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6RIWZDUH-,QIRUPDWLRQ�DQG�'DWD�(QJLQHHULQJ�5HVHDUFK�*URXS�6FKRRO�RI�&RPSXWLQJ��7HONRP�8QLYHUVLW\��

-O��7HOHNRPXQLNDVL�QR�����%DQGXQJ��,QGRQHVLD 

 

(-PDLO��GDQDNXVXPR#WHONRPXQLYHUVLW\�DF�LG��PLUDNDQLD#WHONRPXQLYHUVLW\�DF�LG��

EDJLQGRNHPDV#WHONRPXQLYHUVLW\�DF�LG 

 
$EVWUDFW 

 
,Q� UHFHQW� \HDUV�� WKHUH� KDV� EHHQ� DQ� LQFUHDVLQJ� LQWHUHVW� WR� XVH� VPDUW� GHYLFHV� GUDZLQJ� JDPHV� IRU�

HGXFDWLRQDO� EHQHILW�� ,Q� ,QGRQHVLD�� RXU� JRYHUQPHQW� FODVVLILHV� FKLOGUHQ� DJH� IRXU� WR� VL[� \HDUV� ROG� DV�

SUHVFKRRO�FKLOGUHQ��1RW�DOO�SUHVFKRRO�FKLOGUHQ�FDQ�XVH�GUDZLQJ�JDPHV�HDVLO\��)XUWKHU��GUDZLQJ�JDPHV�

PD\�QRW�IXOILOO�DOO�,QGRQHVLD
V�SUHVFKRRO�FKLOGUHQ¶V�GUDZLQJ�FRPSHWHQFLHV��7KLV�UHVHDUFK�SURSRVHV�WR�

XVH�*RDO-4XHVWLRQ�0HWULF��*40��WR�LQYHVWLJDWH�DQG�HYDOXDWH��LQWHUDFWLRQ�GHVLJQ�SDWWHUQV�RI�SUHVFKRRO�

FKLOGUHQ�LQ�RUGHU�WR�DFKLHYH�WKH�GUDZLQJ�FRPSHWHQFLHV�IRU�SUHVFKRRO�FKLOGUHQ�LQ�WZR�GUDZLQJ�$QGURLG-

EDVHG�JDPHV��%HODMDU�0HQJJDPEDU���LQ�(QJOLVK��/HDUQ�WR�'UDZ��DQG�&RUHW��%HODMDU�0HQJJDPEDU��LQ�

(QJOLVK�� 6FUDWFK�� /HDUQ� WR� 'UDZ��� :H� FROOHFWHG� GDWD� IURP� QLQH� VWXGHQWV� RI� D� SUHVFKRRO� FKLOGUHQ�

HGXFDWLRQ� LQ� D� XVHU� UHVHDUFK��7KH� UHVXOWV� VKRZ� WKDW�*40� FDQ� DVVLVW� WR� HYDOXDWH� LQWHUDFWLRQ� GHVLJQ�

SDWWHUQV� LQ� DFKLHYLQJ� WKH� GUDZLQJ� FRPSHWHQFLHV�� 2XU� DSSURDFK� FDQ� DOVR� \LHOG� LQWHUDFWLRQ� GHVLJQ�

SDWWHUQV�E\�FRPSDULQJ�LQWHUDFWLRQ�GHVLJQ�SDWWHUQV�LQ�WZR�GUDZLQJ�JDPHV�XVHG� 

 
.H\ZRUGV��,QWHUDFWLRQ�GHVLJQ�SDWWHUQ��JRDO-TXHVWLRQ�PHWULF��SUHVFKRRO�FKLOGUHQ��GUDZLQJ�JDPHV 

 

 
$EVWUDN 

 
3DGD� PDVD� LQL�� WHUMDGL� SHQLQJNDWDQ� SHQJJXQDDQ� DSOLNDVL� SHUPDLQDQ� PHQJJDPEDU� SDGD� SHUDQJNDW�

SLQWDU�XQWXN� WXMXDQ�SHQGLGLNDQ��'L� ,QGRQHVLD��SHPHULQWDK�PHQJNODVLILNDVLNDQ�DQDN-DQDN�XVLD�HPSDW�

VDPSDL� GHQJDQ� HQDP� WDKXQ� VHEDJDL� DQDN� XVLD� GLQL�� 1DPXQ� WLGDN� VHPXD� DQDN� XVLD� GLQL� GDSDW�

PHQJJXQDNDQ�DSOLNDVL�SHUPDLQDQ�PHQJJDPEDU�GHQJDQ�PXGDK��/HELK�ODQMXW�ODJL��DSOLNDVL�SHUPDLQDQ�

PHQJJDPEDU� WLGDN� PHPHQXKL� VHPXD� NRPSHWHQVL� PHQJJDPEDU� DQDN� XVDL� GLQL�� 3HQHOLWLDQ� LQL�

PHQJXVXONDQ� XQWXN� PHQJJXQDNDQ� *RDO-4XHVWLRQ� 0HWULF� �*40�� XQWXN� PHQJLQYHVWLJDVL� GDQ�

PHQJHYDOXDVL� SROD�GHVDLQ� LQWHUDNVL� DQDN�XVLD� GLQL� GDODP�SHQFDSDLDQ�NRPSHWHQVL�PHQJJDPEDU� DQDN�

XVLD�GLQL�SDGD�GXD�DSOLNDVL�PHQJJDPEDU�EHUEDVLV�$QGURLG��%HODMDU�0HQJJDPEDU�GDQ�&RUHW��%HODMDU�

0HQJJDPEDU��.DPL�PHQJXPSXONDQ� GDWD� GDUL� VHPELODQ� VLVZD� 3HQGLGLNDQ�$QDN�8VLD� 'LQL� �3$8'��

GDODP�VHEXDK�XVHU�UHVHDUFK��+DVLO�SHQHOLWLDQ� LQL�PHQXQMXNNDQ�EDKZD�*40�GDSDW�PHPEDQWX�XQWXN�

PHQJHYDOXDVL� SROD� GHVDLQ� LQWHUDNVL� GDODP� SHQFDSDLDQ� NRPSHWHQVL� PHQJJDPEDU� DQDN� XVLD� GLQL��

3HQGHNDWDQ� \DQJ� NDPL� XVXONDQ� GDSDW� MXJD� PHQJKDVLONDQ� SROD� GHVDLQ� LQWHUDNVL� GHQJDQ�

PHPEDQGLQJNDQ�SROD�GHVDLQ�LQWHUDNVL�GDODP�GXD�DSOLNDVL�SHUPDLQDQ�PHQJJDPEDU�\DQJ�GLJXQDNDQ� 

 
.DWD�.XQFL��SROD�GHVDLQ�LQWHUDNVL��JRDO-TXHVWLRQ�PHWUL��DQDN�XVLD�GLQL��SHUPDLQDQ�PHQJJDPEDU 

 

 

1. Introduction 

 

&KLOG�FRPSXWHU� LQWHUDFWLRQ�KDV�EHHQ�D� IDVW-JURZ-

LQJ�WRSLF�LQ�WKH�ILHOG�RI�KXPDQ�FRPSXWHU�LQWHUDFW-

LRQ� LQ� UHFHQW� \HDUV�� 3K\VLFDOO\�� IRXU� WR� VL[� \HDUV�

ROG� FKLOGUHQ� FRXOG� XVH� ZLGH� UDQJH� RI� JHVWXUH-

EDVHG�PRELOH�DSSOLFDWLRQ�>�@��7KH��JRYHUQPHQW�RI�

,QGRQHVLD�GHWHUPLQHV�WKH�HGXFDWLRQ�IRU�IRXU�WR�VL[�

\HDUV� ROG� FKLOGUHQ� DV� SUHVFKRRO� HGXFDWLRQ� SURJ-

UDP��,Q�UHFHQW�\HDUV�� WKH�LQWHUHVW�IRU�FUHDWLQJ�GUD-

ZLQJ�HGXFDWLRQ�DSSOLFDWLRQ�IRU�FKLOGUHQ�KDV�LQFUH-

DVHG��7KH�GUDZLQJ�DFWLYLW\�LWVHOI�LV�IXOO�ZLWK�VWLPX-

OXV� IRU� WKH� JURZLQJ� SURFHVV� DQG� GHYHORSPHQW� RI�

WKH�FKLOGUHQ��%HVLGH�WKDW��WKH�GUDZLQJ�DFWLYLW\�JLY-

HV�YLVLEOH�DQG�SHUPDQHQW�WUDFHV�WKDW�UHSUHVHQWV�WKH�

FKDUDFWHULVWLF�RI�FKLOGUHQ��6R�LW� LV�YHU\�VXLWDEOH�WR�

EH�GRQH�E\�WKH�FKLOGUHQ�>�@��%\�GUDZLQJ��FKLOGUHQ�

FRXOG�WUDLQ�WKH�ILQH�PRWRU�VNLOOV��FUHDWLYLW\��LPDJL-

QDWLRQ�� FRQFHQWUDWLRQ�� PHPRU\�� SDWLHQFH� DQG� WKH�

SDVVLRQ�LQ�OHDUQLQJ��'UDZLQJ�FDQ�DOVR�GHYHORS�WKH�

FKLOGUHQ¶V� FDSDELOLW\� LQ� OLQH� ZLWK� WKHLU� WDOHQW� DQG�

SDVVLRQ��$QG�RI� FRXUVH�� E\�GUDZLQJ�� WKH� FKLOGUHQ�

FDQ�NQRZ�WKHLU�VXUURXQGLQJ�ZRUOG�EHWWHU�>�@�� 

 %DVHG� RQ� WKH� SUHYLRXV� HPSLULFDO� VWXG\�� WKH�

FKLOGUHQ� GR� QRW� DOZD\V� XQGHUVWDQG� DERXW� KRZ� WR�

XVH� WRROV� DQG� RWKHU�PRYHPHQW� LQ� XVLQJ� D�PRELOH�

DSSOLFDWLRQ�>�@��7KHUHIRUH�� WKH�SXUSRVH�RI� WKLV� UH-

VHDUFK� LV� WR� LQYHVWLJDWH� WKH� UHODWLRQVKLS� EHWZHHQ�



'DQD�6XOLVWL\R�.XVXPR��$�*RDO�4XHVWLRQ�0HWULF��� 

 

 

 

FKLOGUHQ-JDPH�LQWHUDFWLRQ�DQG�SUHVFKRRO�FKLOGUHQ¶�

GUDZLQJ�FRPSHWHQFLHV��2QH�RI�WKH�PDLQ�SUREOHPV�

LV�WKH�DEVHQFH�RI�WKH�JXLGDQFH�LQ�GHVLJQLQJ�LQWHU-

DFWLRQ� SDWWHUQV� WKDW� LV� PRVW� VXLWDEOH� ZLWK� WKH�

GHYHORSPHQW� VWDJH� RI� WKH� FKLOGUHQ¶V� ILQH� PRWRU�

VNLOOV��7KH�LQWHUDFWLRQ�GHVLJQ�SDWWHUQ�LV�D�UHSHDWHG�

VROXWLRQ� IRU� FRPPRQ� XVDELOLW\� SUREOHP� LQ� LQWHU-

IDFH�GHVLJQ�>�@��7KH�SUHYLRXV�UHVHDUFK�>�@�VKRZHG�

WKDW� LQWHUDFWLRQ�GHVLJQ� SDWWHUQ� LV� RQH�RI� WKH�PRVW�

LPSRUWDQW� IDFWRU� LQ� GHVLJQLQJ� D� PRELOH� DSSOLFD-

WLRQ�� 

 7KLV� UHVHDUFK�SURSRVHV�D� IUDPHZRUN� WR�DQD-

O\]H� JRRG� LQWHUDFWLRQ� GHVLJQ� SDWWHUQ� IRU� GUDZLQJ�

DFWLYLWLHV��:H�DQDO\]HG�KRZ�FKLOGUHQ�UHVSRQGHG�WR�

VHYHUDO�LQWHUDFWLRQ�GHVLJQ�SDWWHUQV�DQG�WKHLU�LQWHU-

DFWLRQ�VW\OHV�GXULQJ�GUDZLQJ�DFWLYLWLHV��$IWHU�WKDW��

ZH� GHILQHG� WKH� PRVW� SURSHU� LQWHUDFWLRQ� GHVLJQ�

SDWWHUQ� IRU� FKLOGUHQ� VR� WKDW� FRXOG�PHHW� WKH� OHDUQ-

LQJ� JRDO� LQ� SUHVFKRRO� HGXFDWLRQ� SURJUDP��%HVLGH�

SURSRVLQJ� WKH� IUDPHZRUN�� ZH� DOVR� DVVHVHG� KRZ�

WKH�XVHG�LQWHUDFWLRQ�GHVLJQ�SDWWHUQV�FRXOG�PHHW�WKH�

GUDZLQJ�FRPSHWHQFLHV�IRU�FKLOGUHQ�WKDW�LV�UHTXLUHG�

E\�SUHVFKRRO�HGXFDWLRQ�SURJUDP��7KLV�DVVHVPHQW��

LQ�WXUQ�FDQ�SURYLGH�LQIRUPDWLRQ�WR�WKH�SDUHQWV�DQG�

WKH� WHDFKHUV� RI� SUHVFKRRO� FKLOGUHQ� DERXW� KRZ� IDU�

DQ� DSSOLFDWLRQ� FDQ� VXSSRUW� FKLOGUHQ� LQ� PDVWHULQJ�

GUDZLQJ� FRPSHWHQFLHV� RI� SUHVFKRRO� FKLOGUHQ�� ,Q-

WHUDFWLRQ� GHVLJQ� SDWWHUQV� FDQ� EH� XVHG� E\� JDPH�

GHYHORSHUV� DV� D� JXLGH� WR� GHYHORS� GUDZLQJ� JDPH�

WKDW� ZLOO� KHOS� WKH� FKLOGUHQ� LQ� FKRRVLQJ� WKH� ULJKW�

IHDWXUHV�IRU�GUDZLQJ� 

  

5HODWHG�:RUN 

 

,QWHUDFWLRQ� GHVLJQ� SDWWHUQ� LV� D� GHVLJQ� SDWWHUQ� IRU�

LQWHUDFWLRQ�EHWZHHQ�D�XVHU�DQG�D�V\VWHP�>�@��'HV-

LJQ�SDWWHUQ� LV�GHILQHG�DV�D� UHSHDWDEOH�VROXWLRQ� IRU�

UHFXUULQJ� VRIWZDUH� GHVLJQ� SUREOHPV� >�@�� 7KHUH-

IRUH�� LQWHUDFWLRQ� GHVLJQ� SDWWHUQ� LV� GHILQHG� DV� D�

UHSHDWDEOH� VROXWLRQ� IRU� UHFXUULQJ� LQWHUDFWLRQ� SUR-

EOHPV�� ,QWHUDFWLRQ� GHVLJQ� SDWWHUQV� FDQ� EH� EXLOW�

IURP� DQ� H[LVWLQJ� DSSOLFDWLRQ� >�@� IROORZLQJ� WKHVH�

SURFHVVHV�� GUDIWLQJ� H[LVWLQJ� LQWHUDFWLRQ� SDWWHUQV��

XVHU� UHVHDUFK�� WHVWLQJ� LQWHUDFWLRQ� GHVLJQ� SDWWHUQ��

$QRWKHU� DSSURDFK� XVLQJ� H[LVWLQJ� GDWD� WR� LGHQWLI\�

DQG� DQDO\]H� LQWHUDFWLRQ� GHVLJQ� SDWWHUQV� XVH� LQGX-

FWLYH�DQG�GHGXFWLYH�DSSURDFKHV�>�@� 

*RDO�4XHVWLRQ�0HWULF� �*40�� LV� D� VRIWZDUH�

PHDVXUHPHQW� IUDPHZRUN� IRU� VRIWZDUH� SURGXFWV��

SURFHVVHV�DQG�TXDOLW\�>��@��)RU�PHDVXUHPHQW�WR�EH�

HIHFWLYH�� ZH� PXVW� KDYH� FOHDU� JRDOV�� 7KHQ�� ZH�

GHWDLO�JRDOV�LQWR�TXHVWLRQV�DQG�GHYHORS�PHWULFV�WR�

DQVZHU�WKH�TXHVWLRQV��6R�WKDW��ZH�FDQ�EH�FRQILGHQW�

WKDW�PHWULFV�XVHG�KDYH�VWURQJ�UHODWLRQ�ZLWK�GHILQHG�

JRDOV��*40�LV�XVHG�WR��GHWHFW�GHVLJQ�SDWWHUQ�XVLQJ�

VRXUFH� FRGH� PHWULFV� FRPELQLQJ� ZLWK� PDFKLQH�

OHDUQLQJ�>��@��,Q�UHFHQW� OLWHUDWXUH��*40�KDV�EHHQ�

XVHG� WR�JXLGH� D�PHWULF� GHYHORSPHQW� IRU� IXOILOOLQJ�

VHFXULW\�JRDO�LQ�WKH�FORXG�>��@��DQDO\VLV�RI�WKH�XVH�

RI�WKH�&�SUHSURFHVVRU�LQ�FRPPXQLW\�DQG�LQGXVWU\�

>��@� DQG� GHVLJQLQJ� D� PRELOH� DSS� IRU� EHKDYLRU�

FKDQJH� >��@�� *40� LV� DOVR� XVHG� WR� UHFRPPHQG�

GHVLJQ� SDWWHUQV� IRU� VRIWZDUH� GHVLJQHUV� DQG� GHYH-

ORSHUV� >��@�� ,Q� WKH� +&,� ILHOG�� *40� KHOS� WR�

GHYHORSH�D�XVDELOLW\�PHWULF�IRU�PRELOH�DSSOLFDWLRQ�

>��@� 

:H� SURSRVH� WR� XVH� DQ� DSSURDFK� WR� DQDO\]H�

H[LVWLQJ�DSSOLFDWLRQV�WR�LGHQWLI\�DQG�DQDO\]H�LQWHU-

DFWLRQ� GHVLJQ� SDWWHUQV� IURP� >�@�� )XUWKHUPRUH��ZH�

XVH�*40�LQ�RUGHU� WR�HQVXUH� WKDW� LQWHUDFWLRQ�GHV-

LJQ�SDWWHUQV�LGHQWLILHG�PHHWLQJ�GUDZLQJ�FRPSHWHQ-

FLHV� IRU� SUHVFKRRO� FKLOGUHQ�� ,Q� WKLV� UHVHDUFK�� ZH�

ILUVW� XVH� *40� WR� VHW� JRDO� RI� WKH� FRPSHWHQF\�

DFKLHYHPHQW� DQG� WKHQ� HPSLULFDOO\� LGHQWLI\� DQG�

DQDO\]H� LQWHUDFWLRQ� GHVLJQ� SDWWHUQV� IURP� H[LVWLQJ�

DSSOLFDWLRQV������� 

 

2. Methods 

 

7KLV� UHVHDUFK� SURSRVHV� WR� XVH� *RDO-4XHVWLRQ-

0HWULF� �*40�� >��@� IRU� PHDVXULQJ� LQWHUDFWLRQ�

GHVLJQ� SDWWHUQ� DQG� DQDO\VLQJ� LQWHUDFWLRQ� GHVLJQ�

SDWWHUQ� RI� SUHVFKRRO� FKLOGUHQ� LQ� RUGHU� WR� DFKLHYH�

GUDZLQJ� FRPSHWHQFLHV� IRU� SUHVFKRRO� FKLOGUHQ�� ,Q�

WKLV� UHVHDUFK�� ZH� DVNHG� �� SUHVFKRRO� FKLOGUHQ� WR�

FRPSOHWH�WDVNV�LQ�WZR�GUDZLQJ�JDPHV�DQG�WKHQ�ZH�

FROOHFWHG�LQWHUDFWLRQ�GDWD��GHWDLOHG�LQ�'DWD�FROOHF-

WLRQ� VXE-VHFWLRQ���7KH�GHWDLO�RI�*40�IRU� WKLV� UH-

VHDUFK� LV� GHVFULEHG� DV� IROORZV��*RDOV� �DFKLHYLQJ�

GUDZLQJ� FRPSHWHQFLHV� IRU� SUHVFKRRO� FKLOGUHQ�

XVLQJ� LQWHUDFWLRQ� GHVLJQ� SDWWHUQV���4XHVWLRQ� �DUH�

GUDZLQJ�FRPSHWHQFLHV�LQFOXGHG�LQ�GUDZLQJ�JDPHV�

WKDW�DUH�REVHUYHG� WR�SUHVFKRRO�FKLOGUHQ"�DQG�KRZ�

ORQJ�GRHV�LW�WDNH�IRU�FKLOGUHQ�WR�FRPSOHWH�UHOHYDQW�

WDVNV� LQ�GUDZLQJ�JDPHV"���0HWULF� �WR�FODVLI\�DQG�

PDS�GUDZLQJ�FRPSHWHQFLHV�LQWR�REVHUYHG�GUDZLQJ�

JDPHV� DQG� WR�PHDVXUH� WLPH� RI� LQWHUDFWLRQ� GHVLJQ�

SDWWHUQV� XVHG� E\� SUHVFKRRO� FKLOGUHQ� IRU� FRPSOHW-

LQJ�GUDZLQJ�WDVNV�� 

 7KLV�UHVHDUFK�DOVR�XVHG�WKH�WZR�ILUVW�VWHSV�RI�

LQWHUDFWLRQ�GHVLJQ�SDWWHUQ�FRQVWUXFWLRQ�IUDPHZRUN�

SURSRVHG� E\� 3DXZHOV� HW� DO�� >�@� IRU� HYDOXDWLQJ�

LQWHUDFWLRQ� GHVLJQ� SDWWHUQ�� ��� FROOHFW� LQWHUDFWLRQ�

GHVLJQ� SDWWHUQV� IRUP� DQ� H[LVWLQJ� DSSOLFDWLRQ�� ���

XVHU� UHVHDUFK�� 7KH� DLP� RI� WKH� ILUVW� VWHS� LV� WR�

LQYHVWLJDWH�H[LVWLQJ�LQWHUDFWLRQ�GHVLJQ�SDWWHUQV�DQG�

WR� ILQG� WKHLU� SUREOHPV�� 7KH� DLP� RI� WKH� VHFRQG�

VWHSV� LV� WR� DQDO\]H� LQWHUDFWLRQ� SUREOHPV� DQG� WR�

SURSRVH� VROXWLRQV�� ,Q� WKH� XVHU� UHVHDUFK�� SDUWLFL-

SDQWV�ZHUH�DVNHG�WR�XVHG�WZR�GUDZLQJ�JDPH��DQG�

WKHQ� ZH� LQYHVWLJDWHG� WKHLU� LQWHUDFWLRQ� GHVLJQ�

SDWWHUQV�� ,Q�3DXZHOV� HW� DO�� >�@�� WKH\�RQO\� XVH�RQH�

DSSOLFDWLRQ�� EXW� LQ� RXU� UHVHDUFK�� ZH� XVHG� WZR�

DSSOLFDWLRQV��7KH�DLP�WR�XVH�WZR�GUDZLQJ�JDPHV�LV�

WR�FRPSDUH�DQG�ILQG�VLPLODULWLHV�LQ�DQG�SUREHOHPV�

RI� LQWHUDFWLRQ�GHVLJQ�SDWWHUQV�EHWZHHQ� WZR�GUDZ-



���-XUQDO�,OPX�.RPSXWHU�GDQ�,QIRUPDVL��-RXUQDO�RI�D�6FLHQFH�DQG�,QIRUPDWLRQ���YROXPH�����LVVXH����
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LQJ� JDPHV� XVHG�� ,Q� WKLV� UHVHDUFK�� ZH� XVHG� WZR�

GUDZLQJ� JDPHV� �)LJXUH� ���� %HODMDU� 0HQJJDPEDU��

�LQ� HQJOLVK�� /HDUQ� WR� 'UDZ�� DQG� &RUHW� %HODMDU�

0HQJJDPEDU��LQ�HQJOLVK��6FUDWFK��/HDUQ�WR�'UDZ��

GRZQORDGHG�IURP�*RRJOH�3OD\6WRUH��7KHVH�JDPHV�

ZHUH� VHOHFWHG� EHFDXVH� WKHLU� IHDWXUHV� DUH� VLPSOH�

DQG�HDV\� WR�XVH��7KHUHIRUH��ZH�FRXOG�FRQFHQWUDWH�

RQ�PHDVXULQJ� LQWHUDFWLRQ� GHVLJQ� SDWWHUQV� DQG� GX-

UDWLRQ�RI�JDPH�SOD\HG� 

 'DWD� FROOHFWLRQ� LQ� WKLV� UHVHDUFK� XVHG� D� XVHU�

UHVHDUFK�DLPLQJ� WR� LGHQWLI\�FRQWH[W�DQG�SUREOHPV�

RI�LQWHUDFWLRQ�GHVLJQ�LQ�WKH�JDPHV��%\�FRPSOHWLQJ�

WKH�XVHU�UHVHDUFK��ZH�FDQ�H[SHFW�IUHTXHQWO\�LPSRU-

WDQW� SUREOHPV� IRXQG�ZKHQ�D� XVHU�SOD\� D� GUDZLQJ�

JDPH�� ,Q� WKLV� VWDJH�� UHVHDUFK� SDUWLFLSDQWV� ZHUH�

DVNHG� WR�FRPSOHWH�VRPH� WDVN�VFHQDULRV�XVLQJ� WZR�

GUDZLQJ� JDPHV�� 7KHVH� WDVN� VFHQDULR� KDG� EHHQ�

PDSSHG�WR�,QGRQHVLD¶V�SUHVFKRRO�FKLOGUHQ¶V�GUDZ-

LQJ�FRPSHWHQFLHV��7DEOH�����7KH�DLPV�DUH�WR�\LHOG�

LQWHUDFWLRQ� GHVLJQ� SDWWHUQV� VXSSRUWLQJ� WKH� SUH-

VFKRRO� FKLOGUHQ¶V� GUDZLQJ� FRPSHWHQFLHV�� )RU� WKH�

SXUSRVH�RI�WKLV�SDSHU��ZH�RQO\�OLPLW�WR�GLVFXVV�LQ-

WHUHVWLQJ�LQWHUDFWLRQ�GHVLJQ�SDWWHUQV�UHVXOWHG�IURP�

RXU�SURSRVHG�DSSURDFK� 

 Preschool children were asked to complete 

the same task scenarios in two drawing games, 

then we interviewed them to investigate processes 

and challenges of completion of the tasks. We 

measured time completion for each participant 

when completing the tasks. In the data analysis, 

ZH� FRPSDUHG� KRZ� WKH� WDVNV¶ completion in two 

drawing games to indentify problems and pro-

posed solutions so that we can propose interaction 

design patterns. 

 :H� FRQGXFWHG� D� XVHU� UHVHDUFK� LQ� D� .LQGHU-

JDGHQ� RI� 5DXGODWXO� $WKIDO� ORFDWHG� LQ� YLOODJH� RI�

6XNDSXUD��'D\HXKNRORW��%DQGXQJ��,QGRQHVLD��7KH�

VDPSOH�PHWKRG�ZDV� UDQGRP�� ,Q� WKH�EHJLQLQJ��ZH�

DVNHG� DOO� VWXGHQWV� WR� SDUWLFLSDWH� LQ� RXU� XVHU� UH-

VHDUFK�� EXW� RQO\� QLQH� VWXGHQWV� DJUHHG� WR� MRLQ� WKH�

XVHU� UHVHDUFK�� 7KH� FKLOGUHQ� ZHUH� DVNHG� WR� FRP-

SOHWH� WKH� WDVN� VFHQDULRV� DV� DIRUHPHQWLRQHG� LQ� WKH�

5HVHDUFK� PHWKRGRORJ\� VHFWLRQ��:H� XVHG� D� 6DP-

VXQJ�*DOD[\�7DE�$��)LUVW��QLQH�FKLOGUHQ�ZHUH�DVN-

HG�WR�FRPSOHWH�DOO�WKH�WDVNV�DQG�LQVWUXFWLRQV�LQ�WKH�

ILUVW�GUDZLQJ�JDPH��/HDUQ�WR�'UDZ��$IWHU�ILQLVKLQJ�

WKH� ILUVW� JDPH�� WKHQ� WKH� FKLOGUHQ� ZHUH� DVNHG� WR�

FRPSOHWH�WKH�VDPH�DFWLYLHV�LQ�WKH�VHFRQG�GUDZLQJ�

JDPH��6FUDWFK��/HDUQ�WR�'UDZ��'XULQJ�FRPSOHWLQJ�

WKH�JDPH��ZH�REVHUYHG�DQG�QRWHG�LQWHUDFWLRQ�EHW-

ZHHQ� WKH� SDUWLFLSDQWV� DQG� JDPHV�� )LQDOO\�� ZH� LQ-

Learn to draw
Scratch: Learn to 

draw (home)

Scratch: Learn to 

draw (eraser)  
 

)LJXUH����7ZR�GUDZLQJ�JDPHV�XVHG�LQ�WKLV�UHVHDUFK�
�/HDUQ�WR�'UDZ�DQG�6FUDWFK��/HDUQ�WR�'UDZ� 
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7DVN &RPSHWHQFLHV )HDWXUHV 

'UDZLQJ -�0DNLQJ�YHUWLFDO��KRUL]RQWDO��

FXUYHG��OHIW�ULJKW���WLOW��
�OHIW�ULJKW���DQG�FLUFOH 

-�,PLWDWLQJ�VKDSHV 

-�&RPSOHWLQJ�PDQLSXODWLYH�
PRWLRQ�IRU�GUDZLQJ�VKDSHV 

-�&ODVVLI\LQJ�WKLQJV�

DFFRUGLQJ�WR�VKDSH��FRORU�DQG�
VL]H 

-�%UXVK 

-�(UDVHU 

&RORU�

VHOHFWLRQ 

-�&RPSOHWLQJ�PDQLSXODWLYH�

PRWLRQ�IRU�GUDZLQJ�VKDSHV 
-�&ODVVLI\LQJ�WKLQJV�

DFFRUGLQJ�WR�VKDSH��FRORU�DQG�

VL]H 

-�%UXVK 

-�(UDVHU 
-�&RORU�

VHOHFWLRQ 

(UDVHU 7KH�VDPH�DV�GUDZLQJ�WDVN (UDVHU 
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)DFWRU )LUVW�SHUVRQD 6HFRQG�SHUVRQD 

3HUVRQDOLW\ $�FKLOG�IUHTXHQWO\�

XVHV�JDGJHW��VXFK�
DV��VPDUWSKRQH� 

$�FKLOG�LQIUHTXHQWO\�

XVHV�JDGJHW��VXFK�DV��
VPDUWSKRQH� 

*RDOV )XOILOO�GUDZLQJ�FRPSHWHQFLHV�XVLQJ�REVHUYHG�

GUDZLQJ�JDPHV 
%HKDYLRU 'UDZLQJ�XVLQJ�SDSHUV��SHQFLOV��HUDVHUV�DQG�

PDQXDO�GUDZLQJ�WRROV��$�FKLOG�XVXDOO\�GUDZV�

RQ�D�SDSHU�VNHWFKLQJ�XVLQJ�D�SHQFLO�WKHQ�
FRORULQJ�XVLQJ�FRORULQJ�WRROV� 

.QRZOHGJH -$EOH�WR�XQGHUVWDQG�OHWWHUV� 

-�$EOH�WR�XQGHUVWDQG�QXPEHUV 
-�$EOH�WR�XQGHUVWDQG�VLPSOH�VKDSHV�DQG�

ILJXUHV 

-�$EOH�WR�XQGHUVWDQG�FRORUV 
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*RDOV 

*RDOV�RI�FRPPRQ�FRPSHWHQFLHV�IRU�DOO�GUDZLQJ�JDPHV 

7R�PDNH�PHDQLQJIXO�VFUDWFK 

7R�PDNH�YHUWLFDO��KRUL]RQWDO��FXUYHG��OHIW�ULJKW���WLOW��
�OHIW�ULJKW���DQG�FLUFOH 

7R�GUDZ�KXPDQ�FRPSOHWH�ZLWK�OLPEV 

7R�GUDZ�DQG�SDLQW�FUHDWXUHV�OLYHG�DQG�GHDWK 

*RDOV�RI��FRPSHWHQFLHV�VSHFLILF�WR�FHUWDLQ�GUDZLQJ�JDPHV�
�QRW�DOO�JDPHV�FDQ�SURYLGH�WKHVH� 

7R�WKLFNHQ�FXUYHG�DQG�VWUDLJKW�OLQHV 

7R�LPLWDWH�WKH�EDVLF�VKDSHV��FLUFOH��WULDQJOH�DQG�UHFWDQJOH� 
7R�LPLWDWH�VKDSHV 

7R�PDWFK��VKRZ�DQG�PHQWLRQ�PRUH�WKDQ����FRORUV 

*RDOV�RI��FRPSHWHQFLHV�WKDW�DUH�QRW�IXOO\�VXSSRUWHG�E\�

DQ\�GUDZLQJ�JDPHV 

7R�SDLQW��GUDZ��PDNH�SDWWHUQV��VHZLQJ���ZHDYH��SLHUFH��DQG�

IRUPHG�ZLWK�D�YDULHW\�RI�WRROV�DQG�PDWHULDOV 
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WHUYLHZHG�WKHLU�H[SHULHQFHV�FRPSOHWLQJ�WKH�WDVNV� 

 The participants in our research were child-

ren age four to six years old. Based on Sabariah et 

al. [4], we classified two user personas for pre-

school children (see Table 2). In our user re-

search, three children were in the first persona and 

six children were in the second persona. 

 7KH�JRDOV�RI�*40�LQ�WKLV�UHVHDUFK�UHIHUHG�WR�

WKH�,QGRQHVLDQ�FXUULFXOXP�RI�SUHVFKRRO�FKLOGUHQ¶V�

GUDZLQJ� FRPSHWHQFLHV�� +RZHYHU�� QRW� DOO� FRPSH-

WHQFLHV� FDQ� EH� PDSSHG� LQWR� WKH� GUDZLQJ� JDPHV�

EHFDXVH� WKHUH� DUH� DFWLYLWHV� LQ� WKH� FRPSHWHQFLHV�

WKDW� FDQ� QRW� EH� UHSUHVHQWHG� LQWR� GLJLWDO� DSSOL-

FDWLRQV��*RDOV� WKDW�ZHUH� H[SHFWHG� WR�EH� DFKLHYHG�

DUH�OLVWHG�LQ�7DEOH��� 

 :KHQ�FRPSDULQJ�WKH�VDPH�FRPSHWHQFLHV�IRU�

ERWK� GUDZLQJ� JDPHV�� ZH� RQO\� LQYHVWLJDWHG� WKH�

VDPH� WDVNV� IRU� ERWK� JDPHV� DV� IROORZV�� 0DNLQJ�

YHUWLFDO�� KRUL]RQWDO�� FXUYHG� �OHIW�ULJKW��� WLOW� �OHIW� ��

ULJKW��� DQG� FLUFOH�� ,PLWDWLQJ� VKDSHV�� &RPSOHWLQJ�

PDQLSXODWLYH� PRWLRQ� IRU� GUDZLQJ� VKDSHV�� &ODVVL-

I\LQJ�WKLQJV�DFFRUGLQJ�WR�VKDSH��FRORU�DQG�VL]H��� 

 Basically, these competencies represent co-

mmon and specific competencies for drawing 

games (Table 3). Table 1 maps between the tasks 

and competencies, which are goals in GQM, for 

the drawing games. 

 7DEOH� �� DQG� 7DEOH� �� VKRZ� FRPSOHWLRQ� WLPH�

IRU�HDFK�WDVN�LQ�7DEOH�����7LPH�ZDV�PHDVXUHG�IURP�

WLPH� QHHGHG� IRU� HDFK� NLG� WR� FRPSOHWH� WKH� WDVNV�

DIWHU� LQVWUXFWLRQV�JLYHQ��)RU�H[DPSOH�� LQ�7DEOH����

FKLOG� �� QHHGHG� �� WR� ��� VHFRQGV� WR� FRPSOHWH�

GUDZLQJ�WDVN�DIWHU�DQ�LQVWXFWLRQ�JLYHQ� 

 

3. Results and Analysis 
 
:H� FRPSDUHG� WLPH� PHDVXUHPHQW� LQ� 7DEOH� �� DQG�

7DEOH� ��� 7KHQ�� ZH� FRUUHODWHG� DQG� DQDO\]HG� GDWD�

TXDOLWDWLYHO\�XVLQJ�FRQWH[WXDO� LQIRUPDWLRQ�JDWKHU-

HG�IURP�WKH�REVHUYDWLRQ�DQG�LQWHUYLHZ�LQ�WKH�XVHU�

UHVHDUFK��,Q�WKLV�VHFWLRQ��ZH�DOVR�KLJKOLJKW�LGHQWL-

ILHG� LQWHUDFWLRQ� GHVLJQ� SDWWHUQV� DV� UHVXOWV� RI� RXU�

SURSRVHG�PHWKRG� 

 *RDO-4XHVWLRQ-0HWULF� �*40�� ZDV� XVHG� WR�

DQDO\]H� LQWHUDFWLRQ�GHVLJQ�SDWWHUQV�IRU�VXSSRUWLQJ�

JRDOV�DFKHLYHPHQW��ZKLFK�DUH�SUHVFKRRO�FKLOGUHQ¶V�

GUDZLQJ� FRPSHWHQFLHV�� 7DEOH� �� VKRZV� WKH� FDWH-

JRU\� RI� SUHVFKRRO� FKLOGUHQ¶V� GUDZLQJ� FRPSHWHQ-

FLHV�PDSSHG�LQWR�WKH�WDVNV�DQG�VXSSRUWLQJ�IHDWXUHV�

LQ� WKH�GUDZLQJ�JDPHV�DV� WKH� UHVXOW�RI�EUHDNGRZQ�

JRDO� LQWR� TXHVWLRQ� DQG� PHWULF�� 7KHUHIRUH�� WKH�

GUDZLQJ� JDPHV� KDYH� DFKLHYHG� JRDOV� RI� RXU�

SURSRVHG� *40�ZKLFK� FRPPRQ� SUHVFKRRO� FKLOG-

UHQ¶V� GUDZLQJ� FRPSHWHQFLHV� DUH� DYDLODEOH� LQ� WKH�

GUDZLQJ� JDPHV� �7DEOH� ���� +RZHYHU�� HDFK� RI� WKH�

JDPHV� VXSSRUWV� FRPSHWHQFLHV� VSHFLILF� WR� FHUWDLQ�

GUDZLQJ�JDPHV��7DEOH�����)RU�H[DPSOH�� WKH�JDPH�

RI�6FUDWFK��/HDUQ�WR�'UDZ�VXSSRUWV�WKH�FRPSHWHQ-

F\�RI�WKLFNHQLQJ�VWUDLJKW�DQG�FXUYHG�OLQH��EXW�WKLV�

FRPSHWHQF\� LV� QRW� VXSSRUWHG� E\� WKH� JDPH� RI��

/HDUQ�WR�'UDZ� 

 %DVHG� RQ�� LQWHUDFWLRQ� GHVLJQ� SDWWHUQ�PHDVX-

UHPHQW� �GXULQJ�REVHUYDWLRQ�RI� WKH� XVHU� UHVHDUFK���

WKH� FKLOGUHQ� GLG� QRW� ILQG� WKH� JDPHV� GLIILFXOW� WR�

SOD\��$YHUDJH�WLPH�WR�FRPSOHWH�WKH�WDVNV�ZDV�EHW-

ZHHQ���DQG����VHFRQGV��7DEOH���DQG�����7KHUH�DUH�

WZR�H[SODQDWLRQ�DERXW�WKLV�DYHUDJH�WLPH��7KH�ILUVW�

LV�WKH�UROH�RI�ILUVW�SDUWLFLSDQW��QDPHG�-XJMXJ��ZKR�

KDV� H[SHULHQFH� SOD\LQJ� VLPLODU� JDPHV�� 7KHQ�� WKH�

RWKHU� SDUWLFLSDQWV� IROORZHG� -XJMXJ¶V� LQWHUDFWLRQ�

SDWWHUQV� XVLQJ� WKH� JDPHV�� 7KH� VHFRQG� LV� VLPSOH�

XVHU�LQWHUIDFHV�VR�WKDW�WKH�SDUWLFLSDQWV�FRXOG�HDVLO\�

OHDUQ� WR� XVH� DQG� PDNH� DGDSWLRQ� ZLWK� SURYLGHG�

PHQXV� DQG� IHDWXUHV��7KLV�ZDV� VXSSRUWHG� E\� IDFWV�

WKDW�WKH�SDUWLFLSDQWV�ZHUH�IDVWHU�WR�FRPSOHWH�GUDZ-

LQJ� DQG� FRORU� VHOHFWLRQ� WDVNV� LQ� WKH� VHFRQG�JDPH�

FRPSDUHG� WR� WKH� ILUVW� JDPH� EHFDXVH� WKH� SDUWLFL-

SDQWV� KDG� EHWWHU� XQGHUVWDQGLQJ� RI� PHQWDO� PRGHO�

IRU� WKH� SDWWHUQV� RI� GUDZLQJ� JDPHV� IURP� WKH� ILUVW�

JDPH� 

 :H� ILQG� WKDW� D� JRRG� LQWHUDFWLRQ�GHVLJQ�SDWW-

HUQ�VHSDUDWHV�DOO�EXWWRQV�LQ�WKH�PDLQ�LQWHUIDFH��WKH�

ILUVW�LQWHUDFWLRQ�GHVLJQ�SDWWHUQ�LGHQWLILHG�DV�WKH�

UHVXOW� RI� RXU�SURSRVHG�PHWKRG���7KLV�SDWWHUQ� LV�

VKRZQ� LQ� WKH�'UDZ� WR� /HDUQ� JDPH�� ZKLFK� GUDZ-

LQJ��HUDVHU�DQG�FRORU�VHOHFWLRQ�DUH�VHSDUDWHG��0HD-

QZKLOH�� LQ� 6FUDWFK�� 'UDZ� WR� /HDUQ� JDPH�� HUDVHU�

EXWWRQ� LV� RQO\� DFWLYH� ZKHQ� GUDZLQJ� EXWWRQ� LV�

SUHVVHG� �)LJXUH� ���� 1RW� DOO� SDUWLFLSDQWV� FRXOG�

XQGHUVWDQG�WKLV�IHDWXUH�LQ�6FUDWFK��'UDZ�WR�/HDUQ�

JDPH�� VR� WKDW�DOPRVW�DOO�SDUWLFLSDQWV�FKRVH� WR�QRW�

ILQLVK� WKH� HUDVHU� WDVN� �7DEOH� ��� DQG� SUHIHUHG� WR�

FKRRVH� WR� SUHVV� QHZ� PHQX� WR� HUDVH� H[LVWLQJ�

SLFWXUH��:H� VXJJHVW� WR� VHSDUDWH� DOO� WKHVH� EXWWRQV�

�WKH� VHFRQG� SDWWHUQ�� LQ� DFFRUGDQFH� ZLWK� WKH�

PHQWDO� PRGHO� RI� D� XVHU� UHIOHFWLQJ� D� UHDO� ZRUOG�
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FRQGLWLRQ� ZKLFK� WKH� IXQFWLRQV� RI� GUDZLQJ� WRROV�

DQG�HUDVHU�DUH�VHSDUDWHG� 

 We propose to use two games in this re-

search to identify and  analyze interaction design 

patterns. Compared to [8], the use of two appli-

cation has benefits of speeding up to study exist-

ing interaction design patterns, finding problems 

and proposing solutions. The use of two appli-

cation is relevant to A/B testing [17] aiming to 

choose better system design. By comparing two 

applications, we can check whether interaction 

design patterns, including their problems and 

solutions,  exist in both applications or not.  If an 

interaction design pattern exist in both appli-

cations we can take the better interaction design 

pattern among the same interaction design pattern. 

This can strengthen an interaction design pattern 

resulted from the analysis because there are 

common problems and solutions related to inter-

action between an user and a system. But, if an 

interaction design pattern only exists in one of 

two applications, then we can choose this inter-

action design pattern as a proposed interaction 

design pattern. For example, the competency of 

thickening straight and curved line can only be 

found in the game of Scratch: Learn to Draw (the 

third pattern). Therefore, relevant interaction 

design pattern for this competency is taken from 

the game of Scratch: Learn to Draw. Based on our 

empirical results, the first and second identified 

interaction design patterns are suitable for 

preschool children. 

 

4. Conclusion 
 

7KH� XVH� RI� *RDO-4XHVWLRQ-0HWULF� �*40�� FDQ�

DVVLVW�WR�LGHQWLI\��DQDO\]H�DQG�HYDOXDWH��LQWHUDFWLRQ�

GHVLJQ�SDWWHUQV� LQ�GUDZLQJ�JDPHV��7KH�JRDO� LV� WR�

DFKLHYH� SUHVFKRRO� FKLOGUHQ¶V� GUDZLQJ� FRPSHWHQ-

FLHV�XVLQJ�LQWHUDFWLRQ�GHVLJQ�SDWWHUQV��%\�IRUPXOD-

WLQJ�TXHVWLRQV�DQG�PHWULFV�GHULYHG�IURP�WKH�JRDO���

LW� FDQ� \LHOG� D� PDSSLQJ� RI� GUDZLQJ� FRPSHWHQFLHV�

LQWR�IHDWXUHV��WDVNV�DQG�LQWHUDFWLRQ�GHVLJQ�SDWWHUQV�

RI� WKH� REVHUYHG� GUDZLQJ� JDPHV�� %DVHG� RQ� WKLV�

UHVHDUFK¶V� ILQGLQJV��XVLQJ�RXU�DSSURDFK�FDQ�\LHOG�

LQWHUDFWRQ�SDWWHUQV��%\�XVLQJ�WZR�DSSOLFDWLRQV��ZH�

H[SHFWV� WR� JHW� PRUH� LQWHU-DFWLRQ� GHVLJQ� SDWWHUQV�

FRPSDUHG� WR� 3DXZHOV� HW� DO�� >�@� DSSURDFK�� ZKLFK�

XVHV�DQ�H[LVWLQJ�DSSOLFDWLRQ�WR�LGHQWLI\�DQG�DQDO\-

]H� LQWHUDFWLRQ� GHVLJQ� SDWWHUQV�� +RZHYHU�� � WR� JHW�

EHVW� LQWHUDFWLRQ�GHVLJQ�SDWWHUQ��ZH�VXJJHVW� WR�XVH�

DOO�VWDJHV�LQ�3DXZHOV�HW�DO��>�@�DSSURDFK��%HFDXVH�

ZH�RQO\�XVHG�WZR�DSSOLFDWLRQV��ZH�RQO\�JRW�OLPLW-

HG�LQWHUDFWLRQ�GHVLJQ�SDWWHUQV��7KHUHIRUH��ZH�VXJ-

JHVW� WR� FRPSDUH�PRUH� DSSOLFDWLRQV� WR� \LHOG�PRUH�

LQWHUDFWLRQ�GHVLJQ�SDWWHUQV��:H�VXJJHVW�WKDW��SDUH-

QWV�DQG�WHDFKHUV�RI�SUHVFKRRO�VWXGHQWV�FDQ�XVH�DQG�

FRPELQH�PRUH�WKDQ�RQH�GUDZLQJ�JDPH�LQ�RUGHU�WR�

DFKLHYH� DOO� SUHVFKRRO� FKLOGUHQ¶V� GUDZLQJ� FRPSH-

WHQFLHV�� ,Q� DGGLWLRQ�� WKLV� FDQ� DOVR� EH� DQ� � RSSRU-

WXQLW\� IRU� ,QGRQHVLDQ¶V� JDPH� GHYHORSHUV� WR� SUR-

GXFH�GUDZLQJ�JDPHV�IXOILOOLQJ�DOO��SUHVFKRRO�FKLOG-

UHQ¶V� GUDZLQJ� FRPSHWHQFLHV� WKURXJK� WKH� XVH� RI�

LQWHUDFWLRQ�GHVLJQ�SDWWHUQ� 

 

$FNQRZOHGJPHQW 

 

7KLV� ZRUN� LV� VXSSRUWHG� E\� 7HONRP� 8QLYHUVLW\�

,QWHUQDO�5HVHDUFK�)XQG�6FKHPH�������7KH�DXWKRUV�

DOVR� WKDQN� WR� 5REE\� 'DU\RGL�� 'ZLWLND� 'LDK�

3DQJHVWXWL� DQG� ,QGDK� 0HNDU� 6DUL� IRU� WKH�

GLVFXVVLRQ�DQG�SURYLGLQJ�WKH�GDWD� 

 

5HIHUHQFHV 

 

>�@ $��+LQLNHU�HW�DO���³7RXFKVFUHHQ�3URPSWV�IRU�

3UHVFKRROHUV�� 'HVLJQLQJ� 'HYHORSPHQWDOO\�

$SSURSULDWH� 7HFKQLTXHV� IRU� 7HDFKLQJ�

<RXQJ� &KLOGUHQ� WR� 3HUIRUP� *HVWXUHV�´� LQ�

3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO�

&RQIHUHQFH� RQ� ,QWHUDFWLRQ� 'HVLJQ� DQG�

&KLOGUHQ�� 1HZ�<RUN�� 1<��86$�� ������ SS��

���±���� 

>�@ 1��6FKHXHU��0�� GH� OD�&UX]�� DQG� -�� ,�� 3R]R��

³&KLOGUHQ�WDON�DERXW�OHDUQLQJ�WR�GUDZ�´�(XU��

-�� 3V\FKRO�� (GXF��� YRO�� ���� QR�� ��� S�� �����

-XQ������� 

>�@ 0�� )DGOLOODK��� ³'HVDLQ� 3HPEHODMDUDQ�

3$8'�� 3DQGXDQ� XQWXN� SHQGLGLN��

PDKDVLVZD� 	� SHQJHOROD� SHQGLGLNDQ� DQDN�

XVLD� GLQL�´� ������ >2QOLQH@�� $YDLODEOH��

KWWS���OLEUDU\�ILS�XQ\�DF�LG�RSDF�LQGH[�SKS"S

 VKRZBGHWDLO	LG ������ >$FFHVVHG�� ��-

)HE-����@� 

>�@ 0�� .�� 6DEDULDK�� 9�� (IIHQG\�� DQG� 0�� )��

,FKVDQ�� ³,PSOHPHQWDWLRQ� RI� +LHUDUFKLFDO�

7DVN�$QDO\VLV� IRU�8VHU� ,QWHUIDFH�'HVLJQ� LQ�

'UDZLQJ� $SSOLFDWLRQ� IRU� (DUO\� &KLOGKRRG�

(GXFDWLRQ�´�-��(GXF��/HDUQ��(GX/HDUQ��YRO��

����QR�����SS�����±�����0D\������ 

>�@ '��$��1RUPDQ�DQG�6��:��'UDSHU��(GV���8VHU�

&HQWHUHG�6\VWHP�'HVLJQ��1HZ�3HUVSHFWLYHV�

RQ�+XPDQ-FRPSXWHU� ,QWHUDFWLRQ���� HGLWLRQ��

+LOOVGDOH��1�-���&5&�3UHVV������� 

>�@ )�� %�� /HDQGUR�� $�� 6RODQR�� DQG� &�� $��

&ROOD]RV�� ³3URSRVLQJ� ,QWHUDFWLRQ� 3DWWHUQV�

IRU� 'HVLJQLQJ� 9LGHRJDPHV� 6XSSRUWHG� LQ�

6PDUWSKRQHV�´� LQ� 3URFHHGLQJV� RI� WKH� ;9�

,QWHUQDWLRQDO� &RQIHUHQFH� RQ� +XPDQ�

&RPSXWHU� ,QWHUDFWLRQ�� 1HZ� <RUN�� 1<��

86$��������S������±����� 

>�@ (�� *DPPD�� 5�� +HOP�� 5�� -RKQVRQ�� -��

9OLVVLGHV�� DQG�*��%RRFK��'HVLJQ� 3DWWHUQV��

(OHPHQWV� RI� 5HXVDEOH� 2EMHFW-2ULHQWHG�

6RIWZDUH�� �� HGLWLRQ�� 5HDGLQJ�� 0DVV���

$GGLVRQ-:HVOH\�3URIHVVLRQDO������� 
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>�@ 6�� /�� 3DXZHOV�� &�� +�EVFKHU�� -��$�� %DUJDV-
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