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Abstract²� 6RIWZDUH� KDV� DOZD\V� EHHQ� FRQVLGHUHG� DV� PDOOHDEOH��
&KDQJHV� WR� VRIWZDUH� UHTXLUHPHQWV� DUH� LQHYLWDEOH� GXULQJ� WKH�
GHYHORSPHQW� SURFHVV�� 'HVSLWH� PDQ\� VRIWZDUH� HQJLQHHULQJ�
DGYDQFHV�RYHU�VHYHUDO�GHFDGHV��UHTXLUHPHQWV�FKDQJHV�DUH�D�VRXUFH�
RI�SURMHFW�ULVN��SDUWLFXODUO\�ZKHQ�EXVLQHVVHV�DQG�WHFKQRORJLHV�DUH�
HYROYLQJ� UDSLGO\�� $OWKRXJK� HIIHFWLYHO\� PDQDJLQJ� UHTXLUHPHQWV�
FKDQJHV�LV�D�FULWLFDO�DVSHFW�RI�VRIWZDUH�HQJLQHHULQJ��FRQFHSWLRQV�RI�
UHTXLUHPHQWV� FKDQJH� LQ� WKH� OLWHUDWXUH� DQG� DSSURDFKHV� WR� WKHLU�
PDQDJHPHQW�LQ�SUDFWLFH�VWLOO�VHHP�UXGLPHQWDU\���
7KH�RYHUDOO�JRDO�RI�WKLV�VWXG\�LV�WR�EHWWHU�XQGHUVWDQG�WKH�SURFHVV�RI�
UHTXLUHPHQWV�FKDQJH�PDQDJHPHQW��:H�SUHVHQW�ILQGLQJV�IURP�DQ�
H[SORUDWRU\�FDVH�VWXG\�RI�UHTXLUHPHQWV�FKDQJH�PDQDJHPHQW�LQ�D�
JOREDOO\� GLVWULEXWHG� VHWWLQJ�� ,Q� WKLV� FRQWH[W�ZH� QRWHG� D� FRQWUDVW�
ZLWK� WKH� WUDGLWLRQDO� PRGHOV� RI� UHTXLUHPHQWV� FKDQJH�� ,Q� WKHRU\��
FKDQJH�FRQWURO�SROLFLHV�DQG�IRUPDO�SURFHVVHV�DUH�FRQVLGHUHG�DV�D�
QDWXUDO� VWUDWHJ\� WR� GHDO� ZLWK� UHTXLUHPHQWV� FKDQJHV�� <HW� ZH�
REVHUYHG� WKDW� ³LQIRUPDO� UHTXLUHPHQWV� FKDQJHV´� �,QI5F�� ZHUH�
SHUYDVLYH�DQG�XQDYRLGDEOH��2XU�UHVXOWV�UHYHDO�DQ�HTXDOO\�µQDWXUDO¶�
LQIRUPDO�FKDQJH�PDQDJHPHQW�SURFHVV� WKDW� LV�UHTXLUHG� WR�KDQGOH�
,QI5F� LQ� SDUDOOHO�� :H� SUHVHQW� D� QRYHO� PRGHO� RI� UHTXLUHPHQWV�
FKDQJH�ZKLFK��ZH�DUJXH��EHWWHU� UHSUHVHQWV� WKH�SKHQRPHQRQ�DQG�
PRUH�UHDOLVWLFDOO\�LQFRUSRUDWHV�ERWK�WKH�LQIRUPDO�DQG�IRUPDO�W\SHV�
RI�FKDQJH��
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,��,1752'8&7,21�
5HTXLUHPHQWV� FKDQJH� LV� D� UHFRJQL]HG� DQG� DFFHSWHG�

SKHQRPHQRQ� LQ� FRQWHPSRUDU\� VRIWZDUH� GHYHORSPHQW�� ,Q� IDFW��
FKDQJH� LV� ZHOFRPHG� DQG� HPEUDFHG� LQ� DJLOH� GHYHORSPHQW�
DSSURDFKHV��DV�D�PHDQV�RI�DGGLQJ�YDOXH�DQG�LPSURYLQJ�XVDELOLW\��
2Q�WKH�RWKHU�KDQG��XQFRQWUROOHG�FKDQJHV�PD\�SRVH�D�ULVN�WR�FRVW�
DQG� TXDOLW\� RI� VRIWZDUH� >��� �@� DQG� KXUW� RUJDQL]DWLRQV� WKURXJK�
PLVVHG�GHDGOLQHV��EXGJHW�RYHUUXQV�DQG�ZDVWHG�UHVRXUFHV�>�@��

5HTXLUHPHQWV�HYROYH�GXH� WR�D�FRPELQDWLRQ�RI� LQWHUQDO�DQG�
H[WHUQDO�IDFWRUV�WKDW�WULJJHU�FKDQJH�>�@��6RPH�RI�WKH�XQDYRLGDEOH�
FKDQJHV� WKDW� LPSDFW� WKH� GHYHORSPHQW� SURFHVV� DUH� VWLOO�
PDQDJHDEOH� EHFDXVH� WKH\� DUH� FXVWRPHU�LQLWLDWHG�� H[WHUQDOO\�
IRFXVHG� DQG� DVVHVVDEOH� LQ� WHUPV� RI� WKHLU� LPSDFW�� 7KHUHIRUH�
FRPPXQLFDWLQJ�WKH�LPSOLFDWLRQV�RI�WKHVH�FKDQJHV�WR�FXVWRPHUV�
LV� FRPSDUDWLYHO\� VWUDLJKW� IRUZDUG� DQG� HVWDEOLVKLQJ� FKDQJH�
FRQWURO�SROLFLHV�RU�VDIHJXDUGV�DJDLQVW�WKHP�LV�SRVVLEOH�>����@��,Q�
WKLV� VWXG\� ZH� KDYH� REVHUYHG� DQRWKHU� FODVV� RI� UHTXLUHPHQWV�
FKDQJH� WKDW� ZH� UHIHU� WR� DV� Informal Requirements Change 
�,QI5&��� ,QI5&V� DUH� PRUH� LQWHUQDOO\� IRFXVHG�� SRWHQWLDOO\�

VXEYHUVLYH� WR�WKH�GHYHORSPHQW�SURFHVV�DQG�WKHUHIRUH�KDUGHU�WR�
PDQDJH��:H�GHILQH�,QI5&V�DV�FKDQJHV�LQ�UHTXLUHPHQWV�LQLWLDWHG�
E\�DQ\�VWDNHKROGHU�WKDW�E\SDVV�PRVW�RI�WKH�SROLFLHV�RU�FRQWUROV�
LPSRVHG�E\�IRUPDO�FKDQJH�PDQDJHPHQW�SURFHVVHV��H�J��IRUPDO�
UHYLHZ�DQG�FKDQJH�LPSDFW�DQDO\VLV��DQG�DUH�LPSOHPHQWHG�LQ�WKH�
HYROYLQJ�V\VWHP���

6HYHUDO� IDFWRUV�FRQWULEXWH�WR�WKH�PDQLIHVWDWLRQ�RI�,QI5&�LQ�
VRIWZDUH� GHYHORSPHQW� SURMHFWV�� 6RPHWLPHV� WKH\� DULVH� DV� D�
FRQVHTXHQFH� RI� SUHPDWXUHO\� HQGLQJ� 5(� DFWLYLWLHV� >�@� RU�
DWWHPSWLQJ�D�UHTXLUHPHQWV�µIUHH]H¶�HDUOLHU�WKDQ�XVXDO�LQ�D�SURMHFW��
WKXV�µODWHQW¶�EXW�QHFHVVDU\�FKDQJHV�VSULQJ�XS�>�@��,Q�RWKHU�FDVHV�
,QI5&�PLJKW� HPHUJH� DV� D� FRQVHTXHQFH� RI� VNXQNZRUNV� �ZRUN�
KLGGHQ�E\�PDQDJHUV�WR�JHW�VRPHWKLQJ�GHYHORSHG�E\�PDNLQJ�DG�
KRF� GHFLVLRQV� DQG� E\SDVVLQJ� WLPH� FRQVXPLQJ� IRUPDOLWLHV� >�@���
FUHHSLQJ� UHTXLUHPHQWV� �D� FRQWLQXRXV� LQIOX[� RI� UHTXLUHPHQWV�
DGGLWLRQV�DQG�FKDQJHV��>�@�RU�FUHHSLQJ�HOHJDQFH�>�@��DGGLWLRQV�
PDGH�ZLWKRXW� WKH� FRQVLGHUDWLRQ� RI� GHOD\� LQ� WKH� VFKHGXOH� DQG�
SURMHFW� FRVW� >��@��� ,QI5&V�PD\� DOVR� UHVXOW� IURP� WKH� IDLOXUH� WR�
FUHDWH�D�SUDFWLFDO�SURFHVV�WR�KHOS�PDQDJH�FKDQJHV�>��@��

:H�SRVLW� WKDW� DOWKRXJK�PDQ\�SURMHFWV� VWLOO� XVH�SODQ�GULYHQ�
5&0�SURFHVVHV�IRU�JRRG�UHDVRQV�EXW�WKH\�VHHP�WR�ODFN�DGHTXDWH�
VXSSRUW�WR�UHFRJQL]H�DQG�PDQDJH�,QI5&��7KH�RYHUDOO�REMHFWLYH�
RI� WKLV� UHVHDUFK� LV� WKXV� WR� H[SORUH� WKH� QRWLRQ� RI� ,QI5&� E\�
FRQGXFWLQJ� D� FDVH� VWXG\�� 2XU� DLP� LV� WR� LQFUHDVH� RXU�
XQGHUVWDQGLQJ� RI� WKLV� FRPSOH[� SKHQRPHQRQ�� GLVFRYHU� LWV�
VRXUFHV��WKH�UHDVRQV�WR�DFFRPPRGDWH�WKHP�DQG�WKH�LPSOLFDWLRQV�
RI� GHDOLQJ� ZLWK� VXFK� FKDQJHV� LQ� DQ� LQIRUPDO� PDQQHU�� 7KH�
UHVHDUFK�TXHVWLRQV�IRU�RXU�VWXG\�DUH���

RQ1. What are the sources of informal changes to requirements? 

RQ2. How are informal changes handled in practice? 

RQ3. What are the implications of managing requirements 
changes informally? 

,Q�DGGLWLRQ�WR�SUHVHQWLQJ�WKH�ILQGLQJV�RI�RXU�H[SORUDWRU\�FDVH�
VWXG\�RI�PDQDJLQJ�,QI5&�LQ�D�VRIWZDUH�GHYHORSPHQW�SURMHFW��WKLV�
SDSHU�DOVR�SUHVHQWV�D�PRUH�UHDOLVWLF�FKDQJH�PDQDJHPHQW�SURFHVV�
PRGHO�IRU�,QI5&��7R�RXU�NQRZOHGJH�WKLV�LV�WKH�ILUVW�NQRZQ�PRGHO�
WKDW� FDSWXUHV� ERWK� IRUPDO� DQG� LQIRUPDO� DFWLYLWLHV� WR� PDQDJH�
UHTXLUHPHQWV�� 7KLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� ,,�
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EULHIO\�GHVFULEHV� WKH�XQSUHGLFWDEOH�QDWXUH�RI� UHTXLUHPHQWV�DQG�
SUHVHQWV� WKH� FODVVLFDO� SHUVSHFWLYH� RQ� UHTXLUHPHQWV� FKDQJH�
PDQDJHPHQW��6HFWLRQ�,,,�GHVFULEHV�WKH�UHVHDUFK�PHWKRGV�XVHG�LQ�
WKLV� FDVH� VWXG\�� 6HFWLRQ� ,9� SUHVHQWV� WKH� UHVHDUFK� VHWWLQJV� DQG�
SURILOHV�RXU�FDVH�VWXG\�DGRSWLQJ�D�YHQGRU¶V�SHUVSHFWLYH��6HFWLRQ�
9�KLJKOLJKWV�WKH�ILQGLQJV�DQG�SUHVHQWV�WKH�PRGHO�RI�UHTXLUHPHQWV�
FKDQJH�GHULYHG�IURP�WKLV�VWXG\��GLVFXVVHV�WKH�VRXUFHV�RI�,QI5&��
WKH� UHDVRQV� WR� DFFRPPRGDWH� FKDQJHV� LQIRUPDOO\� DQG� LWV�
LPSOLFDWLRQV�� 6HFWLRQ� 9,� UHIOHFWV� RQ� ,QI5&� DV� DQ� LQHYLWDEOH�
SKHQRPHQRQ� DQG� WKH� RYHUVLJKW� ZLWK� UHJDUGV� WR� ,QI5&� LQ� WKH�
H[LVWLQJ� 5&0� PRGHOV� LQ� OLWHUDWXUH�� 7KH� OLPLWDWLRQV� RI� WKLV�
UHVHDUFK� DUH� FRYHUHG� QH[W� LQ� 6HFWLRQ� 9,,�� IROORZHG� E\� WKH�
LPSOLFDWLRQ�RI�WKH�UHVXOWV�IRU�UHVHDUFK�LQ�6HFWLRQ�9,,,��6HFWLRQ�,;�
EULHIO\�FRQFOXGHV�WKH�SDSHU��

,,��%$&.*5281'��
&RPPHUFLDO�EHVSRNH�SURMHFWV�FRQWLQXH�WR�IDFH�DQ�LQIOX[�RI�

UHTXLUHPHQWV� FKDQJH� IURP� HOLFLWDWLRQ� WKURXJK� WR� GHOLYHU\� DQG�
HYHQ�EH\RQG� >�@��7KLV� UHDOLW\� VKDWWHUV� WKH� ULJLG�� DQG�XQQDWXUDO�
IRUPDO�FKDQJH�FRQWURO�SROLFLHV�VXSHULPSRVHG�E\�PDQDJHPHQW�RQ�
WKH�SURMHFWV�WR�NHHS�WKHP�XQGHU�FRQWURO��

7KH�UHDOLW\�RI�GHYHORSLQJ�VRIWZDUH�LV�LWV�LQQDWH�PDOOHDELOLW\�
DQG�WKH�HPHUJLQJ��VRPHWLPHV�DUELWUDU\��QDWXUH�RI�UHTXLUHPHQWV��
7KH�LQLWLDO�YLVLRQ�IRU�D�VRIWZDUH�VROXWLRQ�HYROYHV�DV�WKH�SURMHFW�
LV� H[SORUHG� WKURXJK� G\QDPLF� DUWHIDFWV� WKDW� FODULI\� WKH� LQLWLDO�
SHUFHSWLRQ�RI�UHDOLW\�>��@��6LPLODUO\�VWDNHKROGHUV�ZLWK�GLIIHUHQW�
RSLQLRQV� DQG� SULRULWLHV� H[SUHVV� WKHLU� UHTXLUHPHQWV� LQ� GLIIHUHQW�
ZD\V� OHDGLQJ� WR� DPELJXLWLHV� DQG� LQFRQVLVWHQFLHV� >��@�� 2IWHQ�
FKDQJHV�LQ�UHTXLUHPHQWV�QHHG�WR�EH�PDGH�WR�UHVROYH�WKHP��6RPH�
RI�WKHVH�FKDQJHV�DUH�KDQGOHG�E\�D�IRUPDO�SURFHVV�ZKLOH�RWKHUV�
IROORZ�DQ�LQIRUPDO�SDWK���

7KH�WUDGLWLRQDO�5&0�SURFHVV�PRGHOV�IRXQG�LQ�WKH�OLWHUDWXUH�
DUH� JHDUHG� WRZDUGV� KDQGOLQJ� UHTXLUHPHQWV� FKDQJH� EDVHG� RQ�
IRUPDO� FKDQJH� FRQWURO� SROLFLHV� >��� ��� �����@�� 7KH� GULYHUV� IRU�
WKHVH�PRGHOV�DSSHDU� WR�EH�ERWK�FRPPHUFLDO�DV�ZHOO�DV�SURMHFW�
PDQDJHPHQW� FRQFHUQV� RI� FRQWUROOLQJ� FRVW� DQG� VFRSH�� 7KH�
XQGHUO\LQJ�DVVXPSWLRQV�LQ�DOPRVW�DOO�PRGHOV�LV�WKDW�FKDQJHV�RQO\�
RFFXU�ZKHQ�UHTXLUHPHQWV�DUH�EDVH�OLQHG�DQG�WKHUHIRUH�FKDQJHV�
VKRXOG� RQO\� EH� WUHDWHG� IRUPDOO\�� +RZHYHU� LQ� UHDOLW\�� WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�FKDQJH�UHTXHVWRU�DQG�LPSOHPHQWHU�DQG�
WKH�XUJHQF\�RU�VLJQLILFDQFH�RI�FKDQJH�PD\�QRW�DOORZ�D�FKDQJH�WR�
DOZD\V� IROORZ�D� IRUPDO�SDWK� IRU� LPSOHPHQWDWLRQ� >������@��)RU�
H[DPSOH�� SURWRW\SHV� FDQ� EH� LQIRUPDOO\� ³KDFNHG� WRJHWKHU´� E\�
ERWK� WKH� FXVWRPHU� DQG� WKH� GHYHORSHUV�� :KHQ� FOLHQWV� RU� WKHLU�
UHSUHVHQWDWLYHV� KDYH� HDV\� DFFHVV� WR� GHYHORSPHQW� WHDPV� WKH\�
RIWHQ� UHTXHVW� DGGLWLRQV� WR� WKH� UHTXLUHPHQWV� ZLWKRXW� JRLQJ�
WKURXJK� D� IRUPDO� FKDQJH� UHYLHZ� SURFHVV� >�@�� ,Q� VXFK�
FLUFXPVWDQFHV�FXVWRPHUV�RIWHQ�DSSURDFK�GHYHORSHUV�GLUHFWO\�WR�
JHW�WKHLU�GHVLUHG�FKDQJHV�LPSOHPHQWHG�LQWR�WKH�V\VWHP��6LPLODUO\�
WKH�GHYHORSHUV�FDQ��LQIRUPDOO\��DGG�IHDWXUHV�RI�WKHLU�RZQ�FKRLFH�
WR� WKH� VRIWZDUH� E\� PHDQV� RI� µJROG� SODWLQJ¶� >��@�� 7KXV��
UHTXLUHPHQWV�FDQ�EHFRPH�XQVWDEOH�LQ�ZD\V�WKDW�DUH�QRW�DOZD\V�
YLVLEOH�WR�SURMHFW�PDQDJHUV�>�@���

7KH�H[LVWLQJ�UHTXLUHPHQWV�PDQDJHPHQW�SURFHVV�PRGHOV�GR�
QRW� DFNQRZOHGJH� RU� WUHDW� VXFK� LQIRUPDO� FKDQJHV�� 8QGHU�
FRQYHQWLRQDO� FKDQJH� PDQDJHPHQW� DSSURDFKHV�� WKH� SUHVFULEHG�
PHDVXUHV� WR� HIILFLHQWO\�PDQDJH� VFRSH� FUHHS� LQFOXGH� KDYLQJ� D�

VLQJOH�FKDQQHO�WR�KDQGOH�FKDQJH�ZLWK�D�ILUHZDOO�WR�JXDUG�DJDLQVW�
XQZDQWHG� FKDQJHV� >�@�� EDVH�OLQLQJ� UHTXLUHPHQWV� >�@� DQG�
FKHFNLQJ�� FRVWLQJ� DQG� DSSURYLQJ� FKDQJHV�� +RZHYHU�� QRQH� RI�
WKHVH� DSSURDFKHV� DUH� VSHFLILFDOO\� GHVLJQHG� WR� KDQGOH� LQIRUPDO�
FKDQJHV�LQ�UHTXLUHPHQWV�DV�GHVFULEHG�SUHYLRXVO\���

:H�KDYH� LGHQWLILHG�D�FRQWH[W�ZKHUHLQ� LQIRUPDO�FKDQJHV� LQ�
UHTXLUHPHQWV�ZHUH� LQHYLWDEOH� DQG� SHUYDVLYH��$� IRUPDO� FKDQJH�
SURFHVV�PD\�DSSHDU�D�µQDWXUDO¶�VWUDWHJ\�WR�FRSH�ZLWK�FKDQJHV�LQ�
UHTXLUHPHQWV�LQ�D�IRUPDO�ZD\��+RZHYHU��RXU�VWXG\�VXJJHVWV�WKDW�
WKHUH�LV�DOVR�DQ�HTXDOO\�µQDWXUDO¶�DQG�SDUDOOHO�SURFHVV�WKDW�RFFXUV�
WKURXJK�ZKLFK�LQIRUPDO�FKDQJHV�DUH�KDQGOHG��

,,,��5(6($5&+�0(7+2'6�
7R�DQVZHU�RXU�UHVHDUFK�TXHVWLRQV��ZH�SHUIRUPHG�D�FDVH�VWXG\�

RQ�D�GHFLVLRQ�VXSSRUW�VRIWZDUH�GHYHORSPHQW�SURMHFW�FDUULHG�RXW�
DFURVV�WKUHH�JHRJUDSKLFDOO\�GLVWULEXWHG�FOLHQW�DQG�YHQGRU�VLWHV�LQ�
WKH�86$�DQG�3DNLVWDQ��$Q�H[SORUDWRU\�FDVH�VWXG\�PHWKRGRORJ\�
>��@� >��@� ZDV� DSSOLHG� WR� JDLQ� D� GHHSHU� XQGHUVWDQGLQJ� RI� WKH�
SKHQRPHQRQ� RI� UHTXLUHPHQWV� FKDQJH�� ZKLFK� ZH� DUJXH� LV� DQ�
XQGHU�WKHRUL]HG� DUHD� LQ� VRIWZDUH� HQJLQHHULQJ�� 'DWD� ZDV�
FROOHFWHG�SULPDULO\�IURP�VHPL�VWUXFWXUHG�LQWHUYLHZV��REVHUYDWLRQ�
RI� WKH� UHTXLUHPHQWV� PDQDJHPHQW� SURFHVV�� DQG� LQVSHFWLRQ� RI�
FKDQJH� UHODWHG� DUWHIDFWV� �H�J�� 50� SURFHVV� GRFXPHQWDWLRQ��
5HTXLUHPHQWV�&KDQJH�DQG�,VVXH�/RJV���

A. Interviews 
7KH�ILUVW�DXWKRU�WUDYHOOHG�WR�3DNLVWDQ�WR�FDUU\�RXW�LQWHUYLHZV�

RI�WKH�NH\�SURMHFW�VWDNHKROGHUV�IURP�WKH�YHQGRU�VLGH��6HYHQWHHQ�
VHPL�VWUXFWXUHG� LQWHUYLHZV� RI� DSSUR[LPDWHO\� ��� PLQXWHV� HDFK�
ZHUH�FRQGXFWHG�LQ�WZR�SKDVHV�IRU�WKH�FDVH�VWXG\��,Q�SKDVH�WZR�
ILQGLQJV� IURP� LQLWLDO� DQDO\VLV� ZHUH� FRQILUPHG� DQG� IROORZ� XS�
TXHVWLRQV�ZHUH�DVNHG� WR� LGHQWLI\� WKH�HYROXWLRQ�RI�SUDFWLFHV� �LI�
DQ\�� LQ� PDQDJLQJ� UHTXLUHPHQWV� FKDQJHV�� 7KH� LQWHUYLHZHHV�
LQFOXGHG� RQH� GHYHORSPHQW� PDQDJHU�� WZR� WHDP� OHDGV�� WZR�
GHYHORSHUV� DQG� D� TXDOLW\� DVVXUDQFH� PDQDJHU�� 7R� FRYHU� WKH�
FOLHQW
V�SHUVSHFWLYH��WKH�&(2�RI�WKH�FRPSDQ\�ZDV�LQWHUYLHZHG�
ZKR�DOVR�DFWHG�DV�WKH�SUR[\�WR�WKH�FOLHQW���
7KH� LQWHUYLHZV�ZHUH� JXLGHG� E\� KLJK� OHYHO� TXHVWLRQV� VXFK� DV��
µµZKDW� DUH� WKH� SUDFWLFHV� RI� FDUU\LQJ� RXW� DQG� PDQDJLQJ�
UHTXLUHPHQWV�FKDQJH"´�DQG�³ZKDW�DUH� WKH� FKDOOHQJHV� IDFHG�E\�
SUDFWLWLRQHUV� LQ� PDQDJLQJ� UHTXLUHPHQWV"´�� 7KH� JRDO� RI� WKHVH�
LQWHUYLHZV�LQ�JHQHUDO�ZDV�WR�XQGHUVWDQG�WKH�FKDQJH�PDQDJHPHQW�
SUDFWLFHV�DQG�WR�LGHQWLI\�PDMRU�FKDOOHQJHV��+RZHYHU��GXULQJ�WKH�
FRXUVH�RI� WKLV� VWXG\��DQ� LQIRUPDO�FKDQJH�PDQDJHPHQW�SURFHVV�
ZDV� LGHQWLILHG�ZKLFK�ZDV� ODWHU� H[SORUHG��7KH� LQWHUYLHZV�ZHUH�
UHFRUGHG� DQG� WUDQVFULEHG� LQ� IXOO� IRU� IXUWKHU� DQDO\VLV��7KH� GDWD�
FROOHFWLRQ� SURFHVV� VSDQQHG� RYHU� ���PRQWKV� �)HE� ����� WR� -DQ�
�������

7KHPDWLF� FRQWHQW� DQDO\VLV� �7&$�� WHFKQLTXH� >��@�� ZDV�
DSSOLHG� WR� DQDO\]H� TXDOLWDWLYH� GDWD� FROOHFWHG� IURP� WKH� VHPL�
VWUXFWXUHG� LQWHUYLHZV��'XULQJ�DQDO\VLV� WKH�GDWD�ZDV�RUJDQL]HG��
V\QWKHVL]HG��HYDOXDWHG�� LQWHUSUHWHG�DQG�FDWHJRUL]HG� LQ�RUGHU� WR�
VHH�SDWWHUQV��LGHQWLI\�WKHPHV�DQG�GLVFRYHU�UHODWLRQVKLSV�>��@���
7KH� LGHQWLILHG� FKDOOHQJHV� IRU� PDQDJLQJ� UHTXLUHPHQWV� FKDQJH��
PDMRU� IDFWRUV� FRQWULEXWLQJ� WR� WKHVH� FKDOOHQJHV� DQG� WKHLU�
LPSOLFDWLRQV� ZHUH� SODFHG� XQGHU� DSSURSULDWH� FDWHJRULHV� WKDW�
HPHUJHG�IURP�WKHPDWLF�DQDO\VLV��2WKHU�HPHUJHQW�WKHPHV�UHODWHG��



�
)LJXUH����5HTXLUHPHQWV�&ROODERUDWLRQ�DPRQJ�6WDNHKROGHUV�LQ�:,6�3URMHFW�

WR�DFWXDO�SUDFWLFHV��LQFOXGLQJ�,QI5&�ZHUH�LGHQWLILHG�DQG�H[SORUHG�
IXUWKHU��7KH�UHVXOWV�RI�7&$�FDUULHG�RXW�E\�WKH�ILUVW�DXWKRU�ZHUH�
UHYLHZHG�DQG�FRQILUPHG�E\�WZR�RWKHU�FR�DXWKRUV��

B. On-site Observations 
2EVHUYDWLRQV� ZHUH� PDGH� GXULQJ� FOLHQW� DQG� GHYHORSPHQW�

WHDP� PHHWLQJV�� WHDP� FROODERUDWLRQ� RYHU� UHTXLUHPHQWV� DQG�
FKDQJH� UHODWHG� DFWLYLWLHV�� 7KHVH� REVHUYDWLRQV� UHJDUGLQJ�
DFWLYLWLHV��UROHV��VLWHV�DQG�SURFHVV�ZHUH�PDSSHG�XVLQJ��DFWLYLW\�
EDVHG��SURFHVV�PDSSLQJ� >��@� WHFKQLTXH� WR�XQGHUVWDQG� WKH�50�
DFWLYLWLHV�EHWWHU�DQG�FUHDWH�&0�PRGHO�LQ�SUDFWLFH��)LJXUH�����

C. Artefact Analysis 
:H�LQVSHFWHG�DQG�DQDO\VHG�D�UDQJH�RI�DUWHIDFWV�UHODWHG�WR�50�

SURFHVV� XVLQJ� $UWHIDFW� DQDO\VLV� WHFKQLTXHV� >��@�� 7KH� PDLQ�
DUWHIDFWV� LQFOXGHG� 50� SURFHVV� GRFXPHQWDWLRQ�� UHTXLUHPHQWV�
VSHFLILFDWLRQ�� GHVLJQ� VSHFLILFDWLRQV�� FKDQJH� UHODWHG� HPDLOV�
EHWZHHQ�WKH�FOLHQW��SUR[\�FOLHQW�DQG�WKH�GHYHORSPHQW�WHDP��IURP�
DQ� RQOLQH� LVVXH� WUDFNLQJ� WRRO� DQG�5HTXLUHPHQWV�&KDQJH�/RJV�
�5&/V��FRQWDLQLQJ�DURXQG�RQH�KXQGUHG�FKDQJH�UHTXHVWV��

D. Analysis Procedure 
7KH�DQDO\VLV�RI�WKH�GDWD�REWDLQHG�IURP�WKHVH�WKUHH�VRXUFHV�

KHOSHG�WR�DVFHUWDLQ�WKH�DFWXDO�FKDQJH�PDQDJHPHQW�SUDFWLFHV�RI�
WKH� SURMHFW� WHDP� DQG� WR� LGHQWLI\� DQ\� GLVFUHSDQFLHV� IURP� WKH�
SUHVFULEHG� SURFHVV� �)LJXUH� ���� 7DEOH� �� GHVFULEHV� WKH� VWHSV�
LQYROYHG� LQ� DQDO\VLQJ� GDWD� FROOHFWHG� IURP� WKHVH� PXOWLSOH�
VRXUFHV���

7KH� H[LVWLQJ� FKDQJH�PDQDJHPHQW� SUDFWLFHV� RI� WKH� SURMHFW�
LGHQWLILHG� WKURXJK� RXU� DQDO\VLV� ZHUH� PDSSHG� LQWR� D� PRGHO�
�)LJXUH� ���� ZKLFK� ZH� FDOO� WKH� &KDQJH� 0DQDJHPHQW� 3URFHVV�
0RGHO� LQ�3UDFWLFH��&00L3���7KLV�PRGHO�GHSLFWV� WKH�OLIHF\FOH�
DFWLYLWLHV�RI�D�UHTXLUHPHQWV�FKDQJH�EDVHG�RQ�WKH�DFWXDO�SUDFWLFHV�
DQG�VHTXHQFH�RI�DFWLYLWLHV�REVHUYHG�LQ�WKH�FDVH�VWXG\��7KH�LQLWLDO�
GUDIW� RI� WKH� &00L3� PRGHO� ZDV� VKDUHG� ZLWK� WKH� YHQGRU¶V�
GHYHORSPHQW� PDQDJHU� IRU� YHULILFDWLRQ�� DQG� WKH� PRGHO� ZDV�
XSGDWHG�EDVHG�RQ�KLV�IHHGEDFN���

,9��5(6($5&+�6(77,1*�
:H�VWXGLHG�D�VRIWZDUH�SURFXUHPHQW�DQG�GHYHORSPHQW�SURMHFW�

DW�6\QF��D�ILFWLWLRXV�QDPH�LQYHQWHG�WR�VHFXUH�WKH�DQRQ\PLW\�RI�
WKH�FRPSDQ\���7KH�SURMHFW� LQYROYHG�DQ�HQKDQFHPHQW�RI�D�ZHE�
EDVHG�LQIRUPDWLRQ�V\VWHP��:,6���7KH�JRDO�RI�WKH�SURMHFW�ZDV�WR�
LQWHJUDWH�WKH�:,6�LQWHUIDFH�ZLWK�H[LVWLQJ�RQOLQH�WRROV�WR�IDFLOLWDWH�
XWLOL]DWLRQ�RI�WKH�DYDLODEOH�LQIRUPDWLRQ�DQG�LPSURYH�XVHU��

7$%/(��3+$6(6�2)�7+(�$1$/<6,6�352&(66�

3KDVH� 'HVFULSWLRQ�RI�WKH�SURFHVV�

)DPLOLDUL]DWLRQ�
ZLWK�GDWD��

7UDQVFULELQJ� GDWD� �ZKHUH� QHFHVVDU\��� UHDGLQJ� DQG� UH�
UHDGLQJ�WKH�GDWD��QRWLQJ�GRZQ�LQLWLDO�LGHDV��

*HQHUDWLQJ�
LQLWLDO�FRGHV��

&RGLQJ�LQWHUHVWLQJ�IHDWXUHV�RI�WKH�GDWD�LQ�D�V\VWHPDWLF�
IDVKLRQ�DFURVV�WKH�HQWLUH�GDWD�VHW��FROODWLQJ�GDWD�UHOHYDQW�
WR�HDFK�FRGH�

6HDUFKLQJ� IRU�
WKHPHV��

&ROODWLQJ�FRGHV�LQWR�SRWHQWLDO�WKHPHV��JDWKHULQJ�DOO�GDWD�
UHOHYDQW�WR�HDFK�SRWHQWLDO�WKHPH�

5HYLHZLQJ�
WKHPHV��

&KHFNLQJ� LI� WKH� WKHPHV�ZRUN� LQ� UHODWLRQ� WR� WKH� FRGHG�
H[WUDFWV� �/HYHO� ��� DQG� WKH� HQWLUH� GDWD� VHW� �/HYHO� ����
JHQHUDWLQJ�D�WKHPDWLF�µPDS¶�RI�WKH�DQDO\VLV��

'HILQLQJ� DQG�
QDPLQJ�
WKHPHV��

2QJRLQJ�DQDO\VLV�WR�UHILQH�WKH�VSHFLILFV�RI�HDFK�WKHPH��
DQG�WKH�RYHUDOO�VWRU\�WKH�DQDO\VLV�WHOOV��JHQHUDWLQJ�FOHDU�
GHILQLWLRQV�DQG�QDPHV�IRU�HDFK�WKHPH��

3URGXFLQJ� WKH�
UHSRUW��

6HOHFWLRQ�RI�YLYLG��FRPSHOOLQJ�H[WUDFW�H[DPSOHV�� ILQDO�
DQDO\VLV� RI� VHOHFWHG� H[WUDFWV�� UHODWLQJ� EDFN� RI� WKH�
DQDO\VLV� WR� WKH� UHVHDUFK� TXHVWLRQ� DQG� OLWHUDWXUH��
SURGXFLQJ�D�VFKRODUO\�UHSRUW�RI�WKH�DQDO\VLV��

�
H[SHULHQFH��7KH�FRQWUDFW�RXWOLQHG�KLJK�OHYHO�VFRSH��REMHFWLYHV��
DQG� GHOLYHUDEOHV� IRU� WKH� SURMHFW�� 7KH� YHQGRU� WKHUHIRUH� KDG� WR�
HOLFLW� UHTXLUHPHQWV� IURP� WKH� H[LVWLQJ� V\VWHP�� IURP� WKH�
VWDNHKROGHUV��YDULRXV�FOLHQW�JURXSV�DQG�JHQHUDO�SXEOLF��DQG�RWKHU�
DYDLODEOH� UHVRXUFHV��$�EULGJLQJ� UROH�ZDV�GHHPHG�QHFHVVDU\� WR�
PHGLDWH� RU� OLDLVH� EHWZHHQ� WKH� FOLHQW� DQG� WKH� RIIVKRUH�
GHYHORSPHQW�VLWH�HVSHFLDOO\�IRU�5(�DFWLYLWLHV��7KH�&(2�RI�6\QF��
ZKR�ZDV�RQVKRUH�ZLWK�WKH�FOLHQW�LQ�WKH�86$�SOD\HG�WKLV�UROH��$�
PL[�RI�ZDWHUIDOO�DQG�HYROXWLRQDU\�SURWRW\SLQJ�>��@�ZDV�DGRSWHG�
DV�WKH�PHWKRGRORJ\�IRU�WKH�GHYHORSPHQW�RI�:,6��7KH�XVH�RI�D�
SODQ�GULYHQ� >:DWHUIDOO@� PHWKRGRORJ\� LQVWHDG� RI� DQ� DJLOH�
DSSURDFK� IRU� WKLV� SURMHFW� UHVXOWHG� LQ� VWULFWHU� FKDQJH� FRQWURO�
SROLFLHV��

7KH� YHQGRU� WHDP� FROODERUDWHG� ZLWK� WKUHH� VHWV� RI�
VWDNHKROGHUV�� WKH� FOLHQW¶V� ,7� VWDII�� GRPDLQ� H[SHUWV� �'(V�� DQG�
XVHUV� �VKRZQ� DV� µ6WDNHKROGHUV¶� LQ� )LJXUH� ���� '(V� DFWHG� DV�
DGGLWLRQDO� FOLHQWV� ZKR� SDUWLFLSDWHG� LQ� UHTXLUHPHQWV�UHODWHG�
DFWLYLWLHV�DQG�SHUIRUPHG�YHULILFDWLRQ�DQG�YDOLGDWLRQ�VHUYLFHV�IRU�
VRIWZDUH� UHOHDVHV�� 6LPLODUO\�� WKH� FOLHQW� FROODERUDWHG� ZLWK� WZR�
JURXSV� RI� WKH� VWDNHKROGHUV� DW� YHQGRU� RUJDQL]DWLRQ�� WKH� RQVLWH�
%$�SUR[\�FOLHQW�DQG�RIIVKRUH�GHYHORSPHQW�PDQDJHU�DV�ZHOO�DV�
WHDP�OHDGV��)LJXUH���GHSLFWV�WKH�VLWHV�DQG�NH\�UROHV�LQYROYHG�LQ�
UHTXLUHPHQWV�UHODWHG�FROODERUDWLYH�DFWLYLWLHV��

6\QF� LV� D�&00,�/HYHO±,,� FHUWLILHG� VRIWZDUH� GHYHORSPHQW�
FRPSDQ\�EDVHG�LQ�86$�ZLWK�DQ�RIIVKRUH�GHYHORSPHQW�WHDP�LQ�
3DNLVWDQ��$�&00,�EDVHG�UHTXLUHPHQWV�PDQDJHPHQW�PRGHO�>��@�
ZDV� SUHVFULEHG� IRU� XVH� E\� WKH� PDQDJHPHQW� RI� WKH� YHQGRU�
RUJDQL]DWLRQ��)LJXUH�����7KH�DFWLYLWLHV�VKRZQ�LQ�WKH�PRGHO�DUH�
OLQHDU�ZKLFK� VWDUW� IURP�JDWKHULQJ�DQG�DQDO\]LQJ� UHTXLUHPHQWV��
ZKLFK� DUH� WKHQ� VLJQHG� RII� E\� WKH� FOLHQW�� &KDQJH�PDQDJHPHQW�
DFWLYLWLHV� IROORZ� UHTXLUHPHQWV� VLJQ� RII� SKDVH� DQG� DIWHU�
FRPSOHWLRQ� RI� WKRVH� DFWLYLWLHV� UHTXLUHPHQWV� WUDFHDELOLW\� LV�
PDQDJHG��&RUUHFWLYH�DFWLRQV�DUH�WDNHQ�LI�DQ\�LQFRQVLVWHQFLHV�DUH�
LGHQWLILHG�LQ�WKH�SURFHVV��

9��),1',1*6��
6HFWLRQ� $� GHVFULEHV� WKH� DFWXDO� 5&0� SURFHVV� REVHUYHG� LQ�

SUDFWLFH� DQG� WKH� GLIIHUHQFHV� LGHQWLILHG� EHWZHHQ� WKH� SUHVFULEHG�
DQG�DFWXDO�SUDFWLFHV��6HFWLRQ�%�GHVFULEHV�WKH�LQIRUPDO�FKDQJH�



�
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PDQDJHPHQW�SURFHVV� WKDW� UXQV� LQ�SDUDOOHO�ZLWK� WKH� IRUPDO�RQH�
JLYLQJ� GHWDLOV� RI� WKH� VRXUFHV� RI� ,QI5&�� WKH� UHDVRQV� WR�
DFFRPPRGDWH�WKHP�DQG�WKH�FRQVHTXHQFHV�WR�WKH�SURMHFW��

A. Inconsistencies with Prescribed Process Model  
'XULQJ� WKH� DQDO\VLV� RI� WKH� GDWD� IURP� WKH� LQWHUYLHZV��

REVHUYDWLRQV� DQG� DUWLIDFW� DQDO\VLV�� VHYHUDO� GLIIHUHQFHV� ZHUH�
LGHQWLILHG� EHWZHHQ� WKH� SUHVFULEHG� PRGHO� �)LJXUH� ��� DQG� WKH�
DFWXDO� UHTXLUHPHQWV� PDQDJHPHQW� SUDFWLFHV� �)LJXUH� ���� 'DWD�
DQDO\VLV�DOVR�UHYHDOHG�WKDW�WKH�SUHVFULEHG�SURFHVV�ZDV�QRW�IXOO\�
IROORZHG� LQ� WKH� YHQGRU� RUJDQL]DWLRQ�� 7KH� PDLQ� OLIHF\FOH�
DFWLYLWLHV� RI� D� UHTXLUHPHQW�FKDQJH� REVHUYHG� LQ� DFWXDO� SUDFWLFH�
ZHUH��(OLFLWDWLRQ��$QDO\VLV��DQG�1HJRWLDWLRQ���0RGHO�	�'HVLJQ��
'HWDLOHG� 6SHFLILFDWLRQ�� 1HJRWLDWLRQ� DQG� 3ULRULWL]DWLRQ��
,PSOHPHQWDWLRQ�DQG�7HVW�	�)L[�&\FOH���

7KH�50�SURFHVV�PRGHO�SUHVFULEHG�IRU�6\QF�KRZHYHU��GLG�QRW�
FDSWXUH� WKH�FRPSOH[�DQG� LWHUDWLYH�QDWXUH�RI�KRZ�UHTXLUHPHQWV�
ZHUH� DFWXDOO\� PDQDJHG�� 7KH� SUREOHPV� LGHQWLILHG� ZLWK� WKH�
SUHVFULEHG�PRGHO�DUH�GLVFXVVHG�KHUH��
Prescribed model lacks coverage for RM activities:�7KH�:,6�
SURMHFW� PHWKRGRORJ\� LQYROYHG� HYROXWLRQDU\� SURWRW\SLQJ��
3URWRW\SLQJ� ZDV� DOVR� XWLOL]HG� WR� PRGHO�� YHULI\�� YDOLGDWH��
QHJRWLDWH�DQG�SULRULWL]H�UHTXLUHPHQWV�DV�ZHOO�DV�FKDQJHV�GXULQJ�
WKH� SURMHFW�� 8SGDWHG� YHUVLRQV� RI� GHVLJQ� GRFXPHQWV� DQG�
SURWRW\SHV�ZHUH� VKDUHG�ZLWK� WKH� FOLHQW� WR� REWDLQ� WKHLU� RIILFLDO�
DSSURYDO�SULRU�WR�WKH�GHYHORSPHQW�ZRUN��1RQH�RI�WKHVH�DFWLYLWLHV�
ZHUH�FDSWXUHG�LQ�WKH�SUHVFULEHG�PRGHO��)LJXUH�����
Differences in responsibility: 7KH� SDUWLFLSDQW� LQWHUYLHZV� DQG�
RWKHU�SURFHVV�DUWHIDFWV�UHYHDOHG�WKDW�DW�OHDVW�ILYH�LQGLYLGXDOV�IURP�
WZR� GLIIHUHQW� VLWHV� FRQWULEXWHG� WR� HOLFLWDWLRQ� DQG� DQDO\VLV�
DFWLYLWLHV�DV�RSSRVHG� WR� WKH� WZR� UROHV�VKRZQ� LQ� WKH�SUHVFULEHG�
PRGHO�  

2Q� WKH� RWKHU� KDQG�� DFFRUGLQJ� WR� WKH� SUHVFULEHG� PRGHO��
PHPEHUV�RI�ERWK�WKH�GHYHORSPHQW�DQG�PDQDJHPHQW�WHDP�ZHUH�

UHVSRQVLEOH� IRU� FUHDWLQJ� FKDQJH� UHODWHG� GRFXPHQWDWLRQ��
+RZHYHU�� WKH� DQDO\VLV� RI� WKH� 50� GRFXPHQWDWLRQ� DQG� WKH�
LQWHUYLHZ� GDWD� UHYHDOHG� WKDW� ��� RXW� RI� ��� GRFXPHQWV� ZHUH�
SURGXFHG�E\�WKH�TXDOLW\�DVVXUDQFH�GHSDUWPHQW���
Differences in sequence of activities:�5HTXLUHPHQWV�WUDFHDELOLW\�
LV� VKRZQ�DV� WKH� ILIWK�DFWLYLW\� WKDW� VWDUWV� DIWHU� WKH� UHTXLUHPHQWV�
FKDQJH�PDQDJHPHQW��,Q�SUDFWLFH��EDVHG�RQ� WKH�FKDQJH�SURFHVV�
GRFXPHQWDWLRQ��WUDFHDELOLW\�VWDUWHG�RQFH�WKH�LQLWLDO�UHTXLUHPHQWV�
ZHUH�VLJQHG�RII�E\�WKH�FOLHQW�DQG�EDVHOLQHG���

6LPLODUO\��DFFRUGLQJ�WR�WKH�FRQWUDFW��WKH�GHVLJQ�VSHFLILFDWLRQ�
VLJQ�RII� ZDV� WR� EH� DW� WKH� HQG� RI� WKH� UHTXLUHPHQWV� HOLFLWDWLRQ��
+RZHYHU��LQ�UHDOLW\�WKH�DOSKD�UHOHDVH�WHVWLQJ�DQG�IHHGEDFN�ZHUH�
XVHG�IRU�HOLFLWDWLRQ��FODULILFDWLRQ�DQG�PRGLILFDWLRQ���
Prescribed model requires significant project documentation: 
'HVLJQ�GRFXPHQWV�ZHUH�FROODERUDWLYHO\�GHYHORSHG�E\�WKH�FOLHQW�
DQG� WKH� YHQGRU� GXULQJ� HOLFLWDWLRQ� DQG� DQDO\VLV� DFWLYLWLHV��$V� D�
SUHVFULEHG� FRPSDQ\� SUDFWLFH�� FKDQJHV� SURSRVHG� GXULQJ�
HOLFLWDWLRQ� DQG� DQDO\VLV� VKRXOG� EH� UHIOHFWHG� LQ� WKH� GHVLJQ�
VSHFLILFDWLRQ� GRFXPHQWV�� +RZHYHU�� VL[� RXW� RI� WKH� HLJKW�
SDUWLFLSDQWV� UHSRUWHG� WKDW� WKH\� GLG� QRW� KDYH� HQRXJK� WLPH� WR�
XSGDWH�WKH�GHVLJQ�GRFXPHQWV�ZLWK�DOO�WKH�FKDQJHV��)XUWKHUPRUH��
DFFRUGLQJ� WR� WKH� SUHVFULEHG� SUDFWLFH� FKDQJHV� LQ� WKH� GHVLJQ�
VSHFLILFDWLRQ�GRFXPHQWV�ZHUH�WR�EH�IRUPDOO\�PDQDJHG�WKURXJK�D�
7DLORULQJ� 5HTXHVW� 7HPSODWH� �757��� +RZHYHU� PRVW� RI� WKH�
FKDQJHV� PDGH� WR� WKH� GHVLJQ� GRFXPHQWV� ZHUH� QRW� IRUPDOO\�
DSSURYHG��UHFRUGHG�RU�PDQDJHG�WKURXJK�WKH�757V��

7KH�SUHVFULEHG�50�SROLF\�UHTXLUHG�DOO�IXQFWLRQDO�DQG�QRQ�
IXQFWLRQDO� UHTXLUHPHQWV� WR� EH� UHFRUGHG� LQ� WKH� 50�ZRUNERRN�
KRZHYHU�RQO\�QLQHW\�ILYH�UHTXLUHPHQWV��HVWLPDWHG�WR�EH�����RI�
WKH� WRWDO�� ZHUH� QRWHG� LQ� WKH� 50� ZRUNERRN�� ,W� UHVXOWHG� LQ� D�
GLVFRQQHFW� EHWZHHQ� WKH� 50� ZRUNERRN�� WKH� LQLWLDO� KLJK� OHYHO�
UHTXLUHPHQWV�DQG�WKH�GHWDLOHG�GHVLJQ�VSHFLILFDWLRQV��
Prescribed CM process lacks support for informal changes: 
$FFRUGLQJ� WR� WKH� SUHVFULEHG� PRGHO� �)LJXUH� ���� FKDQJHV� LQ�
UHTXLUHPHQWV�FRXOG�RQO\�EH�PDQDJHG�DIWHU�UHTXLUHPHQWV�VLJQ�RII��
+RZHYHU� VLJQLILFDQW� FKDQJHV� ZHUH� PDGH� WR� WKH� SURMHFW�
UHTXLUHPHQWV�IURP�WKH�WLPH�RI�WKH�FRQWUDFW�DZDUG�WR�WKH�DFWXDO�
UHTXLUHPHQWV� VLJQ� RII�� ,Q� D� SURFXUHPHQW� PRGHO� RI� VRIWZDUH�
GHYHORSPHQW�� ZKHUH� RQO\� KLJK� OHYHO� UHTXLUHPHQWV� DUH�
LQFRUSRUDWHG�LQ�FRQWUDFWXDO�GRFXPHQWV��D�QDWXUDO�SURFHVV�RI�MRLQW�
UHTXLUHPHQWV� XQGHUVWDQGLQJ� DQG� HYROXWLRQ� IROORZV�� ,W� OHDGV� WR�
PRGLILFDWLRQV� LQ� H[LVWLQJ� UHTXLUHPHQWV� DQG� VFRSH�� ,Q� RXU� FDVH�
VWXG\� PDQ\� RI� WKHVH� FKDQJHV� ZHUH� LQIRUPDOO\� UHTXHVWHG� DQG�
DFFRPPRGDWHG� LQWR� WKH� H[LVWLQJ� VFRSH�D��ZLWKRXW�PDLQWDLQLQJ�
DQ\�UHFRUG�RI�VXFK�FKDQJHV�DQG�E��ZLWKRXW�LQYRNLQJ�WKH�IRUPDO�
FKDQJH�PDQDJHPHQW�SURFHVV���
,Q� FDVH� RI� LQIRUPDO� FKDQJH� DFFRPPRGDWLRQV�� QR� GRFXPHQWV�
�VXFK�DV�FKDQJH� UHTXHVW� IRUPV��ZHUH�SURGXFHG��6LPLODUO\�� WKH�
FOLHQW� ZDV� QRW� ELOOHG� IRU� WKH� DGGLWLRQDO� HIIRUW� UHTXLUHG� IRU�
LPSOHPHQWLQJ�VXFK�FKDQJHV�� ,Q�VXFK�FDVHV� WKH�DFWXDO�SUDFWLFH�
GLIIHUHG�IURP�WKH�SUHVFULEHG�SUDFWLFH�ZKLFK�ZDV�QRW�FDSWXUHG�E\�
WKH�SUHVFULEHG�PRGHO��)LJXUH����� 

B. Informal Requirements Change – A Reality in the WIS 
Project 
$� NH\� ILQGLQJ� IURP� RXU� DQDO\VLV� RI� WKH� DFWXDO� FKDQJH�

PDQDJHPHQW�SURFHVV�LV�WKH�HPHUJHQFH�RI�Informal Requirements�
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Change �,QI5&���7KH�SUDFWLFHV�WR�LPSOHPHQW�DQG�PDQDJH�,QI5&�
HPHUJHG� ZKHQ� SDUWLFLSDQW� LQWHUYLHZ� GDWD�� WKH� SUHVFULEHG� 50�
PRGHO�DQG�FKDQJH�UHODWHG�DUWHIDFWV�ZHUH�DQDO\VHG��7KH�DQDO\VLV�
KHOSHG�LQ�DVFHUWDLQLQJ�WKH�DFWXDO�FKDQJH�PDQDJHPHQW�SUDFWLFHV�
DQG�LGHQWLI\LQJ�DQ\�GLVFUHSDQFLHV�IURP�WKH�SUHVFULEHG�SURFHVV��
7KLV� LQIRUPDWLRQ�ZDV�PDSSHG�RXW� DQG�FRGLILHG� WR�HPSLULFDOO\�
FRQVWUXFW�WKH�‘Change Management Process Model’ (CMMiP)�
LQ�SUDFWLFH�VKRZQ�LQ�)LJXUH�����
7KH�PRGHO� LQ� )LJXUH� �� GHSLFWV� LQIRUPDO� UHTXLUHPHQWV� FKDQJH�
PDQDJHPHQW�DFWLYLWLHV�ZLWKLQ�WKH� WZR�FORXGHG�UHJLRQV��2Q�WKH�
ULJKW�KDQG�VLGH�RI�WKH�PDLQ�OLIHF\FOH�DFWLYLWLHV��LQIRUPDO�FKDQJH�
DFWLYLWLHV�DUH�GHSLFWHG��LQ�WKH�FORXGHG�UHJLRQ���7KHVH�DFWLYLWLHV�
WDNH�SODFH�SULRU�WR�WKH�GHVLJQ�VSHFLILFDWLRQ�GRFXPHQW�VLJQRII��,I�
WKH� FKDQJH� LV� DFFRPPRGDWHG� E\� WKH� YHQGRU� LW� UHWXUQV� WR� WKH�
UHTXLUHPHQWV�OLIHF\FOH�DFWLYLWLHV�FLUFOH�RWKHUZLVH�LW�XQGHUJRHV�D�
QHJRWLDWLRQ� F\FOH� EHIRUH� EHLQJ� UHSULRULWL]HG� RU� GHIHUUHG� E\�
DJUHHPHQW�� 2Q� WKH� OHIW� KDQG� VLGH� RI� PDLQ� OLIHF\FOH� DFWLYLWLHV�
DJDLQ� VKRZ� WKH� DFWLYLWLHV� IRU� DFFRPPRGDWLQJ� FKDQJH� DV�
SUHYLRXVO\�QRWHG��LQ�WKH�FORXGHG�UHJLRQ���6LQFH�PDQ\�FRQWUDFWXDO�
UHTXLUHPHQWV� XSRQ� HODERUDWLRQ� EHFDPH� FKDQJHV�� WKH\� SDVVHG�
WKURXJK�WKH�LQIRUPDO�DFWLYLWLHV¶�FORXG��WRS�ULJKW�RI�)LJXUH�����

&KDQJHV�LQ�UHTXLUHPHQWV�FRQWLQXHG�IURP�HOLFLWDWLRQ�WKURXJK�
WR�LPSOHPHQWDWLRQ�DQG�GHSOR\PHQW��$FFRUGLQJO\��WKH�GHFLVLRQV�
WR� WUHDW� FKDQJHV� LQ� FRQWUDFWXDO� UHTXLUHPHQWV� IRUPDOO\� RU�

LQIRUPDOO\� ZHUH� DOVR� WDNHQ� WKURXJKRXW� WKH� SURMHFW� OLIHF\FOH��
7KHUHIRUH�� HYHQ� VRPH�RI� WKH� FKDQJHV� LGHQWLILHG�GXULQJ� WHVWLQJ�
DQG� UHOHDVH� ZHQW� WKURXJK� WKH� LQIRUPDO� FKDQJH� PDQDJHPHQW�
DFWLYLWLHV��ERWWRP�OHIW�FORXGHG�UHJLRQ�RI�)LJXUH������

)URP� WKH� YHQGRU¶V� SHUVSHFWLYH�� FKDQJHV� LQ� UHTXLUHPHQWV�
LGHQWLILHG�ZKLFK� WKH�YHQGRU�FRQVLGHUHG�DV�RXW�RI� �FRQWUDFWXDO��
VFRSH�� KDG� WR� EH� QHJRWLDWHG� ZLWK� WKH� FOLHQW�� 7KLV� QHJRWLDWLRQ�
UHVXOWHG�LQ�D�GHFLVLRQ�WR�HLWKHU�LQFOXGH�RU�H[FOXGH�WKH�FKDQJH�LQ�
UHTXLUHPHQW�LQ�WKH�H[LVWLQJ�VFRSH��7R�SURFHHG�ZLWK�WKH�FRQWUDFW��
WKH�FKRLFHV�DYDLODEOH�IRU�WKH�YHQGRU�ZHUH�HLWKHU�WR�JHW�WKH�FOLHQW¶V�
DSSURYDO� WR� UHSULRULWL]H� UHTXLUHPHQWV�� FRQYLQFH� WKH� FOLHQW� WR�
DGMXVW�WKH�H[LVWLQJ�FRVW�DQG�SURMHFW�VFKHGXOH�RU�EHDU�WKH�FRVW�RI�
WKHVH�FKDQJHV��,Q�VRPH�FDVHV��WKH�YHQGRU�DJUHHG�WR�DFFRPPRGDWH�
VXFK�FKDQJH�UHTXHVWV��ZKLFK�WKH\�FRQVLGHUHG�RXWVLGH�WKH�LQLWLDOO\�
DJUHHG� FRQWUDFWXDO� SURMHFW� VFRSH�� 6XFK� DFFRPPRGDWLRQV� RI�
FKDQJHV� LQ� UHTXLUHPHQWV� ZHUH� WUHDWHG� LQIRUPDOO\� DQG� ZHUH�
FDUULHG�RXW�ZLWKRXW�FKDUJLQJ� WKH�FOLHQW�RU� LQYRNLQJ� WKH� IRUPDO�
FKDQJH� PDQDJHPHQW� SURFHVV�� $FFRUGLQJ� WR� WKH� GHYHORSPHQW�
PDQDJHU�QRQH�RI�WKH�FKDQJHV�LGHQWLILHG�GXULQJ�HOLFLWDWLRQ��GHVLJQ�
DQG�VSHFLILFDWLRQ�SHULRG�ZHUH�FRQVLGHUHG�IRUPDO��KH�VWDWHG��

“Changes that come during the requirements or design 
phase are not considered ‘changes’, they are better 
understandings of (the same) requirements. That is why we 



do not put those changes into our formal change 
management process”  

6LPLODUO\��FKDQJHV� LQ� UHTXLUHPHQWV� UHTXHVWHG�E\� WKH�SUR[\�
FOLHQW��&(2�RI� WKH�YHQGRU�FRPSDQ\��ZHUH�KDQGOHG� LQIRUPDOO\�
DQG� LPSOHPHQWHG� ZLWKRXW� �RIILFLDOO\�� DGGLQJ� H[WUD� WLPH� DQG�
HIIRUW�WR�WKH�H[LVWLQJ�SURMHFW�SODQ���

C. Sources of Informal Requirements Change (InfRC) 
6HYHUDO�VRXUFHV�RI�,QI5&V�ZHUH�LGHQWLILHG�LQ�WKLV�FDVH�VWXG\��

:H�DOVR�REVHUYHG�DQ�LPEDODQFH�RI�SRZHU�UHODWLRQVKLS�EHWZHHQ�
WKH�GHYHORSPHQW�WHDP�DQG�WKH�SUR[\�FOLHQW��DV�GLVFXVVHG�EHORZ��
Imbalance of power relationship between the development 
team and the proxy client. 2QH� RI� WKH� PDLQ� UHDVRQV� IRU� WKH�
SURMHFW�JRLQJ� WKURXJK�PDQ\� LQIRUPDO�FKDQJH� LPSOHPHQWDWLRQV�
ZDV� WKH� UROH� RI� WKH� SUR[\� FOLHQW�� 7KHUH� ZDV� DQ� DV\PPHWULFDO�
SRZHU� EDODQFH�EHWZHHQ� WKH�SUR[\� FOLHQW� DQG� WKH�GHYHORSPHQW�
WHDP�>��@��+DYLQJ�WKH�GRPDLQ�NQRZOHGJH�DQG�IDPLOLDULW\�ZLWK�
WKH�FOLHQW¶V�FXOWXUH�DQG�ODQJXDJH�HDUQHG�WKH�SUR[\�FOLHQW�UHVSHFW�
DQG�JDYH�KLP�D�VHQVH�RI�SRZHU�RYHU�WKH�PHPEHUV�RI�WKH�RIIVKRUH�
GHYHORSPHQW�WHDP��7KH�GHYHORSPHQW�WHDP�PHPEHUV�RIWHQ�UHOLHG�
RQ�KLV�GRPDLQ�NQRZOHGJH��GLVFHUQPHQW�DQG�FRPSUHKHQVLRQ�IRU�
YHULILFDWLRQ�DQG�FODULILFDWLRQ�SXUSRVHV�RI�WKHLU�XQGHUVWDQGLQJ�RI�
UHTXLUHPHQWV��

7KH�SRVLWLRQ�RI�WKH�SUR[\�FOLHQW�DV�D�&(2�RI�WKH�FRPSDQ\�
DIIRUGHG�KLP�WKH�DGYDQWDJH�RI�VXJJHVWLQJ�DQG�KDYLQJ�LQIRUPDO�
UHTXLUHPHQWV� LPSOHPHQWHG�� 7KH� SRZHU� GLIIHUHQFH� PDGH� LW�
GLIILFXOW� IRU� WKH�GHYHORSPHQW� WHDP�PHPEHUV�WR�VD\�µQR¶�WR�KLV�
LQIRUPDO�FKDQJH�UHTXHVWV��2QH�RI�WKH�PDQDJHUV�GLVFXVVHG�KRZ�
WKHVH�LQIRUPDO�UHTXLUHPHQWV�NHSW�FRPLQJ�LQ�DQG�JHWWLQJ�FKDQJHG�
E\�WKH�SUR[\�FOLHQW�DOPRVW�RQ�D�GDLO\�EDVLV��

“The proxy client says that we would build graphs to 
present the data, and the next day we are told to create a 
certain type of graph and the following day the proxy client 
would say no develop a 3D graph. So almost every second 
or third day the requirements are changed.” 

+H�FRQWLQXHG�WR�H[SODLQ�WKDW�VXFK�IUHTXHQW�LQIRUPDO�FKDQJHV�
ZHUH�QRW�HYHQ�FRQVLGHUHG�FKDQJHV�E\�WKH�SUR[\�FOLHQW���

“He [proxy client] does not even consider those as 
requirements change…he says there is no harm in tweaking 
the UI.” 

7KH�LPSOHPHQWDWLRQ�RI�WKHVH�LQIRUPDO�FKDQJH�UHTXHVWV��LQ�D�
µWLPHO\¶�PDQQHU��ZDV� DOVR� D� FDXVH� RI� FRQWHQWLRQ� EHWZHHQ� WKH�
GHYHORSPHQW�WHDP�DQG�WKH�SUR[\�FOLHQW��2IWHQ�WKH�SUR[\�FOLHQW�
ZRXOG�DUJXH�ZLWK�WKH�WHDP�PHPEHUV�DQG�DVN�ZK\�³WKLV�VRUW�RI�
VPDOO�FKDQJH�KDV�QRW�EHHQ�GRQH�LQ�WZR�ZHHNV"´��
Changes with low implementation effort: $QRWKHU� VRXUFH� RI�
LQIRUPDO�FKDQJHV�ZDV�WKH�PRGLILFDWLRQV�WR�WKH�UHTXLUHPHQWV�WKDW�
UHTXLUHG�ORZ�LPSOHPHQWDWLRQ�HIIRUW��7KHVH�FKDQJHV�ZHUH�RIWHQ�
LGHQWLILHG�GXULQJ�HOLFLWDWLRQ�DQG�GHVLJQ�SKDVH�EXW�KDG�D�µPLQRU¶�
LPSDFW� RQ� FRVW� DQG� VFKHGXOH�� 7KHVH� ZHUH� QRW� FRQVLGHUHG� DV�
IRUPDO�FKDQJHV�E\�WKH�YHQGRU�DQG�KHQFH�ZHUH�WUHDWHG�LQIRUPDOO\�
RIWHQ� E\SDVVLQJ� WKH� FRPSOH[LWLHV� RU� UHJXODWLRQV� RI� WKH� IRUPDO�
FKDQJH�PDQDJHPHQW� SURFHVV� WKDW� UHTXLUHG� LQYROYLQJ� WKH�&&%�
DQG� JHWWLQJ� FKDQJH� UHTXHVW� DSSURYDOV��� 7KH� GHYHORSPHQW�

PDQDJHU�UHSRUWHG�WKDW�VXFK�FKDQJHV�ZHUH�DFFRPPRGDWHG�ZLWKLQ�
WKH�H[LVWLQJ�VFRSH�RI�WKH�SURMHFW�ZLWKRXW�FKDUJLQJ�WKH�FOLHQW��

“We (the client and the vendor) have some initial 
understanding of the requirements scope and budget. If we 
see that there is a small change /difference [in scope] which 
is absorbable by the initially proposed budget to the client 
then we implement the change on our end with no additional 
cost to the client”. 

,I� WKH� FKDQJH� GHPDQGHG� D� VLJQLILFDQW� HIIRUW� EDVHG� RQ� DQ�
LQIRUPDO�HYDOXDWLRQ��LW�ZDV�UHQHJRWLDWHG�ZLWK�WKH�FOLHQW�

“If we see that it is going outrageous and we need much 
more effort and resources then we let the customer know… 
it then becomes a business decision which takes its own 
[formal or informal] path.” 

Requirements with subjective nature:� 7KH� SURMHFW� LQYROYHG�
GHYHORSPHQW� RI� D� ZHE� LQWHUIDFH� ZLWK� EHWWHU� SUHVHQWDWLRQ� DQG�
LPSURYHG�XVHU�H[SHULHQFH��8;���7KH�H[DFW�GHILQLWLRQ�RI�WKH�8;�
UHPDLQHG� HOXVLYH� DV� LW� ZDV� QRW� FOHDUO\� GHILQHG�� *LYHQ� WKH�
VXEMHFWLYH�QDWXUH�RI�WKH�GHVLUHG�8;�RIWHQ�PDQ\�UHTXLUHPHQWV�LQ�
WKH� VWXGLHG� FDVH� KDG� WR� EH ‘LQYHQWHG¶�� 2QH� RI� WKH� VRIWZDUH�
GHYHORSHUV�H[SODLQHG��

“The project we have is more of a product than a project in 
which we have to innovate the requirements. The customer 
has simply given us the data that we need to present it in a 
useful, appealing and better way.” 

7KH� FRQFHSWLRQ�� IRUPXODWLRQ� DQG� GLVFRYHU\� RI� WKH� KLGGHQ�
XVHU�QHHGV�FDPH�WKURXJK�LQYHQWLQJ�QHZ�SURGXFW�IHDWXUHV�XVLQJ�
LQQRYDWLYH�WHFKQLFDO�VROXWLRQV��

D. Reasons to Accommodate Informal Change Requests 
,Q�WKH�FDVH�RI�LQIRUPDO�FKDQJH��WKH�FRVW�RI�LPSOHPHQWDWLRQ�

ZDV�QRW�FKDUJHG�WR�WKH�FOLHQW��7KH�GHYHORSPHQW�WHDP�PHPEHUV�
SURYLGHG�YDULRXV�UHDVRQV�IRU�DFFRPPRGDWLQJ�LQIRUPDO�FKDQJHV�
DQG�PDQDJLQJ�WKHP�LQIRUPDOO\���
Low Implementation Effort��,I�WKH�WHDP�PHPEHUV�SHUFHLYHG�WKH�
FKDQJH� WR� EH� LPSOHPHQWHG� UHTXLUHG� µORZ¶� HIIRUW� �XS� WR� ILYH�
KRXUV��LW�ZDV�DFFRPPRGDWHG�ZLWKRXW�FKDUJLQJ�WKH�FOLHQW��

“So if it is one to four hours’ work, we tend to accommodate 
it.” 

UI Changes��8,�FKDQJHV�ZHUH�FRQVLGHUHG�µORZ¶�HIIRUW�DQG�ZHUH�
LPSOHPHQWHG�ZLWKRXW�LQYRNLQJ�DQ\�IRUPDO�SURFHVV��

“The changes which come within UI, we do not consider 
them changes at all… the changes to the workflow are a part 
of the change management process.” 

Business Relationship & Goodwill��&KDQJH�UHTXHVWV�PDGH�E\�
WKH� FOLHQW� �FRQVLGHUHG� ORZ� LQ� LPSDFW��� HVSHFLDOO\� GXULQJ�
HOLFLWDWLRQ�DQG�GHVLJQ�SKDVHV�ZHUH�RIWHQ� LPSOHPHQWHG�ZLWKRXW�
DQ\�FRVW� WR� WKH�FOLHQW��7KLV�ZDV�PHDQW�WR�HVWDEOLVK�JRRG�FOLHQW�
UHODWLRQVKLS�DQG�WR�UHWDLQ�WKH�FOLHQW��

“The owner of the company who is directly dealing with the 
client, takes that decision [to accommodate 
change]…obviously it is based on the client relationship”  



“to facilitate the customer…to create some goodwill… 
[and] yes to retain the client.” 

Nature of the Client��&KDQJHV�ZHUH�DOVR�DFFRPPRGDWHG�LI�WKH�
FOLHQW�ZDV�SHUFHLYHG�WR�EH�µVWXEERUQ¶��

“It [the response] also depends on the client, you know 
some clients are good they quickly understand [the impact 
and effort] and tell you that they will pay for that. Others 
are a bit stubborn so you have to accommodate them.”  

Peer Pressure & Internal Threshold to Save Documentation 
Effort�� 7KH� YHQGRU¶V� RIIVKRUH� WHDP� ZDV� DOVR� IDFHG� ZLWK� DQ�
LPSOLFLW�LQWHUQDO�WKUHVKROG�DERXW�ZKHQ�WR�XVH�D�FKDQJH�UHTXHVW�
IRUP�� 7KH� GHYHORSPHQW� WHDP� PHPEHUV� ZHUH� µHQFRXUDJHG¶� WR�
VLPSO\� FDUU\RXW� µVPDOO¶� GHYHORSPHQW� WDVNV� WKDW� LQYROYHG� D�
GHYHORSPHQW�HIIRUW�RI�IRXU�WR�ILYH�KRXUV���

“For minor work we make the CRF but we don’t bill it. … 
If the change is just a four hours’ work, we do not bother 
sending a CRF to the client… sometimes we are 
[informally] told to just implement it.” 

“See first there has to be a consensus from our CCB 
members, to see if it really is a change [worth going through 
the process of CRF].” 

