK RQH�KRW VLPLODULW\� ZKHUH WKH SUREDELOLW\ RI SRVLWLYH DQG QHJDWLYH SDLU DUH

� DQG �� 7KH YLGHR�FDSWLRQ FRQWUDVWLYH ORVV LV GHILQHG DV WKH FURVV�HQWURS\ &( EHWZHHQ p

DQG y�

L =
1

2
E(V,C)∼B[&((yY�F(V),pY�F(V)) + &((yF�Y(C),pF�Y(C))] �$���

$���� 3UH�WUDLQLQJ 'DWDVHWV

750 VDPSOHV YLGHR�FDSWLRQ SDLUV IURP YLGHR FDSWLRQLQJ GDWDVHWV� :H ZDQW WKH

GDWDVHWV DV GLYHUVH DV SRVVLEOH� QRW OLPLWHG WR FRRNLQJ >�@� PRYLHV >��@� RU LQGRRU DFWLRQV

>��@� 7R PDLQWDLQ WKH FRPSXWDWLRQ ZLWKLQ DQ DIIRUGDEOH VL]H� YLGHRV FDQQRW EH WRR ORQJ

>��@� RU D YLGHR VHTXHQFH ZRXOG FRQVLVW RI IHZ YLGHRV� ZKLFK SURKLELW WKH PRGHO IURP

��

http://dx.doi.org/10.6342/NTU202202028


GRL���������178���������

OHDUQLQJ ORQJ�WHUP WHPSRUDO GHSHQGHQF\�

:H SUH�WUDLQ WKH YLGHR�ODQJXDJH HQFRGHU RYHU 9$7(; >��@ DQG 7*,) >��@� 9$7(;

FRQWDLQV ��N YLGHRV IURP .LQHWLFV���� >�@ DQG ���N VHQWHQFHV� ZKHUH HDFK YLGHR LV SDLUHG

ZLWK PXOWLSOH GHVFULSWLRQV� 7KH OHQJWK RI WKH YLGHRV DUH DOO �� VHFRQGV� FURSSHG IRU SUHFLVH

DFWLRQ UHFRJQLWLRQ LQ .LQHWLFV� 7*,) LV DQ RSHQ�GRPDLQ GDWDVHW FRQWDLQLQJ ���. DQLPDWHG

*,)V IURP 7XPEOU DQG ���. VHQWHQFH GHVFULSWLRQV� 7KH GXUDWLRQ RI HDFK *,) LV DURXQG

��� VHFRQGV� :H OHDYH SUH�WUDLQLQJ ZLWK ORQJHU YLGHRV DQG ODUJHU GDWDVHWV IRU IXWXUH ZRUN�

$�� 2SWLPL]DWLRQ

+\SHUSDUDPHWHU 3UH�7UDLQ $FW4$ $*4$

/HDUQLQJ 5DWH �%DVH� �H�� �H�� �H��
/HDUQLQJ 5DWH �9LGHR� �H�� �H�� �H��
/HDUQLQJ 5DWH �0/3� ���H�� �H�� �H��
/HDUQLQJ 5DWH �$QV� �H�� �H�� �H��
:HLJKW 'HFD\ �H�� �H�� �H��
$GDP: ε �H�� �H�� �H��
$GDP: β1 ��� ��� ���
$GDP: β2 ���� ���� ����
7UDLQLQJ 6WHSV ��. � �
7UDLQLQJ (SRFKV � � �
:DUPXS ���� ��� ���
%DWFK 6L]H ��� �� ��
0D[ 9LGHR /HQJWK ��� ��� ���
0D[ 4XHVWLRQ /HQJWK �� � �
1XPEHU RI 9LGHRV �K� � � �
1XPEHU RI )UDPHV �T � � �� �

7DEOH $��� +\SHUSDUDPHWHUV IRU SUH�WUDLQLQJ �3UH�7UDLQ�� $FWLYLW\1HW�4$ �$FW4$�� DQG
$*4$ ��� �$*4$�� %DVH� WKH TXHVWLRQ� LPDJH� DQG LPDJH�ODQJXDJH HQFRGHU� 9LGHR� WKH
YLGHR DQG YLGHR�ODQJXDJH HQFRGHU� $QV� WKH DQVZHU HQFRGHU�

7KH SUH�WUDLQLQJ DQG ILQH�WXQLQJ DUH DOO RSWLPL]HG ZLWK $GDP: RSWLPL]HU DQG OLQHDU

GHFD\ VFKHGXOLQJ DIWHU ZDUPXS� $OO H[SHULPHQWV DUH UXQ ZLWK WZR 19,',$ 57; ����V�

ZLWK ZKLFK WKH SUH�WUDLQLQJ WDNHV DERXW �� KRXUV� 'HWDLOHG K\SHUSDUDPHWHUV DUH SURYLGHG

��
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LQ 7DEOH $���

��
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$SSHQGL[ % ² ([SHULPHQW 'HWDLOV

%�� 'HWDLOV RI 7HPSRUDO 0RGHOLQJ $QDO\VLV

6RPH PD\ TXHVWLRQ RXU SUHOLPLQDU\ DQDO\VLV RI WHPSRUDO PRGHOLQJ� LQ ZKLFK ZH

ILUVW WUDLQ D PRGHO ZLWK QRUPDO LQSXWV DQG WHVW LW ZLWK QRUPDO DQG VKXIIOHG LQSXWV� 7KH

SHUIRUPDQFH GURSV LPSO\ WKH VHQVLWLYLW\ WR WKH RUGHU RI IUDPHV� DQG WKXV OLWWOH GLIIHUHQFH

PD\ LQGLFDWH WKH LQFRPSHWHQFH RI WHPSRUDO PRGHOLQJ� 7UDLQLQJ DQG WHVWLQJ D PRGHO ZLWK

VKXIIOHG LQSXW FDQ DOVR FRPSOHWHO\ HOLPLQDWHV WKH WHPSRUDO LQIRUPDWLRQ� EXW WKLV DSSURDFK

RQO\ UHYHDOV KRZ ZHOO D PRGHO VROYHV D WDVN ZLWK VSDWLDO LQIRUPDWLRQ �RU GDWDVHW ELDV LI WKH

WDVN LV GHVLJQHG IRU HYDOXDWLQJ WHPSRUDO PRGHOLQJ�� DQG WKXV LW LV QRW VXLWDEOH IRU DVVHVVLQJ

D PRGHO¶V FDSDELOLW\ RI WHPSRUDO PRGHOLQJ�

:H FRQGXFW WKH DQDO\VLV RQ $*4$ DQG9,2/,1 DV VRPH RWKHU YLGHR 4$ EHQFKPDUNV

DUH OHVV DSSURSULDWH� )RU H[DPSOH� VRPH TXHVWLRQV LQ $FWLYLHW1HW�4$ QHHG RQO\ VSDWLDO

NQRZOHGJH� ,Q 1H;7�4$ >��@� ZKLOH ��� TXHVWLRQV DUH DERXW WHPSRUDO UHODWLRQV� RWKHUV

DLP DW VSDWLDO LQIRUPDWLRQ RU PRUH DGYDQFHG FRJQLWLRQ� H�J� FDXVDO UHDVRQLQJ� 7KH VSOLW

RI 6WDWH 7UDQVLWLRQ LQ 7*,)�4$ >��@� WKRXJK H[SHFWHG WR ILW WKLV DQDO\VLV ZHOO� FRXOG EH

VROYHG E\ 9,2/(7 ZLWKRXW XQGHUVWDQGLQJ WKH RUGHU RI IUDPHV LQ RXU H[SHULPHQW �7DEOH

%����

��
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0HWKRG %HQFKPDUN $FFXUDF\

9,2/(7 7*,)�4$ �����
7*,)�4$ �����±���

7DEOH %��� 5HVXOWV RI 9,2/(7 WDNLQJ VKXIIOHG IUDPHV DV LQSXW RQ WKH TXHVWLRQV RI 6WDWH
7UDQVLWLRQ RI 7*,)�4$� � VLJQLILHV WKDW LQSXW IUDPHV DUH VKXIIOHG� :H UHSRUW WKH DYHUDJH
RI WKUHH UHVXOWV IRU WKH VKXIIOH H[SHULPHQW��

%�� 3UH�WUDLQLQJ 'DWD 8VHG E\ 3ULRU $SSURDFKHV

&RPSDUHG ZLWK VWDWH�RI�WKH�DUW DSSURDFKHV� RXU YLGHR 4$ SLSHOLQH DFKLHYHV EHWWHU

SHUIRUPDQFH RQ $FWLYLW\1HW�4$ ZLWK RUGHUV RI PDJQLWXGH OHVV SUH�WUDLQLQJ GDWD� :H

OLVW VRPH ZLGHO\�XVHG SUH�WUDLQLQJ GDWDVHWV WKDW DUH DEEUHYLDWHG LQ 7DEOH � RI WKH PDLQ

SDSHU� ���0� +RZ7R���0 >��@� ��0� +RZ7R94$��0 >��@� ���0� <7�7HPSRUDO�

���0 >��@� ���0� :HE9LG >�@� ��0��0� &RQFHSWXDO &DSWLRQ >�� ��@� ���0� &2&2

>�@�9LVXDO*HQRPH >��@�

%�� )XOO 5HVXOWV DQG $QDO\VLV RQ $*4$ ���

$*4$ ��� SURYLGHV H[WHQVLYH DQQRWDWLRQV WKDW HDFK TXHVWLRQ LV DVVRFLDWHG ZLWK UHD�

VRQLQJ DELOLWLHV QHFHVVDU\ WR DQVZHU WKH TXHVWLRQ� 7KH DQQRWDWLRQV FRYHU IRXU DVSHFWV�

UHDVRQLQJ W\SHV� VHPDQWLFV FODVV� VWUXFWXUHV� DQG DQVZHU W\SHV� 5HDVRQLQJ W\SHV GHILQH

WKH GHVLJQ RI TXHVWLRQ WHPSODWHV IRU HYDOXDWLQJ FHUWDLQ UHDVRQLQJ DELOLWLHV� :H OLVW VRPH

H[DPSOHV RI TXHVWLRQ WHPSODWHV FUHDWHG E\ >��@ LQ 7DEOH %�� IRU WKH IROORZLQJ DQDO\VLV RI

RXU PRGHO¶V EHKDYLRU� 7KH VHPDQWLFV FODVV RI D TXHVWLRQ GHVFULEHV LWV PDLQ VXEMHFW� DQ

REMHFW� UHODWLRQVKLS RU DFWLRQ� 4XHVWLRQ VWUXFWXUHV LQFOXGH RSHQ TXHVWLRQV �TXHU\�� FRP�

SDULQJ DWWULEXWHV RI WZR RSWLRQV �FRPSDUH�� FKRRVLQJ EHWZHHQ WZR RSWLRQV �FKRRVH�� \HV�

��
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QR TXHVWLRQV �YHULI\�� DQG XQGHUVWDQGLQJ RI ORJLFDO RSHUDWRU� VXFK DV ³DQG´ RU ³RU´� 4XHV�

WLRQV KDYH ELQDU\ DQVZHU W\SH UHVWULFW DQVZHU FKRLFHV� VXFK DV <HV�1R� EHIRUH�$IWHU RU WZR

VSHFLILHG RSWLRQV� ZKLOH PDQ\ DQVZHUV DUH SRVVLEOH WR RSHQ TXHVWLRQV�

5HDVRQLQJ 7\SH ([DPSOH RI 7HPSODWH

2EMHFW�5HODWLRQVKLS :KDW�:KR�:KHQ�:KHUH�+RZ GLG WKH\ �UHO! �REMHFW!"
5HODWLRQVKLS�$FWLRQ 'LG WKH\ �UHODWLRQ! VRPHWKLQJ EHIRUH RU DIWHU �DFWLRQ!"
2EMHFW�$FWLRQ 'LG WKH\ LQWHUDFW ZLWK �REMHFW! EHIRUH RU DIWHU �DFWLRQ!"
6XSHUODWLYH :KDW ZHUH WKH\ �DFWLRQ! ILUVW�ODVW"
6HTXHQFLQJ :KDW GLG WKH SHUVRQ GR DIWHU �DFWLRQ!"
([LVWV 'LG�'RHV�'R �FRQFHSW! RFFXU"
'XUDWLRQ &RPSDULVRQ 'LG WKH\ �DFWLRQ�! RU �DFWLRQ�! IRU ORQJHU"
$FWLYLW\ 5HFRJQLWLRQ :KDW GRHV WKH SHUVRQ GR EHIRUH�DIWHU�ZKLOH �DFWLRQ!"

7DEOH %��� 5HDVRQLQJ W\SHV DQG H[DPSOHV RI WKHLU WHPSODWHV RI $*4$ ����

%���� )XOO 5HVXOWV RI 7HPSRUDO 0RGHOLQJ $QDO\VLV

7KH IXOO UHVXOWV RI 7DEOH � LQ WKH PDLQ SDSHU DUH SUHVHQWHG LQ 7DEOH %��� ZKHUH ZH

JDXJH WKH HIILFDF\ RI WHPSRUDO PRGHOLQJ RI SULRU DSSURDFKHV E\ LQSXWWLQJ VKXIIOHG YLGHRV

DQG PHDVXULQJ SHUIRUPDQFH GURS� :KLOH -XVW�$VN >��@ GHPRQVWUDWHV LPSURYHPHQW LQ

5HODWLRQVKLS�$FWLRQ� 2EMHFW�$FWLRQ DQG 6HTXHQFLQJ� 9,2/(7 >��@ SHUIRUPV VLPLODU LQ

PRVW W\SHV� 7KH SRRU SHUIRUPDQFH RI 9,2/(7 PD\ EH DWWULEXWHG WR VSDUVHO\ VDPSOLQJ� E\

ZKLFK WKH\ HQDEOHG HQG�WR�HQG WUDLQLQJ� EXW IHZ IUDPHV VHHP QRW DEOH WR VXPPDUL]H WKH

WHPSRUDO G\QDPLFV RI ZKROH YLGHRV�

%���� )XOO 5HVXOWV DQG $QDO\VLV RI 2XU 0HWKRG

:H VKRZ WKH IXOO UHVXOWV RI RXU PHWKRG RQ $*4$ ��� ZLWK DEODWLRQ RI FRPSRQHQWV

DQG SUH�WUDLQLQJ VWUDWHJLHV LQ 7DEOH %���

:H ILUVW H[DPLQH WKH SHUIRUPDQFH RI LQSXWWLQJ RQO\ TXHVWLRQV �7�� ZKLFK UHYHDOV WKH

��
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7\SH -XVW�$VN -XVW�$VN 9,2/(7 9,2/(7

5
HD
VR
QL
QJ

2EMHFW�5HODWLRQVKLS ����� ����� ����� �����
5HODWLRQVKLS�$FWLRQ ����� ����� ����� �����
2EMHFW�$FWLRQ ����� ����� ����� �����
6XSHUODWLYH ����� ����� ����� �����
6HTXHQFLQJ ����� ����� ����� �����
([LVWV ����� ����� ����� �����
'XUDWLRQ &RPSDULVRQ ����� ����� ����� �����
$FWLYLW\ 5HFRJQLWLRQ ����� ����� ���� ����

6H
P
DQ
WLF 2EMHFW ����� ����� ����� �����

5HODWLRQVKLS ����� ����� ����� �����
$FWLRQ ����� ����� ����� �����

6W
UX
FW
XU
H

4XHU\ ����� ����� ����� �����
&RPSDUH ����� ����� ����� �����
&KRRVH ����� ����� ����� �����
/RJLF ����� ����� ����� �����
9HULI\ ����� ����� ����� �����

2
YH
UD
OO %LQDU\ ����� ����� ����� �����

2SHQ ����� ����� ����� �����
$OO ����� ����� ����� �����

7DEOH %��� )XOO UHVXOWV RI WKH SUHOLPLQDU\ DQDO\VLV RI WHPSRUDO PRGHOLQJ RQ $*4$ ����
� PHDQV VKXIIOHG LQSXW� :H UHSRUW WKH UHVXOW RI RQH H[SHULPHQW��

ELDV RI WKH GDWDVHWV DV WKHVH TXHVWLRQV FDQ EH VROYHG ZLWKRXW JURXQGLQJ WR YLGHRV� :LWK

ULJRURXV EDODQFLQJ SURFHGXUH� WKLV PRGHO FDQQRW DFKLHYH PRUH WKDQ ��� DFFXUDF\ RQ DQ\

TXHVWLRQ W\SH� EXW VRPH TXHVWLRQV� IRU H[DPSOH� WKRVH EHORQJLQJ WR 5HODWLRQVKLS�$FWLRQ�

2EMHFW�$FWLRQ� DQG ([LVWV DSSHDU HDVLHU WKDQ RWKHUV�

,QSXWWLQJ IUDPHV �7�)� LPSURYHV WKH RYHUDOO SHUIRUPDQFH E\ DERXW ��� DFFXUDF\�

ZKLFK PRVWO\ FRPHV IURP 2EMHFW�5HODWLRQVKLS DQG ([LVWV� ,W LV UHDVRQDEOH DV WKHVH TXHV�

WLRQV LQYROYH OHVV WHPSRUDO LQIRUPDWLRQ DFFRUGLQJ WR WKH WHPSODWHV� DQG WKH\ DUH PRUH

OLNHO\ WR EH VROYHG ZLWK D IHZ VWDWLF IUDPHV ZLWK VSDWLDO LQIRUPDWLRQ DERXW KXPDQV� RE�

MHFWV� DQG VFHQHV� 3UH�WUDLQLQJ WKH LPDJH�ODQJXDJH HQFRGHU ZLWK 94$ >��@ �7�)� VKRZV

IXUWKHU LPSURYHPHQW LQ ([LVWV� ZKLFK VHHPV PRUH VLPLODU WR WKH TXHVWLRQ GHVLJQ RI LPDJH

4$�

$FFHVVLQJ WR YLGHRV �7�9� LV KHOSIXO IRU GLIIHUHQW TXHVWLRQ W\SHV VXFK DV 6XSHUOD�

��
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7\SH 7 7�) 7�) 7�9 7�9 7�)�9 7�)�9 7�)�9

2EMHFW�5HODWLRQVKLS ����� ����� ����� ����� ����� ����� ����� �����
5HODWLRQVKLS�$FWLRQ ����� ����� ����� ����� ����� ����� ����� �����
2EMHFW�$FWLRQ ����� ����� ����� ����� ����� ����� ����� �����
6XSHUODWLYH ����� ����� ����� ����� ����� ����� ����� �����
6HTXHQFLQJ ����� ����� ����� ����� ����� ����� ����� �����
([LVWV ����� ����� ����� ����� ����� ����� ����� �����
'XUDWLRQ &RPSDULVRQ ����� ����� ����� ����� ����� ����� ����� �����
$FWLYLW\ 5HFRJQLWLRQ ����� ����� ����� ����� ����� ����� ����� �����

2EMHFW ����� ����� ����� ����� ����� ����� ����� �����
5HODWLRQVKLS ����� ����� ����� ����� ����� ����� ����� �����
$FWLRQ ����� ����� ����� ����� ����� ����� ����� �����

4XHU\ ����� ����� ����� ����� ����� ����� ����� �����
&RPSDUH ����� ����� ����� ����� ����� ����� ����� �����
&KRRVH ����� ����� ����� ����� ����� ����� ����� �����
/RJLF ����� ����� ����� ����� ����� ����� ����� �����
9HULI\ ����� ����� ����� ����� ����� ����� ����� �����

%LQDU\ ����� ����� ����� ����� ����� ����� ����� �����
2SHQ ����� ����� ����� ����� ����� ����� ����� �����
$OO ����� ����� ����� ����� ����� ����� ����� �����

7DEOH %��� )XOO UHVXOWV RI RXU PHWKRG RQ $*4$ ��� ZLWK DEODWLRQ RI FRPSRQHQWV DQG SUH�
WUDLQLQJ VWUDWHJLHV� �7� TXHVWLRQV� )� IUDPHV� )� IUDPHV ZLWK WKH LPDJH�ODQJXDJH HQFRGHU
SUH�WUDLQHG RQ 94$� 9� YLGHRV� 9� YLGHRV ZLWK WKH YLGHR�ODQJXDJH HQFRGHU SUH�WUDLQHG
ZLWK 750� � VKXIIOHG YLGHR LQSXWV��

WLYH� RI ZKLFK WKH TXHVWLRQV DVN DERXW VRPHWKLQJ KDSSHQLQJ ILUVW RU ODVW� EXW VRPH RWKHU

TXHVWLRQV WKDW DOVR UHTXLUH WHPSRUDO PRGHOLQJ� LQFOXGLQJ 5HODWLRQVKLS�$FWLRQ RU 6HTXHQF�

LQJ� DUH QRW LPSURYHG� %HVLGHV� YLGHR LQSXWV GR QRW HQKDQFH WKH SHUIRUPDQFH RI TXHVWLRQV

LPSURYHG E\ IUDPH LQSXWV� 6XFK FRPSOHPHQWDU\ DGYDQWDJHV RI IUDPHV DQG YLGHRV DUH FRQ�

VLVWHQW ZLWK RXU ILQGLQJV LQ WKH SUHOLPLQDU\ DQDO\VLV� DQG LQSXWWLQJ ERWK IUDPHV DQG YLGHRV

�7�)�9� GRHV VXUSDVV LQSXWWLQJ RQO\ RQH RI WKHP LQ DOO UHDVRQLQJ W\SHV�

3UH�WUDLQLQJ WKH YLGHR�ODQJXDJH HQFRGHU ZLWK 750 �7�)�9� ERRVWV WKH SHUIRUPDQFH

RI PRVW UHDVRQLQJ W\SHV� HVSHFLDOO\ 5HODWLRQVKLS�$FWLRQ� 2EMHFW�$FWLRQ� DQG 6HTXHQFLQJ�

7KHVH TXHVWLRQV DOO QHHG WHPSRUDO PRGHOLQJ RI HYHQW VHTXHQFHV LQ YLGHRV DQG KDYH TXHV�

WLRQ IRUPDWV PRUH VLPLODU WR 750� 7KH KXJH SHUIRUPDQFH JDS ���� DFFXUDF\� EHWZHHQ

QRUPDO �7�)�9� DQG VKXIIOHG YLGHR LQSXWV �7�)�9�� DV ZHOO DV WKH OLWWOH JDS EHWZHHQ QR
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SUH�WUDLQLQJ �7�)�9� DQG VKXIIOHG LQSXWV �7�)�9�� VXJJHVWV VXFFHVVIXO WHPSRUDO PRG�

HOLQJ DQG YHULILHV WKH HIILFDF\ RI 750�

'HVSLWH WKH HQKDQFHPHQW LQ PRVW TXHVWLRQV� 750 VWLOO VWUXJJOHV ZLWK VRPH UHDVRQ�

LQJ W\SHV� IRU H[DPSOH� 'XUDWLRQ &RPSDULVRQ� ZKLFK DVNV D PDFKLQH ZKLFK DFWLRQ ODVWV

ORQJHU� 7KHVH TXHVWLRQV UHTXLUH D PDFKLQH WR PHPRUL]H PXOWLSOH HYHQWV DQG LGHQWLI\ WKHLU

VWDUWLQJ DQG HQGLQJ SRLQW WR REWDLQ WKHLU GXUDWLRQ� 6XFK DELOLWLHV DUH EH\RQG WKH LQWHQWLRQ

RI GHYHORSLQJ 750� DQG ZH OHDYH LW IRU IXWXUH H[SORUDWLRQ�

%���� )XOO 5HVXOWV RI $EODWLRQ 6WXG\ RI (QFRGLQJ 6WUHDPV

7\SH ,/ 9/

2EMHFW�5HODWLRQVKLS ����� �����
5HODWLRQVKLS�$FWLRQ ����� ����
2EMHFW�$FWLRQ ����� ����
6XSHUODWLYH ����� �����
6HTXHQFLQJ ����� ����
([LVWV ����� ����
'XUDWLRQ &RPSDULVRQ ����� ����
$FWLYLW\ 5HFRJQLWLRQ ����� ����

2EMHFW ����� �����
5HODWLRQVKLS ����� ����
$FWLRQ ����� ����

4XHU\ ����� �����
&RPSDUH ����� ����
&KRRVH ����� �����
/RJLF ����� ����
9HULI\ ����� ����

%LQDU\ ����� ����
2SHQ ����� �����
$OO ����� �����

7DEOH %��� )XOO UHVXOWV RI WKH DEODWLRQ VWXG\ RQ WZR HQFRGLQJ VWUHDPV� �,/� LPDJH�ODQJXDJH
HQFRGHU� 9/� YLGHR�ODQJXDJH HQFRGHU��

7KH IXOO UHVXOWV RI 7DEOH � LQ WKH PDLQ SDSHU DUH UHSRUWHG LQ 7DEOH %��� ZKHUH ZH

ILUVW WUDLQ D PRGHO ZLWK ERWK LPDJH� DQG YLGHR�ODQJXDJH HQFRGHUV� DQG WHVW HDFK VWUHDP

ZLWK WKH WHVW VHW� 7KH LPDJH�ODQJXDJH PRGHO GHPRQVWUDWHV RYHUZKHOPLQJ DGYDQWDJHV RYHU
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LWV YLGHR�ODQJXDJH FRXQWHUSDUW� +RZHYHU� WKLV UHVXOW FDQQRW FRQFOXGH WKH XWLOLW\ RI DQ\

VWUHDP� IRU HDFK VWUHDP FDQ EH WUDLQHG WR SHUIRUP EHWWHU WKDQ WKH TXHVWLRQ�RQO\ EDVHOLQH�

:H K\SRWKHVL]H WKDW WHPSRUDO LQIRUPDWLRQ FDQ EH VHHQ DV WKH FRPSOH[ HYROXWLRQ RI VSD�

WLDO LQIRUPDWLRQ� DQG WKXV ZKHQ ERWK VWUHDPV FRRSHUDWH LQ VSDWLDO�WHPSRUDO PRGHOLQJ� WKH

LPDJH�ODQJXDJH VWUHDP RIIHUV RYHUDOO XQGHUVWDQGLQJ RI YLVXDO HOHPHQWV DQG VFHQHV� ZKLOH

WKH YLGHR�ODQJXDJH VWUHDP DVVLVWV LW DQG PRGHOV WKH GHWDLOHG FKDQJHV�
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