E. Implications of Informal Requirements Change 
Management  

6HYHUDO� LPSOLFDWLRQV� RI� LQIRUPDOO\�PDQDJLQJ� UHTXLUHPHQWV�
FKDQJHV� ZHUH� LGHQWLILHG� LQ� WKH� VWXGLHG� SURMHFW�� 7KHVH�
LPSOLFDWLRQV� LQFOXGHG�� DGGHG� SUHVVXUH� RQ� WKH� WHDP� WR� PHHW�
GHDGOLQHV�� H[WUD� WLPH� DQG� �XQFRPSHQVDWHG�� HIIRUW�� GHOD\� LQ�
UHOHDVH�GDWHV��PLVXQGHUVWDQGLQJ�DQG�FRQIOLFWV� DPRQJ� WKH� WHDP�
PHPEHUV��SUREOHPV�LQ�FKDQJH�XQGHUVWDQGLQJ��FRQIXVLRQ�GXULQJ�
WHVWLQJ�DQG�ODFN�RI�UHTXLUHPHQWV�WUDFHDELOLW\��

&RQWLQXHG�DFFRPPRGDWLRQ�RI�LQIRUPDO�FKDQJH�UHTXHVWV�IURP�
WKH�FOLHQW�ZHUH�SRUWUD\HG�DV�D�EXVLQHVV�VWUDWHJ\��D�UHODWLRQVKLS�
EXLOGLQJ� DFWLYLW\� DQG� DQ� LQWHUQDO� PHFKDQLVP� IRU� HIILFLHQF\��
6LPLODUO\��,QI5&V�UHFHLYHG�IURP�WKH�SUR[\�FOLHQW�ZHUH�KDUG�WR�
UHIXVH�IRU�WKH�GHYHORSPHQW�WHDP���
Added pressure on the team�� WKH� DGGHG� LPSDFW� RI� HYHQ� µORZ�
HIIRUW¶�FKDQJH�UHTXHVWV�SXW�SUHVVXUH�RQ�WKH�GHYHORSPHQW�WHDP��

“Yes these [informal] changes put pressure on the team 
especially when they come at the tail end of the project”.  

Delivery date delays��WKH�UHTXLUHG�H[WUD�HIIRUW�RIWHQ�FRQWULEXWHG�
WR�GHOD\V�LQ�GHOLYHU\��

“We have to put in the extra time … if the change was of 
twelve hours and the client asked us to it in six 6 hours, and 
we agreed, then obviously the delivery deadlines are 
extended”.  

Miscommunication, misunderstanding and conflicts:�KDQGOLQJ�
LQIRUPDO� FKDQJHV� DOVR� FRQWULEXWHG� WR� WHDP� LVVXHV� LQFOXGLQJ�
PLVFRPPXQLFDWLRQ��PLVXQGHUVWDQGLQJV�DQG�FRQIOLFWV��

“The first and foremost problem is that we don’t know that 
a change has arrived. The proxy client discusses and decides a 
change with the development manager who (casually and 

temporarily) writes it down on Notepad. When the developer 
comes next day he is asked to implement that change. The 
change gets implemented and the QA department is not even 
aware of that change.”  

Traceability related challenges��2XU�DUWLIDFW�DQDO\VLV�UHYHDOHG�
WKDW�� IRU� LQIRUPDO�FKDQJH�UHTXHVWV��RIWHQ�FKDQJHV�ZHUH�FDUULHG�
RXW�LQ�WKH�FRGH�LWVHOI��EXW�GHVLJQ�VSHFLILFDWLRQV��XVH�FDVHV�DQG�WHVW�
FDVHV�ZHUH�QRW�XSGDWHG��7KLV�SUDFWLFH�UHVXOWHG� LQ�EUHDNLQJ� WKH�
WUDFHDELOLW\� OLQNV�EHWZHHQ� WKH�DIRUHPHQWLRQHG�DUWHIDFWV�� ,Q� WKH�
LQWHUYLHZV�� WKH�TXDOLW\�DVVXUDQFH�GHSDUWPHQW�DOVR�VSRNH�RI� WKH�
ODFN�RI�WUDFHDELOLW\���

7KH�4$�0DQDJHU�QRWHG�WKDW�WKH�FRQVWDQW�LQIOX[�RI�LQIRUPDO�
FKDQJHV�� HVSHFLDOO\� UHODWHG� WR� XVHU� LQWHUIDFH�� SUHYHQWHG� WKH�
DSSURSULDWH�WUDFHDELOLW\�PDWUL[�XSGDWHV��

“We do not or cannot develop or maintain a traceability 
matrix because we get bombarded with many 
requirement…generally if it is UI change, the traceability 
coverage is limited.”  

Testing related challenges�� 7HVWLQJ� LQIRUPDO� FKDQJH�
LPSOHPHQWDWLRQ�ZDV�TXLWH�FKDOOHQJLQJ�LQ�WKH�DEVHQFH�RI�FULWLFDO�
LQIRUPDWLRQ�VXFK�DV�ZKDW�DQG�ZKHUH�WKH�FKDQJHV�ZHUH�PDGH���

The tester gets to know about the change only when he looks 
at the actual screen itself and goes like ‘why is this screen 
appearing or behaving different?’ Then he realizes that the 
screen was changed as a result of the last night’s meeting.”  

'XH�WR�ODFN�RI�WUDFHDELOLW\��WKH�WHVWLQJ�WHDP�ZDV�RIWHQ�XQDZDUH�
RI� WKH� LQIRUPDO� UHTXLUHPHQW� FKDQJHV�� $V� SHU� SDUWLFLSDQW�
LQWHUYLHZV��WKHVH�FKDQJHV��WKHUHIRUH��ZHUH�RIWHQ�UHSRUWHG�DV�EXJV�
GXULQJ� WHVWLQJ�� 7KLV� QRW� RQO\� FDXVHG� WHQVLRQV� EHWZHHQ� WKH�
GHYHORSPHQW� DQG� WHVWLQJ� WHDP� PHPEHUV�� LW� DOVR� UHTXLUHG�
VLJQLILFDQW�DPRXQW�RI�FRRUGLQDWLRQ�RYHUKHDG�DQG�WHVWLQJ�UHZRUN�
WR�UHVROYH�WKHVH�LVVXHV���

9,��',6&866,21��
,Q� WKLV� VHFWLRQ� ZH� GLVFXVV� WKH� LQHYLWDELOLW\� RI� ,QI5&�� WKH�

UHODWLYHO\� OLPLWHG� FRYHUDJH� RI� ,QI5&� LQ� WKH� OLWHUDWXUH�� ZK\�
,QI5&�DSSHDUV�WR�EH�D�SHUYDVLYH�SKHQRPHQRQ��ZK\�GHYHORSHUV�
DFFRPPRGDWH� ,QI5&�DQG� WKH� LPSOLFDWLRQV� IRU� UHVHDUFKHUV�DQG�
SUDFWLWLRQHUV���

A. Inevitability of InfRC 
3URMHFW�UHTXLUHPHQWV�PD\�QHYHU�EH�FRPSOHWH��LQ�IDFW�VRPHWLPHV�
WKH\� DUH� SXUSRVHIXOO\� OHIW� LQFRPSOHWH��ZKLFK� OHDYHV� URRP� IRU�
PXOWLSOH� LQWHUSUHWDWLRQV� DQG� FKDQJH� >��@�� $Q� HIIHFWLYH� 5(�
SURFHVV�PXVW�GHDO�ZLWK�VLWXDWLRQV�ZKHUH�IRUPDOL]HG�GHVFULSWLRQ�
RI�ERWK�IXQFWLRQDO�DQG�QRQIXQFWLRQDO�UHTXLUHPHQWV�PD\�QRW�EH�
DYDLODEOH� >��@�� ,Q� VRIWZDUH� SURFXUHPHQW� DQG� GHYHORSPHQW�
SURMHFWV�³RSHQ�WDUJHW�UHTXLUHPHQWV´�DUH�UHFRPPHQGHG�VLQFH�LW�
LV�KDUG�WR�VSHFLI\�UHTXLUHPHQWV�LQ�GHWDLO�XSIURQW�>��@�� ,Q�VXFK�
FRQWH[W�WKH�FXVWRPHUV�VSHFLI\�WKHLU�GHPDQGV�DQG�H[SHFWDWLRQV�
DQG�WKH�YHQGRU�UHVSRQGV�ZLWK�KRZ�WKH\�FDQ�PHHW�WKH�GHPDQGV��
$JDLQ�� WKLV� DSSURDFK� OHDYHV� SOHQW\� RI� URRP� IRU� UHTXLUHPHQWV�
HODERUDWLRQ� DQG� FKDQJH�� VRPH� RI� ZKLFK� PD\� HQG� XS� EHLQJ�
LQIRUPDO�FKDQJH�UHTXHVWV��$V�:LHJHUV�VWDWHV�>�@��LPSOHPHQWLQJ�
UHTXLUHPHQWV�FKDQJH�LV�QRW�IUHH��7KH�UHFRPPHQGHG�VWUDWHJ\�WR�



FRSH� ZLWK� �WKH� µIRUFHG¶� DQG� XQZDQWHG�� LQIRUPDO� FKDQJHV�
DFFRUGLQJ� WR�:HLQEHUJ� >��@�� LV� WR� VD\� µQR¶�� +RZHYHU�� LQ� WKH�
VWXGLHG�FDVH�WKH�SRZHUIXO�UROH�RI�WKH�SUR[\�FOLHQW�GLG�QRW�DOORZ�
WKH�GHYHORSPHQW�WHDP�PHPEHUV�WR�KDYH�WKH�RSWLRQ�WR�VD\�µ1R¶���

$OWKRXJK� D� IRUPDO� &00,�EDVHG� FKDQJH� PDQDJHPHQW�
SURFHVV�ZDV�LQ�SODFH��LQIRUPDO�FKDQJHV�UHTXHVWHG�E\�WKH�SUR[\�
FOLHQW� E\SDVVHG� WKLV� SURFHVV�� )XUWKHUPRUH�� WKHVH� LQIRUPDO�
FKDQJHV�ZHUH� LPSOHPHQWHG� ZLWKLQ� WKH� VDPH� WLPH� DQG� VFRSH��
7KLV� VFRSH� FUHHS� FRXOG� KDYH� UHVXOWHG� LQ� PDQ\� XQZDQWHG�
RXWFRPHV�RI�EORZQ�RXW�SURMHFW�FRVW�DQG�PLVVHG�GHDGOLQHV��7KH�
SURMHFW�KRZHYHU�ZDV�NHSW�RQ�FRXUVH�IRU�DQ�RQ�WLPH�GHOLYHU\�DW�
WKH�H[SHQVH�RI�WKH�GHYHORSPHQW�WHDP¶V�XQUHZDUGHG�H[WUD�ZRUN��
)HDULQJ�DGPRQLVKPHQW�E\�WKH�SUR[\�FOLHQW�RU�HYHQ�ZRUVH��ORVLQJ�
WKHLU�MREV��WKH�WHDP�PHPEHUV�GLG�QRW�VD\�µQR¶�WR�WKHVH�LQIRUPDO�
UHTXLUHPHQWV��7KLV�FRXOG�DOVR�KDYH�EHHQ�EHFDXVH�³SHRSOH�GRQH�
OLNH� WR�VD\� µQR¶�³�DQG�GHYHORSPHQW� WHDPV�FDQ� UHFHLYH� LQWHQVH�
SUHVVXUH�WR�DOZD\V�VD\�³\HV´�DV�QRWHG�LQ�>�@���

,Q� WKH� VWXGLHG� FDVH�� PRVW� RI� WKH� LQIRUPDO� FKDQJHV� LQ�
UHTXLUHPHQWV� UHTXHVWHG� E\� WKH� SUR[\� FOLHQW� ZHUH� WUHDWHG� DV�
µHPHUJHQF\� IL[HV¶� ZKLFK� KDG� WR� EH� FDUULHG� RXW� LPPHGLDWHO\��
7KLV�PHDQW�WKDW�DOPRVW�DOO�IRUPDO�FKDQJH�PDQDJHPHQW�VWHSV�KDG�
WR� EH� E\SDVVHG�� +DUMDQL� DQG� 4XHLOOH� >��@� FRQVLGHU� FKDQJH�
UHTXHVWV� WKDW� E\SDVV� FHUWDLQ� IRUPDO� VWHSV� DV� variants� RI� WKH�
IRUPDO�RU�LQVWDQWLDWHG�SURFHVV��7KHVH�IL[HV�KRZHYHU�DUH�XVHG�WR�
SUHYHQW� D� GLVDVWHU� RU� WR� PRGLI\� VRIWZDUH� XUJHQWO\�� 7LPH�
FRQVWUDLQWV� RQ� WKHVH� FKDQJHV� PDNH� WKHP� LQFRPSDWLEOH� IRU� D�
IRUPDO� SURFHVV� RI� PDLQWHQDQFH� KHQFH� D� VKRUW� SURFHGXUH�
EHFRPHV� QHFHVVDU\�� 1RQH� RI� WKHVH� ZHUH� DSSOLFDEOH� IRU� WKH�
LQIRUPDO� FKDQJH� UHTXHVWV� PDGH� E\� WKH� SUR[\� FOLHQW� LQ� WKH�
VWXGLHG�SURMHFW���

'HVFULELQJ�WKH�PLQLPDO�VWHSV�LQYROYHG��+DUMDQL�DQG�4XHLOOH�
UHSRUW� WKDW�� ZKHQ� HPHUJHQF\� FKDQJHV� DUH� GHHPHG� QHFHVVDU\�
�ZKLFK�ZDV�DOPRVW�DOZD\V� WKH�FDVH� LQ� WKLV�FDVH�VWXG\��RQO\�D�
PLQLPDO�VROXWLRQ�DQG�LPSDFW�DQDO\VLV�LV�FDUULHG�RXWGRQH�E\�WKH�
PRVW�H[SHULHQFHG�VWDII�IROORZHG�E\�FKDQJH�LPSOHPHQWDWLRQ�DQG�
WHVWLQJ���

6RPPHUYLOOH� >��@�� VXJJHVWV� WKDW� LPSOHPHQWLQJ� FKDQJHV�
TXLFNO\�DQG�GLUHFWO\�LQWR�WKH�V\VWHP�ZLWKRXW�IROORZLQJ�D�IRUPDO�
FKDQJH�PDQDJHPHQW�SURFHVV�DGYHUVHO\�DIIHFWV�WKH�V\VWHP��6LQFH�
FKDQJHV�DUH�PDGH�GLUHFWO\�WR�SURJUDP�FRGH�ZLWKRXW�PRGLI\LQJ�
WKH� UHTXLUHPHQWV� RU� GHVLJQ�� WKH� GHVLJQ� DQG� FRGH� EHFRPH�
LQFRQVLVWHQW�� )XUWKHUPRUH�� LQ� VLWXDWLRQV� ZKHUH� D� TXLFN� DQG�
ZRUNDEOH� VROXWLRQ� LV� FKRVHQ� LQVWHDG� RI� WKH� EHVW� VROXWLRQ�� LW�
DFFHOHUDWHV� VRIWZDUH� DJHLQJ� >��@�� $V� QRWHG� LQ� VHFWLRQ�9�� QRW�
FRPPXQLFDWLQJ�LQIRUPDO�FKDQJHV�UHVXOWHG�LQ�WUDFHDELOLW\�LVVXHV�
DQG�FRQIXVLRQ�DPRQJ�VWDNHKROGHUV���

6DEDOLDXVNDLWH� HW� DO�� >��@� QRWH� WKDW� ZKHQ� UHTXLUHPHQWV�
HQJLQHHUV�GR�QRW�LQIRUP�GHYHORSHUV�DQG�WHVWHUV�DERXW�FKDQJHV�
LQ�UHTXLUHPHQWV��LW�FUHDWHV�VHYHUDO�FKDOOHQJHV�IRU�WHVWLQJ��7HVWLQJ�
WHDPV�IDFH�H[WUHPH�GLIILFXOWLHV�WR�LGHQWLI\�WKH�ULJKW�SHRSOH�ZKR�
KDYH� FKDQJH� UHODWHG� LQIRUPDWLRQ� RU� GHYHORSHUV� ZKR� KDYH�
LPSOHPHQWHG�WKH�FKDQJHV��6LQFH�FKDQJH�UHODWHG�LQIRUPDWLRQ�LV�
QRW�XSGDWHG�WHVWHUV�DUH�QRW�DZDUH�DERXW�WKH�FKDQJHV�WKDW�KDYH�
RFFXUUHG�� ,W� IXUWKHU� FDXVHV� WUDFHDELOLW\� DQG� UHTXLUHPHQWV�
YHULILFDWLRQ� WR� EH� D� ELJ� LVVXH�� 6LPLODUO\� %MDUQDVRQ� HW� DO��
FROOHDJXHV� >��@� QRWH� WKDW� ODFN� RI� FKDQJH� FRPPXQLFDWLRQ�
EHWZHHQ� UHTXLUHPHQWV� HQJLQHHULQJ� DQG� WHVWHUV� FRQWULEXWH� WR�

ZDVWHG�HIIRUW� DQG� IUXVWUDWLRQ�DV�ZHOO� DV� ODFN�RI�PRWLYDWLRQ� WR�
ZRUN�� )XUWKHUPRUH� LW� RIWHQ� UHVXOWV� LQ� TXDOLW\� LVVXHV� IRU� WKH�
VRIWZDUH� RXWSXW� LQ� WHUPV� RI�PHHWLQJ� FOLHQW� H[SHFWDWLRQV� >��@��
6XUSULVLQJO\��HYHQ�IURP�WKH�FOLHQW�VLGH��VRPH�RI�WKH�IRUPDOL]HG�
DQG�DFFHSWHG�FKDQJHV�ZHUH�LPSOHPHQWHG�ZLWKRXW�DQ\�FRVW�WR�WKH�
FOLHQW��6HH�&5)������DQG�&5)�������)LJXUH�����7KH�SRVVLEOH�
UHDVRQV�FRXOG�EH�DQ\�RI�WKH�SUHYLRXVO\�VWDWHG�UDWLRQDOH�VXFK�DV�
FUHDWLQJ�JRRGZLOO��QDWXUH�WKH�FOLHQW�RU�EXLOGLQJ�UHODWLRQVKLS�DV�D�
EXVLQHVV�VWUDWHJ\�DV�QRWHG�LQ�6HFWLRQ�9��

B. InfRC and Formal Change Models 
7KH�IRFXV�RQ�IRUPDO�5&0�WKDW�LV�SUHYDOHQW�LQ�WKH�OLWHUDWXUH�

>��@� KDV� PHDQW� WKDW� LQIRUPDO� 5&� KDV� UHFHLYHG� YHU\� OLPLWHG�
WUHDWPHQW�� 5HTXLUHPHQWV� FKDQJH� LQ� JHQHUDO� LV� RIWHQ� YLHZHG�
QHJDWLYHO\� >��@�� +DQGOLQJ� RI� LQIRUPDO� FKDQJHV� LV� VLPLODUO\�
YLHZHG�DV�D�QHJDWLYH�DFWLYLW\�LQIDPRXVO\�DVVRFLDWHG�ZLWK�³VFRSH�
FUHHS´�� ³*ROG� SODWLQJ´�� FUHHSLQJ� HOHJDQFH� >��� �@� DQG�
³VNXQNZRUNV�DFWLYLW\´�>�@��$SSURDFKHV�WR�LWV�WUHDWPHQW�WKHUHIRUH�
DSSHDU�WR�KDYH�EHHQ�RYHUORRNHG��DSDUW�IURP�WKH�DJLOH�PRYHPHQW�
DQG�LWV�IRFXV�RQ�SHUPLWWLQJ�DQG�HYHQ�HQFRXUDJLQJ�FKDQJH�>��@��
:KLOH�DJLOH�SURFHVVHV�DGGUHVV�D�FKDQJH�RULHQWDWLRQ�WKH\�W\SLFDOO\�
KDYH� VRPH� QRWLRQ� RI� D� EDVHOLQH�� DQG� DSSO\� SUDFWLFHV� RI� WLPH�
ER[LQJ�DQG�SULRULWL]DWLRQ�DV�WKH�SULPDU\�5&0�PHFKDQLVPV�>��@��

6R� OLWHUDWXUH� VKRZV� D� FRQWUDVW� EHWZHHQ� WKH� WUDGLWLRQDO� DQG�
DJLOH�DSSURDFKHV��ZLWK� WKH�IRUPHU� IRFXVHG�RQ�WDVN�DQG�FRQWURO�
DQG�WKH�ODWWHU�RQ�SHRSOH�DQG�SUDFWLFHV��,Q�WKH�FODVVLF�UHTXLUHPHQWV�
FKDQJH� PDQDJHPHQW� PRGHOV� >��@� IRUPDO� SURFHVVHV� GULYHQ� E\�
&&%V� DQG� &5)V� LV� D� W\SLFDO� DSSURDFK� DQG� LJQRUHV� LQIRUPDO�
SURFHVVHV�IRU�GHDOLQJ�ZLWK�UHTXLUHPHQWV�FKDQJH��6R�ZK\�DUH�WKH�
ILQGLQJV� LQ� WKLV� VWXG\� GLIIHUHQW"� )RU� LQVWDQFH�� WKH� PRGHO�
SUHVHQWHG� E\� 1LD]L� HW� DO�� >��@� ZDV� H[WUDFWHG� VROHO\� IURP�
LQWHUYLHZ� GDWD� DQG� WKHLU� LQWHUSUHWDWLRQ� RI� KRZ� WKH� VWXGLHG�
RUJDQL]DWLRQV� PDQDJHG� UHTXLUHPHQWV� FKDQJHV�� ,Q� FRQWUDVW� RXU�
VWXG\�GUDZV�XSRQ�PXOWLSOH�HPSLULFDO�GDWD�VRXUFHV�DQG�PHWKRGV�
ZKLFK� DUH� PXWXDOO\� VXSSRUWLQJ�� LQWHUYLHZ� GDWD�� HOHFWURQLF�
DUWHIDFWV��SURFHVV�PDSSLQJ�DQG�FORVH�REVHUYDWLRQV�RI�SUDFWLFHV�
EDVHG�RQ�VLJQLILFDQW�SHULRGV�LQ�WKH�ILHOG�VHWWLQJ��7KLV�FORVHQHVV�
WR� SUDFWLFH� HQDEOHG� XV� WR� VHH� WKH� GLYHUJHQFH� EHWZHHQ�
SUDFWLWLRQHUV¶�DFWLRQV�DQG�WKH�FODVVLFDO�PRGHOV�RI�UHTXLUHPHQWV�
FKDQJH��

C. InfRC and Evolving Practices for Managing Change 
3UHYLRXVO\�>��@�ZH�GLVFXVVHG�WKH�UROH�RI�VSUHDGVKHHWV�LQ�WKH�

HYROXWLRQ� RI� UHTXLUHPHQWV� PDQDJHPHQW� SUDFWLFHV� LQ� D� *OREDO�
6RIWZDUH�(QJLQHHULQJ�VHWWLQJ��,W�ZDV�HYLGHQW�IURP�WUDFNLQJ�WKH�
UHTXLUHPHQWV�FKDQJH�ORJV�RYHU�WLPH����\HDUV��WKDW�WKH�WHDP�KDG�
GHYHORSHG� LQFUHDVLQJ�VRSKLVWLFDWLRQ� LQ�PDQDJLQJ�DQG� LQ�HIIHFW�
IRUPDOLVLQJ�,QI5&��E\�UHFRUGLQJ�WLPH�VSHQW��DSSUR[LPDWHO\�����
PDQ�KRXUV��E\�GHYHORSHUV�RQ�FKDQJHV�ZKLFK�ZHUH�QRW�ELOOHG�WR�
WKH�FOLHQW���

:H� FDQ� VHH� IURP� )LJXUH� �� WKDW� WKH� GHYHORSPHQW� WHDP¶V�
SUDFWLFHV�HYROYHG�WR�LQWURGXFH�HIIRUW�KRXU�HVWLPDWHV�LQYHVWHG�LQ�
LPSOHPHQWLQJ� ,QI5&��7KHVH� HVWLPDWHV�ZHUH�QRW� SUHVHQW� LQ� WKH�
HDUOLHU� YHUVLRQ� RI� WKHLU� 5HTXLUHPHQWV� &KDQJH� /RJ�� 6R� LW� LV�
DSSDUHQW� WKDW� WKH� SUDFWLWLRQHUV� ZHUH� QRW� RQO\� DZDUH� RI� WKH�
LPSOLFDWLRQV�RI�,QI5&�EXW�WKH\�KDG�DOVR�VWDUWHG�WR�GHYHORS�VRPH�
PHFKDQLVPV�IRU�FRSLQJ�ZLWK�WKHP���



�
)LJXUH���5HTXLUHPHQWV�&KDQJH�/RJ��5&/��9HUVLRQ���

9,,��/,0,7$7,216��
7KH�ILQGLQJV�LQ�WKLV�VWXG\�DUH�GUDZQ�IURP�D�VLQJOH�FDVH�DQG�

ZKLOH� RXU� REVHUYDWLRQV� DQG� V\QWKHVLV� ZLWK� WKH� SUHYLRXVO\�
SXEOLVKHG� UHVHDUFK� VXJJHVW� LWV� ZLGHU� UHOHYDQFH�� VXEVHTXHQW�
VWXGLHV� ZRXOG� EH� QHHGHG� WR� GHPRQVWUDWH� WKH� YDOLGLW\� RI� WKH�
SKHQRPHQRQ�DQG�WKH�DSSOLFDELOLW\�RI�WKH�PRGHO�LQ�RWKHU�VHWWLQJV��
7KH� UHVHDUFKHUV� KDG� OLPLWHG� DFFHVV� WR� WKH� HQG� FOLHQW� ZKLFK�
UHVXOWHG�LQ�RXU�GHULYLQJ�WKHVH�ILQGLQJ�PRVWO\�IURP�WKH�YHQGRU¶V�
SHUVSHFWLYH��7KH�FOLHQW�SHUVSHFWLYH�ZDV�DEOH�WR�EH�VHHQ�WKURXJK�
WKH� YHQGRU� UROH� DFWLQJ� DV� WKH� SUR[\� FOLHQW��$�PRUH� GLUHFW� HQG�
FOLHQW� LQWHUDFWLRQ� LQ� WKH� RIIVKRUH� VLWH� PD\� KDYH� SURYLGHG�
DGGLWLRQDO� LQVLJKWV�� $OVR�� WKH� YLHZV� DQG� FRQFHUQV� RI� GRPDLQ�
H[SHUWV�DV�SUR[\�XVHUV�ZHUH�DOVR�FDSWXUHG�WKURXJK�LVVXH�ORJV�DQG�
EXJ� UHSRUWV�� )XUWKHUPRUH�� LQ� WKLV� VWXG\� ZH� GR� QRW� FODLP�
JHQHUDOL]DELOLW\� DV� WKH� UHSRUWHG� VLQJOH� FDVH� PD\� QRW� EH�
UHSUHVHQWDWLYH� RI� DOO� VLPLODU� FRQWH[WV�� 1HYHUWKHOHVV�� ,QI5&�
UHVRQDWHV� ZLWK� RXU� RZQ� REVHUYDWLRQV� RYHU� PDQ\� \HDUV� LQ�
SUDFWLFH���7KH�SKHQRPHQRQ�RI�LQIRUPDO�FKDQJH�PD\�EH�H[SORUHG�
EHWWHU� E\� XVLQJ� PXOWLSOH� FDVH� VWXG\� LQ� GLIIHUHQW� RUJDQL]DWLRQ�
KDYLQJ�GLIIHUHQW�FXOWXUHV��ZKLFK�LV�RXU�SODQ�IRU�IXWXUH�ZRUN���

9,,,��,03/,&$7,216�)25�5(6($5&+�
,Q�WKLV�VWXG\�WKH�UROH�RI�SUR[\�FOLHQW�DSSHDUHG�WR�JHQHUDWH�D�

ODUJH�DPRXQW�RI�,QI5&�ZKHWKHU�WKDW�LV�VSHFLILF�WR�WKLV�FDVH�RU�D�
PRUH�JHQHUDO�GHILFLHQF\�LQ�D�SUR[\�FOLHQW¶V�ERXQGDU\�VSDQQLQJ�
UROH�ZRXOG�EH�D�IUXLWIXO�DUHD�IRU�UHVHDUFK���

,Q� DGGLWLRQ�� EHWWHU� XQGHUVWDQGLQJ� RI� ,QI5&� DQG� LWV�
DSSOLFDELOLW\�LQ�VRIWZDUH�GHYHORSPHQW�SURMHFWV�LQ�RWKHU�GRPDLQV�
QHHGV� IXUWKHU� LQYHVWLJDWLRQ�� :H� KDYH� DUJXHG� WKDW� DJLOH�
PHWKRGRORJLHV� ODUJHO\� GHDO� ZLWK� ,QI5&� WKURXJK� SULRULWL]DWLRQ�
PHFKDQLVPV�DQG�E\�WLPH�ER[LQJ�EXW�ZH�EHOLHYH�WKDW�,QI5&�VWLOO�
SUHVHQWV� FKDOOHQJHV� LQ� DJLOH� SURMHFWV� DQG� ZDUUDQWV� FORVHU�
LQYHVWLJDWLRQ���

7KH�PDUNHW�GULYHQ�VRIWZDUH�DVSHFWV�RI�WKLV�VWXG\�DV�FRYHUHG�
LQ�>��@��KDYH�KLJKOLJKWHG�FKDOOHQJHV�ZKLFK�VHHP�WR�GULYH�,QI5&��
,W� LV� QHFHVVDU\� WR� ILQG� D� JRRG� WUDGH�RII� EHWZHHQ� UHTXLUHPHQWV�
FRUUHVSRQGLQJ�WR�SHUFHLYHG�XVHU�QHHGV�DQG�QHZ��LQYHQWHG�RQHV�
WKDW� PD\� SURYLGH� D� FRPSHWLWLYH� DGYDQWDJH� WKURXJK� JURXQG��
EUHDNLQJ� WHFKQRORJ\�� )LQGLQJ� D� JRRG� EDODQFH� EHWZHHQ�
WHFKQRORJ\�GULYHQ� DQG� QHHGV�GULYHQ� UHTXLUHPHQWV� PD\� EH� D�
GHOLFDWH� FKDOOHQJH�� 5HVHDUFK� LQWR� PDUNHW� GULYHQ� VRIWZDUH�

GHYHORSPHQW�DSSURDFKHV�DQG�PDQDJHPHQW�RI�,QI5&�FRXOG�KHOS�
DGGUHVV�WKHVH�FKDOOHQJHV���

0RUH� JHQHUDOO\� LW� DSSHDUV� WKDW� UHTXLUHPHQWV� FKDQJH� DV� D�
SKHQRPHQRQ� LV� ERWK�XQGHU� WKHRULVHG�� DQG� SRVHV� FKDOOHQJHV� LQ�
SUDFWLFH�� 7KH� UHILQHG� XQGHUVWDQGLQJ� GHYHORSHG� LQ� WKLV� VWXG\�
FRXOG�OHDG�WR�D�GHHSHU�VWXG\�ZLWK�D�IRFXV�RQ�GHYHORSLQJ�D�EURDGHU�
WKHRU\�RI�FKDQJH�LQ�VRIWZDUH��SRVVLEO\�DNLQ�WR�WKDW�SURSRVHG�LQ�
DQ�RUJDQL]DWLRQDO�FRQWH[W�E\�>��@��9DQ�'H�9HQ�DQG�3RROH�DUJXH�
WKDW� D� SOXUDOLVW� DSSURDFK� WKDW� FRPELQHV� D� ULFK� DUUD\� RI�
SRVVLELOLWLHV�WR�VWXG\�FKDQJH�LQ�DQ�RUJDQL]DWLRQ�PD\�SURYLGH�
ULFKHU�LQVLJKWV�LQWR�WKH�SKHQRPHQRQ�RI�FKDQJH�>��@��

,;��&21&/86,216��
,Q� WKLV� SDSHU� ZH� KDYH� LQYHVWLJDWHG� WKH� SKHQRPHQRQ� RI�

LQIRUPDO� UHTXLUHPHQWV�FKDQJH� �,QI5&���:H�KDYH�DQDO\]HG� WKH�
FKDQJH� PDQDJHPHQW� SUDFWLFHV� RI� D� JHRJUDSKLFDOO\� GLVWULEXWHG�
GHYHORSPHQW�WHDP�DQG�KDYH�GHULYHG�D�QRYHO�SURFHVV�PRGHO�IRU�
ERWK� IRUPDO� DQG� LQIRUPDO� UHTXLUHPHQWV� FKDQJH� PDQDJHPHQW��
7KH� PRGHO� UHIOHFWV� XSRQ� D� SURFXUHPHQW� DQG� VRIWZDUH�
GHYHORSPHQW�FRQWH[W�IURP�D�YHQGRU�SHUVSHFWLYH��,Q�WKLV�VHWWLQJ�
,QI5&� UHSUHVHQWV� DQ� XQGHU� UHSRUWHG� DQG� YDULDEO\� PDQDJHG�
SURMHFW� GLPHQVLRQ� RI� KLGGHQ� ZRUN� ZKLFK� GHPDQGV� VXLWDEOH�
EXIIHUV� WR� PDQDJH� LQIRUPDO� FKDQJH� DFWLYLWLHV� LQ� GHYHORSPHQW�
SURMHFWV�� +DQGOLQJ� RI� ,QI5&� FRQWUDVWV� ZLWK� WKH� FODVVLFDO�
SHUVSHFWLYH� RI� UHTXLUHPHQWV� FKDQJH� PDQDJHPHQW�� ZKLFK�
LQYROYHV� KLJKO\� IRUPDOL]HG� DQG� ULJRURXV� FKDQJH� SURFHVVHV��
0RUHRYHU�� LQ� FKDQJH� RULHQWHG� DJLOH� GHYHORSPHQW� VHWWLQJV� ZH�
EHOLHYH�WKDW�,QI5&�LV�DQ�XQGHU�UHVHDUFKHG�SKHQRPHQRQ���

:H�DUJXH� WKDW� ,QI5&� LV� HQGHPLF� WR� VRIWZDUH�GHYHORSPHQW�
DQG� LPSRVHV� SUHVVXUHV� RQ� GHYHORSPHQW� WHDPV�� :H� QHHG� WR�
UHFRJQL]H�WKDW�LQIRUPDO�UHTXLUHPHQWV�FKDQJH�VHUYHV�D�QHFHVVDU\�
DQG�XVHIXO�SXUSRVH��UDWKHU�WKDQ�VLPSO\�EHLQJ�D�SURGXFW�RI�SRRU�
GHYHORSPHQW�SUDFWLFH�DQG�ZHDN�SURMHFW�PDQDJHPHQW��7KXV�ZH�
QHHG�IXUWKHU�UHVHDUFK�WR�EHWWHU�XQGHUVWDQG�WKLV�SKHQRPHQRQ�DQG�
GHYHORS� VWUDWHJLHV� DQG� WHFKQLTXHV� WR� DFFRPPRGDWH� LWV�
SUHYDOHQFH�LQ�SUDFWLFH���

5()(5(1&(6�
>�@� 6��0F*HH�DQG�'��*UHHU���7RZDUGV�DQ�XQGHUVWDQGLQJ�RI�WKH�

FDXVHV� DQG� HIIHFWV� RI� VRIWZDUH� UHTXLUHPHQWV� FKDQJH�� WZR�
FDVH�VWXGLHV���Requirements Engineering, YRO������SS������
�����������
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������
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$EG(O5D]LN�� �5HTXLUHPHQWV� GHWHUPLQDWLRQ� LV� XQVWRSSDEOH��
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>��@� '�� /HIILQJZHOO� DQG� '�� :LGULJ�� Managing software 
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V�&DYH��
DQG� 3HUFHSWLRQV� RI� 5HDOLW\��� LQ� Computer Software and 
Applications Conference, 2007. COMPSAC 2007. 31st 
Annual International��������SS�����������

>��@� $�� $XUXP� DQG� &�� :RKOLQ�� �5HTXLUHPHQWV� HQJLQHHULQJ��
VHWWLQJ�WKH�FRQWH[W���LQ�Engineering and managing software 
requirements��HG��6SULQJHU��������SS��������

>��@� :�� +XVVDLQ� DQG� 7�� &OHDU�� �*5&0�� D� PRGHO� IRU� *OREDO�
5HTXLUHPHQWV� &KDQJH�0DQDJHPHQW��� LQ�2nd International 
Requirements Engineering Efficiency Workshop (REEW 
2012)��HG��(VVHQ��*HUPDQ\��������

>��@� 0��1LD]L��&��+LFNPDQ��5��$KPDG�� DQG�0��$OL�%DEDU�� �$�
PRGHO� IRU� UHTXLUHPHQWV� FKDQJH� PDQDJHPHQW��
,PSOHPHQWDWLRQ� RI� &00,� OHYHO� �� VSHFLILF� SUDFWLFH���
Product-Focused Software Process Improvement, SS������
�����������

>��@� ,�� 6RPPHUYLOOH�� Software Engineering�� %RVWRQ��
0DVVDFKXVHWWV��3HDUVRQ�$GGLVRQ�:HVOH\��������

>��@� '��5��+DUMDQL� DQG� -��3��4XHLOOH�� �$�SURFHVV�PRGHO� IRU� WKH�
PDLQWHQDQFH�RI�ODUJH�VSDFH�V\VWHPV�VRIWZDUH���LQ�Software 
Maintenance, 1992. Proceerdings., Conference on�� ������
SS�����������

>��@� 7�� $GGLVRQ� DQG� 6�� 9DOODEK�� �&RQWUROOLQJ� VRIWZDUH� SURMHFW�
ULVNV�� DQ� HPSLULFDO� VWXG\� RI�PHWKRGV� XVHG� E\� H[SHULHQFHG�
SURMHFW� PDQDJHUV��� LQ� Proceedings of the 2002 annual 
research conference of the South African institute of 

computer scientists and information technologists on 
Enablement through technology��������SS�����������

>��@� 3��5XQHVRQ��0��+RVW��$��5DLQHU��DQG�%��5HJQHOO��Case study 
research in software engineering: Guidelines and examples��
-RKQ�:LOH\�	�6RQV��������

>��@� $��6SDUNHV���1DUUDWLYH�DQDO\VLV��([SORULQJ�WKH�ZKDWV�DQG�WKH�
KRZV� RI� SHUVRQDO� VWRULHV���Qualitative research in health 
care, YRO�����SS�����������������

>��@� 9�� %UDXQ� DQG� 9�� &ODUNH�� �8VLQJ� WKHPDWLF� DQDO\VLV� LQ�
SV\FKRORJ\���Qualitative research in psychology, YRO�����SS��
��������������

>��@� 6��%LD]]R���3URFHVV�PDSSLQJ�WHFKQLTXHV�DQG�RUJDQLVDWLRQDO�
DQDO\VLV�� /HVVRQV� IURP� VRFLRWHFKQLFDO� V\VWHP� WKHRU\���
Business Process Management Journal, YRO�� ��� SS�� �������
������

>��@� -��:KLWHKHDG�� ,��0LVWUtN��-��*UXQG\��DQG�$��YDQ�GHU�+RHN��
�&ROODERUDWLYH� VRIWZDUH� HQJLQHHULQJ�� FRQFHSWV� DQG�
WHFKQLTXHV��� LQ� Collaborative Software Engineering�� HG��
6SULQJHU��������SS��������

>��@� 9��6��*RUGRQ�DQG�-��0��%LHPDQ���5DSLG�SURWRW\SLQJ��OHVVRQV�
OHDUQHG���IEEE software, YRO������S������������

>��@� &00,� 3URGXFW� 7HDP�� �&00,� IRU� 'HYHORSPHQW�� YHUVLRQ�
������������

>��@� 0��5DYLVKDQNDU��6��/��3DQ��DQG�0��'��0\HUV���,QIRUPDWLRQ�
WHFKQRORJ\�RIIVKRULQJ�LQ�,QGLD��D�SRVWFRORQLDO�SHUVSHFWLYH���
European Journal of Information Systems, YRO������SS������
�����������

>��@� &�� (EHUW�� �5HTXLUHPHQWV� EHIRUH� WKH� UHTXLUHPHQWV��
XQGHUVWDQGLQJ� WKH� XSVWUHDP� LPSDFWV��� LQ� Requirements 
Engineering, 2005. Proceedings. 13th IEEE International 
Conference on��������SS�����������

>��@� 6��/DXHVHQ���&276� WHQGHUV�DQG� LQWHJUDWLRQ� UHTXLUHPHQWV���
Requirements Engineering, YRO������SS�����������������

>��@� *��0��:HLQEHUJ���-XVW�VD\�QR��LPSURYLQJ�WKH�UHTXLUHPHQWV�
SURFHVV���American Programmer, YRO�����SS���������������

>��@� *�� 6DEDOLDXVNDLWH�� $�� /RFRQVROH�� (�� (QJVWU|P�� 0��
8QWHUNDOPVWHLQHU�� %�� 5HJQHOO�� 3�� 5XQHVRQ, et al.��
�&KDOOHQJHV� LQ� DOLJQLQJ� UHTXLUHPHQWV� HQJLQHHULQJ� DQG�
YHULILFDWLRQ� LQ� D� ODUJH�VFDOH� LQGXVWULDO� FRQWH[W��� LQ�
requirements engineering: foundation for software quality��
HG��6SULQJHU��������SS�����������

>��@� (��%MDUQDVRQ��.��:QXN��DQG�%��5HJQHOO���5HTXLUHPHQWV�DUH�
VOLSSLQJ�WKURXJK�WKH�JDSV²$�FDVH�VWXG\�RQ�FDXVHV�	�HIIHFWV�
RI� FRPPXQLFDWLRQ� JDSV� LQ� ODUJH�VFDOH� VRIWZDUH�
GHYHORSPHQW��� LQ� Requirements Engineering Conference 
(RE), 2011 19th IEEE International��������SS���������

>��@� :�� +XVVDLQ� DQG� 7�� &OHDU�� �6SUHDGVKHHWV� DV� FROODERUDWLYH�
WHFKQRORJLHV� LQ�JOREDO� UHTXLUHPHQWV� FKDQJH�PDQDJHPHQW���
LQ� 9th International Conference on Global Software 
Engineering (ICGSE) 2014 ������SS���������

>��@� %�� 5HJQHOO� DQG� 6�� %ULQNNHPSHU�� �0DUNHW�GULYHQ�
UHTXLUHPHQWV� HQJLQHHULQJ� IRU� VRIWZDUH� SURGXFWV��� LQ�
Engineering and managing software requirements�� HG��
6SULQJHU��������SS�����������

>��@� 5��3LFKOHU��Agile product management with scrum: Creating 
products that customers love��$GGLVRQ�:HVOH\�3URIHVVLRQDO��
������

>��@� $��+��9DQ�GH�9HQ�DQG�0��6��3RROH���$OWHUQDWLYH�DSSURDFKHV�
IRU� VWXG\LQJ�RUJDQL]DWLRQDO� FKDQJH���Organization studies, 
YRO������SS�������������������

�


