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%H\RQG�6HOI�7UDFNLQJ�DQG�5HPLQGHUV��'HVLJQLQJ�
6PDUWSKRQH�$SSV�7KDW�6XSSRUW�+DELW�)RUPDWLRQ��

Katarzyna Stawarz Anna L. Cox Ann Blandford 
8&/�,QWHUDFWLRQ�&HQWUH� 8&/�,QWHUDFWLRQ�&HQWUH� 8&/�,QWHUDFWLRQ�&HQWUH�

*RZHU�6WUHHW� *RZHU�6WUHHW� *RZHU�6WUHHW�
/RQGRQ��:&�(��%7��8.� /RQGRQ��:&�(��%7��8.� /RQGRQ��:&�(��%7��8.�
N�VWDZDU]#FV�XFO�DF�XN DQQD�FR[#XFO�DF�XN� D�EODQGIRUG#XFO�DF�XN

$%675$&7��
+DELW� IRUPDWLRQ� LV� DQ� LPSRUWDQW� SDUW� RI� EHKDYLRU� FKDQJH�
LQWHUYHQWLRQV�� WR� HQVXUH� DQ� LQWHUYHQWLRQ� KDV� ORQJ�WHUP�
HIIHFWV�� WKH� QHZ� EHKDYLRU� KDV� WR� WXUQ� LQWR� D� KDELW� DQG�
EHFRPH� DXWRPDWLF�� 6PDUWSKRQH� DSSV� FRXOG� KHOS� ZLWK� WKLV�
SURFHVV�E\�VXSSRUWLQJ�KDELW�IRUPDWLRQ��7R�EHWWHU�XQGHUVWDQG�
KRZ��ZH�FRQGXFWHG�D���ZHHN�VWXG\�H[SORULQJ�WKH�LQIOXHQFH�
RI� GLIIHUHQW� W\SHV� RI� FXHV� DQG� SRVLWLYH� UHLQIRUFHPHQW� RQ�
KDELW�IRUPDWLRQ�DQG�UHYLHZHG�WKH�IXQFWLRQDOLW\�RI�����KDELW�
IRUPDWLRQ� DSSV��:H� GLVFRYHUHG� WKDW� UHO\LQJ� RQ� UHPLQGHUV�
VXSSRUWHG�UHSHWLWLRQ�EXW�KLQGHUHG�KDELW�GHYHORSPHQW��ZKLOH�
WKH� XVH� RI� HYHQW�EDVHG� FXHV� OHG� WR� LQFUHDVHG� DXWRPDWLFLW\��
SRVLWLYH� UHLQIRUFHPHQW� ZDV� LQHIIHFWLYH�� 7KH� IXQFWLRQDOLW\�
UHYLHZ� UHYHDOHG� WKDW� H[LVWLQJ� DSSV� IRFXV� RQ� VHOI�WUDFNLQJ�
DQG� UHPLQGHUV�� DQG� GR� QRW� VXSSRUW� HYHQW�EDVHG� FXHV�� :H�
DUJXH� WKDW� DSSV�� DQG� WHFKQRORJ\�EDVHG� LQWHUYHQWLRQV� LQ�
JHQHUDO��KDYH�WKH�SRWHQWLDO�WR�SURYLGH�UHDO�KDELW�VXSSRUW��DQG�
SUHVHQW� GHVLJQ� JXLGHOLQHV� IRU� LQWHUYHQWLRQV� WKDW� FRXOG�
VXSSRUW� KDELW� IRUPDWLRQ� WKURXJK� FRQWH[WXDO� FXHV� DQG�
LPSOHPHQWDWLRQ�LQWHQWLRQV��

$XWKRU��.H\ZRUGV��
6PDUWSKRQH�DSSV��KDELW�IRUPDWLRQ��EHKDYLRU�FKDQJH�

$&0��&ODVVLILFDWLRQ�.H\ZRUGV��
+���P��,QIRUPDWLRQ�LQWHUIDFHV�DQG�SUHVHQWDWLRQ��H�J���+&,���
0LVFHOODQHRXV��+�����8VHU�,QWHUIDFHV��8VHU�FHQWHUHG�GHVLJQ�

,1752'8&7,21��
'HVLJQLQJ� DSSV� WKDW� VXSSRUW� EHKDYLRU� FKDQJH� KDV� EHFRPH�
DQ�LPSRUWDQW�WKHPH�ZLWKLQ�WKH�+&,�UHVHDUFK�>��@��VSDQQLQJ�
DFURVV� GRPDLQV� IURP� HQFRXUDJLQJ� SK\VLFDO� DFWLYLW\� >�@� WR�
VXSSRUWLQJ� PHGLFDWLRQ�WDNLQJ� KDELWV� >��@�� 7KLV� IRFXV� RQ�
VPDUWSKRQH�DSSV�LV�QRW�VXUSULVLQJ�DV��GXH�WR�WKHLU�XELTXLW\��
SHUVRQDO�QDWXUH�DQG�FDSDELOLWLHV�� VPDUWSKRQHV�KDYH� WKH�SR�
WHQWLDO�WR�VXSSRUW�LQGLYLGXDOV�LQ�WKH�SURFHVV�RI�DGDSWLQJ�DQG�

3HUPLVVLRQ� WR�PDNH�GLJLWDO�RU�KDUG� FRSLHV�RI� DOO� RU�SDUW�RI� WKLV�ZRUN� IRU�
SHUVRQDO�RU�FODVVURRP�XVH�LV�JUDQWHG�ZLWKRXW�IHH�SURYLGHG�WKDW�FRSLHV�DUH�
QRW�PDGH�RU�GLVWULEXWHG�IRU�SURILW�RU�FRPPHUFLDO�DGYDQWDJH�DQG�WKDW�FRSLHV�
EHDU� WKLV� QRWLFH� DQG� WKH� IXOO� FLWDWLRQ� RQ� WKH� ILUVW� SDJH�� &RS\ULJKWV� IRU�
FRPSRQHQWV� RI� WKLV�ZRUN� RZQHG� E\� RWKHUV� WKDQ�$&0�PXVW� EH� KRQRUHG��
$EVWUDFWLQJ�ZLWK� FUHGLW� LV� SHUPLWWHG��7R� FRS\�RWKHUZLVH�� RU� UHSXEOLVK�� WR�
SRVW�RQ�VHUYHUV�RU�WR�UHGLVWULEXWH�WR�OLVWV��UHTXLUHV�SULRU�VSHFLILF�SHUPLVVLRQ�
DQG�RU�D�IHH��5HTXHVW�SHUPLVVLRQV�IURP�3HUPLVVLRQV#DFP�RUJ��

&+,�������$SULO����� ���������6HRXO��5HSXEOLF�RI�.RUHD�
&RS\ULJKW� LV� KHOG� E\� WKH� RZQHU�DXWKRU�V��� 3XEOLFDWLRQ� ULJKWV� OLFHQVHG� WR�
$&0��$&0������������������������«�������
KWWS���G[�GRL�RUJ�������������������������

VXVWDLQLQJ� D� QHZ� KHDOWK\� EHKDYLRU� >��� �@�� 7R� HQVXUH� WKDW�
EHKDYLRU�FKDQJH�DSSV�KDYH�PD[LPXP�LPSDFW��GHVLJQHUV�RI�
WKHVH� WHFKQRORJLHV� QHHG� WR� XQGHUVWDQG� WKH� PHFKDQLVPV� RI�
EHKDYLRU� FKDQJH� DQG� WDLORU� LQWHUYHQWLRQV� DFFRUGLQJO\� >��@��
7KH\�DOVR�QHHG�WR�UHFRJQL]H�WKH�UROH�RI�KDELW�IRUPDWLRQ��DV�
KDELWV�KHOS�WR�HQVXUH�WKDW� WKH�FKDQJH�LQ�EHKDYLRU�ZLOO�KDYH�
ORQJ� ODVWLQJ�HIIHFWV� >��@��$�KDELW� LV�GHILQHG�DV�D�FRQVLVWHQW�
UHSHWLWLRQ�RI�D�EHKDYLRU�LQ�WKH�SUHVHQFH�RI�VWDEOH�FRQWH[WXDO�
FXHV� WKDW� LQFUHDVHV� WKH� DXWRPDWLFLW\� RI� WKDW� EHKDYLRU� >��@��
8QGHUVWDQGLQJ� KRZ� KDELWV� GHYHORS� ZRXOG� KHOS� WKH� +&,�
FRPPXQLW\� GHVLJQ� DSSV� DQG� RWKHU� WHFKQRORJ\�EDVHG� LQWHU�
YHQWLRQV�WKDW�QRW�RQO\�KHOS�XVHUV�FKDQJH�WKHLU�EHKDYLRU��EXW�
DOVR�PDNH�WKDW�FKDQJH�SHUPDQHQW��

$W�SUHVHQW��EHKDYLRU�FKDQJH�DSSV�RIWHQ�GR�QRW�VXSSRUW�KDELW�
IRUPDWLRQ� DQG� LQVWHDG� IRFXV� RQ� WUDFNLQJ�� VHOI�PRQLWRULQJ�
DQG�VRFLDO�VXSSRUW�>��@��7KH�ODFN�RI�KDELW�VXSSRUW�PLJKW�EH�
UHODWHG� WR� WKH�RYHUDOO� ODFN�RI� WKHRUHWLFDO�JURXQGLQJ�RI�VXFK�
DSSV��)RU�H[DPSOH�� VWXGLHV� UHYLHZLQJ� WKHRUHWLFDO�XQGHUSLQ�
QLQJV�RI�KHDOWK�DQG�ILWQHVV�DSSV�>�����@�GLVFRYHUHG�WKDW�WKH\�
ZHUH�QRW�EDVHG�RQ�EHKDYLRU�FKDQJH�OLWHUDWXUH��$PRQJ�DSSV�
WKDW�GLG�XVH�EHKDYLRU�FKDQJH� WHFKQLTXHV�� WKH� IRFXV�ZDV�RQ�
VXSSRUWLQJ�PRWLYDWLRQ� DQG� GHYHORSLQJ� UHOHYDQW� VNLOOV�� )HD�
WXUHV�WKDW�FRXOG�VXSSRUW�KDELW�IRUPDWLRQ��VXFK�DV�VXSSRUW�IRU�
WULJJHU�HYHQWV�DQG�LPSOHPHQWDWLRQ�LQWHQWLRQV��ZHUH�ODFNLQJ��

(YHQ� WKRXJK� KDELW� IRUPDWLRQ� LV� D� SDUW� RI� WKH� EHKDYLRU�
FKDQJH�SURFHVV��SHRSOH�FDQ�DOVR�IRUP�KDELWV� LQGHSHQGHQWO\�
E\�VLPSO\� UHSHDWLQJ�D� WDVN� LQ�D� VWDEOH�FRQWH[W��$V�D� UHVXOW��
GHGLFDWHG� KDELW� IRUPDWLRQ� DSSV� DUH� DYDLODEOH� DQG� DUH� GH�
VLJQHG�WR�KHOS�SHRSOH�VWDUW�D�QHZ�KDELW�WKH\�ZDQW�WR�UHSHDW�
UHJXODUO\�� IURP� GDLO\� PHGLWDWLRQ� WR� UHDGLQJ� EHIRUH� VOHHS��
+RZHYHU�� VXFK�DSSV�KDYH�QRW�EHHQ�HYDOXDWHG�E\�DFDGHPLF�
UHVHDUFKHUV� DQG� LW� LV� QRW� FOHDU� KRZ� HIIHFWLYH� WKH\� DUH��8Q�
GHUVWDQGLQJ� ZKDW� IXQFWLRQDOLW\� WKH\� RIIHU� DQG� KRZ� WKH\�
VXSSRUW� KDELW� IRUPDWLRQ� FRXOG� KHOS� XV� GHVLJQ� EHWWHU�
EHKDYLRU�FKDQJH�LQWHUYHQWLRQV��

,Q�WKLV�SDSHU�ZH�UHSRUW�WKH�UHVXOWV�RI�WZR�VWXGLHV��D���ZHHN�
VWXG\� H[SORULQJ� WKH� LPSDFW� RI� GLIIHUHQW� W\SHV� RI� FXHV� DQG�
SRVLWLYH� UHLQIRUFHPHQW�RQ� WKH�GHYHORSPHQW�RI�DXWRPDWLFLW\�
RI� EHKDYLRU�� DQG� D� IXQFWLRQDOLW\� UHYLHZ� RI� ���� KDELW� IRU�
PDWLRQ� DSSV��2XU�ZRUN�PDNHV� WKUHH� FRQWULEXWLRQV�� )LUVWO\��
ZH�VKRZ�KRZ�UHPLQGHUV�DQG�WULJJHU�HYHQWV� LQIOXHQFH�KDELW�
IRUPDWLRQ�� :KLOH� UHPLQGHUV� VXSSRUW� UHSHWLWLRQ� DQG� KHOS�
XVHUV�UHPHPEHU�WR�FRPSOHWH�WKH�WDVN��WKH\�KLQGHU�KDELW�GH�
YHORSPHQW�� ,Q� FRQWUDVW�� UHOLDQFH� RQ� WULJJHU� HYHQWV� WR� FXH�
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mailto:Permissions@acm.org


� � � � � � � �
� � � � � � � � � �
� � � � � � � �

� � � � � � � �
� � � � � � � �

� � � � � � � �
� � � � � � �� �
� � � � � � � � �

� � � � � � � �
� � � � ��

� � � � � � � � �
� � � � � � � � � �

� � � � � � � � � �
� � � � � �

� � � � �
� � � � � �

� � � �

� � � � � � � �
� � � � � �
� � � � � � � � � �
� � � � � � � �
� � � � � � � �
� � � � � � � �

� � � � � � � �
� � � � � �

� � � � �
� � � � � � � � � � �

� � � � � � � � �
� � � � � � � � �

� � � � �

� � � � � �
� � � � � � � � � �
� � � � � � � � � � � �
� � � � � �

� � � � � �
� � � � � � � � �

� � � � � � �
� � � � �

� � � � � � � � �
� �

� � � � � � � �
� � � � � � � � �

� � � � � � � � �
� � � � � � � �

� � � � � � � �
� � � � � � � � � �

� � �
� � � � � � � � � � �

� � � � � �
� � � � � � � �
� � � � � � � � � �

� � � � � � � � � � �
�

� � � � � � � �
� � � � � �

� � � � � � � � �
� � � � � �

� � � � � �
� � � � � �
� � � � � � � � � � � �

� � � � � � � � � � �
� � � � �

� � � � � � � � �
� � � � � � � �
� � � � � � � � �
� � � � � � � � �

� � � � � � �
� � � ��

� � � � � � � �
� � � � �

� � �
� � � � � � � � �

� � � � � � �
� � � � � �
� � � � � � � � �
� � � � � �

� � � � � � � � � �
� � � ��

� � � � � � � � �
� � � � � � �

� � � � � � � � �
� � � � � � �
� � � � � � �

� � � � � � � � �
� � � � � � �
� � � � � � � � � �
� � � � � � � � �
� � � � � � �

� � � � � � � � � �
� � � � � � � �

� � � � �
� � � � � �

� � � � � � � �
� � � � � � �

� � � � � � � �
� � � � � � � �
� � � � � � �

� � � � � � � � �
� � � � � � � � �

� � � � � � � �
� � �

� � � � � � � � � �
� � � � � �

� � � � � � � � � �

WDVN� FRPSOHWLRQ� LQFUHDVHV� WKH� DXWRPDWLFLW\� RI� WKH� QHZ� EH�
KDYLRU��DOWKRXJK�LW�GRHV�QRW�VXSSRUW�PHPRU\�DV�ZHOO�DV�UH�
PLQGHUV�� 6HFRQGO\�� ZH� KLJKOLJKW� WKH� IDFW� WKDW� FXUUHQWO\�
DYDLODEOH�KDELW�IRUPDWLRQ�DSSV�DUH�QRW�JURXQGHG�LQ�WKH�KDELW�
OLWHUDWXUH� DQG� GR� QRW� DFWXDOO\� VXSSRUW� KDELW� IRUPDWLRQ� E\�
KHOSLQJ� XVHUV� DVVRFLDWH� WKHLU� QHZ� EHKDYLRU� ZLWK� D� WULJJHU�
HYHQW��,QVWHDG��WKH\�VXSSRUW�VHOI�PRQLWRULQJ�DQG�WUDFNLQJ� ±�
DFWLRQV� WKDW� FDQ� VXSSRUW� EHKDYLRU� FKDQJH�� EXW� QRW� WKURXJK�
WKH� IRUPDWLRQ� RI� QHZ� KDELWV�� )LQDOO\�� ZH� SUHVHQW� GHVLJQ�
JXLGHOLQHV�IRU�KDELW�IRUPDWLRQ�DSSV��

+$%,76��,1�%(+$9,285�&+$1*(��
+DELWV�SOD\�DQ�LPSRUWDQW�UROH�LQ�VXSSRUWLQJ�EHKDYLRU�FKDQJH�
DQG� HQVXULQJ� LW� KDV� ORQJ�WHUP� HIIHFWV� >��@�� 2QFH� D� SHUVRQ�
PDNHV�D�GHFLVLRQ�WR�FKDQJH�WKHLU�EHKDYLRU�DQG�WDNHV�DFWLRQ��
WKDW� DFWLRQ� QHHGV� WR� EH� UHJXODUO\� UHSHDWHG�� 7R� HQVXUH� WKH�
FKDQJH� EHFRPHV� SHUPDQHQW�� WKH� UHSHWLWLRQ� QHHGV� WR� EH�
PDLQWDLQHG� XQWLO� WKH� WDVN� EHFRPHV� DXWRPDWLF�� WKH� QHZ�
EHKDYLRU�QHHGV�WR�WXUQ�LQWR�D�KDELW��

(OHPHQWV��RI��+DELW��)RUPDWLRQ��
+DELWV� DUH� GHILQHG� DV� DXWRPDWLF� UHVSRQVHV� WR� FRQWH[WXDO�
FXHV� �H�J�� ORFDWLRQ�� H[LVWLQJ� URXWLQH� HYHQWV�� REMHFWV� RU� SUH�
FHGLQJ�DFWLRQV���7KH\�IRUP�DV�WKH�EHKDYLRU�LV�UHSHDWHG�LQ�D�
VWDEOH�FRQWH[W�DQG�WKH�UHSHWLWLRQ�KHOSV�WR�FUHDWH�DVVRFLDWLRQV�
EHWZHHQ�WKH�WDVN�DQG�LWV�FXHV�>������@��%HKDYLRU�FDQ�EH�FRQ�
VLGHUHG�DXWRPDWLF�ZKHQ�LW�UHDFKHV�WKH�µDXWRPDWLFLW\�SODWHDX¶�
L�H�� WKH� DV\PSWRWH� RI� D� FXUYH� UHSUHVHQWLQJ� WKH� UHODWLRQVKLS�
EHWZHHQ� UHSHWLWLRQ� DQG�KDELW� VWUHQJWK� >��@��7KH�QXPEHU�RI�
UHSHWLWLRQV� UHTXLUHG� WR� UHDFK� WKH�DV\PSWRWH�GHSHQGV�RQ� WKH�
FRPSOH[LW\�RI�WKH�WDVN�DQG�LW�FDQ�YDU\�IURP����GD\V�IRU�HDV\�
WDVNV� �H�J�� GULQNLQJ�PRUH�ZDWHU�� WR� DQ� HVWLPDWHG� ���� GD\V�
IRU� PRUH� FRPSOH[� WDVNV� �H�J�� JRLQJ� WR� WKH� J\P�� >��@��
+RZHYHU��UHSHWLWLRQ�DORQH�LV�QRW�HQRXJK�WR�IRUP�D�KDELW��

&XHV�DQG�WULJJHU�HYHQWV�VXSSRUW�WKH�KDELW�IRUPDWLRQ�SURFHVV��
DV�WKH\�VWDUW�WR�GULYH�WKH�EHKDYLRU�>����������@��([LVWLQJ�URX�
WLQHV� FDQ� EH� XVHG� DV� SURPSWV� WR� DFWLRQ� >���� ��@�� DV� WDVNV�
OLQNHG� WR� URXWLQH� HYHQWV� �HYHQW�EDVHG� WDVNV��� H�J�� WDNLQJ�
PHGLFDWLRQ�DIWHU�EUHDNIDVW��DUH�JHQHUDOO\�HDVLHU�WR�UHPHPEHU�
WKDQ� WDVNV� WKDW� QHHG� WR� EH� FRPSOHWHG� DW� D� VSHFLILHG� WLPH�
�WLPH�EDVHG� WDVNV���H�J��PHGLWDWLQJ�DW���SP�HYHU\�HYHQLQJ��
$OWKRXJK�DVVRFLDWLRQV�EHWZHHQ�WKH�WDVN�DQG�FRQWH[WXDO�FXHV�
IRUP�DXWRPDWLFDOO\�WKURXJK�UHSHWLWLRQ��LW�LV�SRVVLEOH�WR�VWHHU�
WKLV�SURFHVV�E\�IRUPLQJ�LPSOHPHQWDWLRQ�LQWHQWLRQV�>��@��

,PSOHPHQWDWLRQ�LQWHQWLRQV�DUH�DFWLRQ�SODQV�LQ�WKH�IROORZLQJ�
IRUPDW�� ³:KHQ� VLWXDWLRQ�;� DULVHV�� ,�ZLOO� SHUIRUP� UHVSRQVH�
<´� >��@�� H�J�� ³ZKHQ� ,� ILQLVK� HDWLQJ� GLQQHU�� ,� ZLOO� GULQN� D�
JODVV�RI�ZDWHU´��7KH\�KHOS�WR�FRQQHFW�WKH�QHZ�EHKDYLRU�ZLWK�
DQ� H[LVWLQJ� URXWLQH� DQG� WXUQ� LW� LQWR� DQ� HYHQW�EDVHG� WDVN��
:KHQ� WKH�UHODWLRQVKLS�EHWZHHQ� WKH� WDVN�DQG� LWV�FXHV� LV�H[�
SOLFLWO\� VWDWHG�� HDFK� UHSHWLWLRQ� UHLQIRUFHV� WKDW� DVVRFLDWLRQ��
ZKLFK�OHDGV�WR�D�PRUH�HIILFLHQW�DFWLRQ�LQLWLDWLRQ�LQ�WKH�IXWXUH�
DQG� LQFUHDVHV� WKH� DXWRPDWLFLW\� RI� WKH� EHKDYLRU� >��@�� 7KH�
WULJJHU�URXWLQH�QHHGV�WR�EH�UHOHYDQW�DQG�PHDQLQJIXO�WR�PDNH�
LW� HDVLHU� WR� DVVRFLDWH� LW�ZLWK� WKH�QHZ� WDVN�� DQG�QHHGV� WR�EH�

UHOLDEOH�� L�H�� RFFXU� DV� IUHTXHQWO\� DV� LV� GHVLUHG� RI� WKH� QHZ�
WDUJHW�EHKDYLRU��

([WHUQDO�PHPRU\�DLGV��H�J��UHPLQGHUV��QRWHV��FDQ�DOVR�VHUYH�
DV� FXHV� DQG�SOD\�DQ� LPSRUWDQW� UROH� LQ� VXSSRUWLQJ�KDELW�GH�
YHORSPHQW�� 7KH\� DUH� HVSHFLDOO\� XVHIXO� ZKHQ� WKH\� UHIHU� WR�
WKH�WDUJHW�EHKDYLRU�DQG�WKH�VLWXDWLRQ�LQ�ZKLFK�LW�QHHGV�WR�EH�
H[HFXWHG� >��@�� DOWKRXJK� WKH� HIIHFWLYHQHVV� DQG� VDOLHQFH� RI�
UHPLQGHUV� GHFUHDVHV� ZLWK� WLPH� >��@�� :KLOH� DXWRPDWLFDOO\�
UHVSRQGLQJ�WR�D�UHPLQGHU�FRXOG�EH�VHHQ�DV�D�KDELW��LW�LV�QRW�
UHODWHG�WR�WKH�WDUJHW�EHKDYLRU�DQG�GRHV�QRW�KHOS�WR�PDNH�WKDW�
EHKDYLRU� DXWRPDWLF�� 3HRSOH� ZKR� H[SHFW� WR� EH� UHPLQGHG�
VFRUH�ZRUVH� LQ� SURVSHFWLYH�PHPRU\� WHVWV� >��@�� DV� WKH\� SXW�
OHVV�PHQWDO�HIIRUW�LQWR�WU\LQJ�WR�UHPHPEHU�DQG�WKHUHIRUH�DUH�
PRUH� OLNHO\� WR� IRUJHW�� +RZHYHU�� LQ� VRPH� FDVHV� UHPLQGHUV�
FRXOG�VXSSRUW�WKH�VWDUW�RI�D�QHZ�KDELW��DV�WKH�DXWRPDWLFLW\�RI�
WKH� QHZ� EHKDYLRU� PLJKW� GHYHORS� IDVWHU� WKDQ� WKH� GHFD\� RI�
HIIHFWLYHQHVV�RI�WKH�UHPLQGHU�>��@��

$QRWKHU�IDFWRU�WKDW�FDQ�LQIOXHQFH�KDELW�IRUPDWLRQ�LV�SRVLWLYH�
UHLQIRUFHPHQW��(YHQ�VPDOO�VXFFHVVHV�LQFUHDVH�WKH�IHHOLQJ�RI�
VDWLVIDFWLRQ� DQG� FDQ� VWUHQJWKHQ� WKH� KDELW� >��� ��@�� 6DWLVIDF�
WLRQ�FDQ�DOVR� WULJJHU� WKH� IHHOLQJ�RI�EHLQJ� LQ�FRQWURO��ZKLFK�
UHLQIRUFHV� WKH� QHHG� WR� UHSHDW� WKH� DFWLRQ� LQ� WKH� IXWXUH� >�@��
7KHVH� IHHOLQJV� KHOS� ZLWK� PDLQWDLQLQJ� ORQJ�WHUP� EHKDYLRU�
FKDQJH��DV�WKH\�LQFUHDVH�WKH�EHOLHI�WKDW�VWDUWLQJ�WKH�QHZ�EH�
KDYLRU�ZDV� D� JRRG� FKRLFH� >��@�� 7KHUHIRUH�� WR� VXFFHVVIXOO\�
IRUP�D�KDELW��SHRSOH�QHHG�WR�VWDUW�LGHQWLI\LQJ�WKH�H[HFXWLRQ�
RI�WKH�WDVN�ZLWK�LWV�UHZDUGLQJ�QDWXUH�>������@��

5HZDUGV� FDQ� EH� H[WULQVLF�� VXFK� DV� ILQDQFLDO� LQFHQWLYHV�� RU�
LQWULQVLF�� VXFK� DV� SOHDVXUH� RU� VDWLVIDFWLRQ� >�@�� +RZHYHU��
WKHUH�LV�D�GDQJHU�WKDW�LI�WKH\�DUH�H[WULQVLF�DQG�H[SHFWHG��WKH\�
ZLOO�KLQGHU�KDELW�IRUPDWLRQ�E\�UHGXFLQJ�LQWULQVLF�PRWLYDWLRQ�
>�@��:KLOH�H[WULQVLF�UHZDUGV�FDQ�VWLOO�KHOS� WR�GHYHORS�DXWR�
PDWLFLW\� RI� WKH� EHKDYLRU� >�@�� WKH\� PD\� QRW� EH� IHDVLEOH� RU�
SUDFWLFDO� DQG� LW� PLJKW� EH� GLIILFXOW� WR� GLVWLQJXLVK� EHWZHHQ�
ZKHWKHU�WKH�DFWLRQ�LV�WUXO\�KDELWXDO�DQG�ZKHWKHU�SHRSOH�DUH�
HQJDJHG�MXVW�WR�JHW�WKH�UHZDUG�>��@��7KXV��H[WULQVLF�UHZDUGV�
DUH�OLNHO\�WR�IDFLOLWDWH�KDELW�IRUPDWLRQ�RQO\�ZKHQ�WKH�UHZDUG�
LV�QRW�D�JRDO� LQ� LWVHOI�DQG� WKH�EHKDYLRU�RIIHUV�RWKHU�� LGHDOO\�
LQWULQVLF�� EHQHILWV� WR� WKH� SHUVRQ� >��� ��@�� +RZHYHU�� SHRSOH�
GHYHORS�KDELWV�HYHQ�ZKHQ� WKH\�GR�QRW� UHFHLYH�DQ\�H[SOLFLW�
SRVLWLYH� UHLQIRUFHPHQW� >��@�� ZKLFK� VXJJHVWV� WKDW� ZKLOH� LW�
FDQ� VXSSRUW� KDELW� IRUPDWLRQ�� UHLQIRUFHPHQW� SOD\V� D� OHVVHU�
UROH�LQ�WKH�SURFHVV�WKDQ�RWKHU�IDFWRUV��

7KH� LQFUHDVLQJ� SRSXODULW\� RI� VPDUWSKRQHV� ����� RI� 86�
DGXOWV�RZQHG�RQH� LQ������ >��@��PDNHV� WKHP�DQ� LGHDO�SODW�
IRUP� IRU� GHOLYHULQJ� WDUJHWHG�� ORZ� FRVW� LQWHUYHQWLRQV� >�@��
7KRXVDQGV�RI�EHKDYLRU�FKDQJH�DSSV�DUH�DYDLODEOH�LQ�YDULRXV�
DSS�VWRUHV�DQG�DUH�EHLQJ�XVHG�DV�WRROV�IRU�EHKDYLRU�FKDQJH��
+RZHYHU��DV�ZH�GLVFXVV�LQ�WKH�QH[W�VHFWLRQ��WKH\�KDUGO\�HYHU�
LQFRUSRUDWH�IHDWXUHV�WKDW�VXSSRUW�KDELW�IRUPDWLRQ��

&+$1*,1*�%(+$9,25�:,7+��$336��
%HKDYLRU�FKDQJH�DSSV�WHQG�WR�IRFXV�RQ�SHUVRQDO�KHDOWK�DQG�
ZHOOQHVV��SK\VLFDO�DFWLYLW\�DQG�KHDOWK\�HDWLQJ�>��@��DOWKRXJK�
WKH\�FRXOG�KHOS�ZLWK�RWKHU�W\SHV�RI�EHKDYLRUV��VXFK�DV�JRRG�
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ZRUN�KDELWV��H�J��PDNLQJ�WR�GR�OLVWV�HYHU\�PRUQLQJ�RU�KRXVH�
FKRUHV��H�J��ZDVKLQJ�XS�DIWHU�PHDOV��$V�DQ\�W\SH�RI�EHKDY�
LRU� WDUJHWHG� E\� WKHVH� DSSV� UHTXLUHV� UHJXODU� UHSHWLWLRQ� DQG�
FDQ� EH� DVVRFLDWHG� ZLWK� UHOHYDQW� FRQWH[WXDO� FXHV�� LW� FRXOG�
EHQHILW�IURP�KDELW�VXSSRUW��+RZHYHU��EHKDYLRU�FKDQJH�DSSV�
RIWHQ�GR�QRW�VXSSRUW�KDELW�IRUPDWLRQ��ZKLFK�LV�SDUWO\�UHODWHG�
WR�WKH�IDFW�WKDW�WKH\�WHQG�QRW�WR�EH�JURXQGHG�LQ�UHVHDUFK��

6WXGLHV� H[SORULQJ� WKH� WKHRUHWLFDO� JURXQGLQJ� RI� EHKDYLRU�
FKDQJH� DSSV� VKRZ� WKDW� WKHLU� IHDWXUHV� DUH� VHOGRP� LQIRUPHG�
E\�WKH�OLWHUDWXUH��)RU�H[DPSOH��&RZDQ�HW�DO��>�@�FRQGXFWHG�D�
FRQWHQW�DQDO\VLV�RI�����+HDOWK�	�)LWQHVV�DSSV�WR�GHWHUPLQH�
WKH�H[WHQW�WR�ZKLFK�WKHVH�DSSV�DUH�EDVHG�RQ�KHDOWK�EHKDYLRU�
WKHRU\�DQG�GLVFRYHUHG�WKDW�WKH\�ODFNHG�DQ\�WKHRUHWLFDO�FRQ�
WHQW��6LPLODUO\��:HVW�HW�DO��>��@�FRQGXFWHG�D�FRQWHQW�DQDO\VLV�
RI� GHVFULSWLRQV� RI� ������ SDLG� KHDOWK� DQG� ILWQHVV� DSSV� WR�
LGHQWLI\� DSSURDFKHV� WR� VXSSRUWLQJ� WKH� FKDQJH� LQ� EHKDYLRU��
$JDLQ��WKHRU\�JURXQGLQJ�ZDV�ODFNLQJ��,Q�ERWK�VWXGLHV��DSSV�
WKDW�ZHUH�EDVHG�RQ� WKHRU\�IRFXVHG�SULPDULO\�RQ�VXSSRUWLQJ�
LQLWLDO� VWDJHV� RI� WKH� EHKDYLRU� FKDQJH� SURFHVV� DQG�SURYLGHG�
RSWLRQV�WKDW�KHOSHG�WR�WHDFK�VNLOOV�� WUDFN�SURJUHVV�RU�UHFRUG�
DFWXDO�EHKDYLRU��+DELW�IRUPDWLRQ�ZDV�QRW�VXSSRUWHG��

7KH� ODFN� RI� WKHRUHWLFDO� JURXQGLQJ� LV� DQ� LVVXH� QRW� RQO\� IRU�
FRPPHUFLDO� DSSV�� )UHH� HW� DO�� >�@� FRQGXFWHG� D� V\VWHPDWLF�
UHYLHZ� RI� ���PRELOH� KHDOWK� EHKDYLRU� FKDQJH� LQWHUYHQWLRQV�
GHYHORSHG� E\� UHVHDUFKHUV�� 7KH\� IRFXVHG� VSHFLILFDOO\� RQ�
VWXGLHV� WKDW� XVHG� PRELOH� WHFKQRORJLHV�� LQFOXGLQJ� PRELOH�
SKRQHV�� VPDUWSKRQHV� DQG� RWKHU� KDQG�KHOG� GHYLFHV� DV� WKH�
SULPDU\� SODWIRUP� IRU� WKH� LQWHUYHQWLRQ�� 2QO\� VHYHQ� VWXGLHV�
UHSRUWHG� XVLQJ� EHKDYLRU� FKDQJH� WHFKQLTXHV� VXFK� DV� IHHG�
EDFN� RQ� SHUIRUPDQFH�� JRDO� VHWWLQJ� RU� VHOI�PRQLWRULQJ� WR�
XQGHUSLQ� WKH� LQWHUYHQWLRQ�� $PRQJ� WKHP�� RQO\� WKUHH� LQWHU�
YHQWLRQV�VXSSRUWHG�KDELW�IRUPDWLRQ�E\�WHDFKLQJ�SDUWLFLSDQWV�
WR�XVH�SURPSWV�DQG�FRQWH[WXDO�FXHV��

$SSV�GHYHORSHG�E\�+&,�UHVHDUFKHUV�DUH�QR�GLIIHUHQW��7KH\�
WHQG� WR� IRFXV� RQ� WUDFNLQJ�� VHOI�PRQLWRULQJ� DQG� VRFLDO� VXS�
SRUW� >��@��%\�HQFRXUDJLQJ�SHRSOH� WR�XVH� WKHP�RQ�D� UHJXODU�
EDVLV��WKH\�WHDFK�WKHP�WR�UHO\�RQ�WHFKQRORJ\��5HJDUGOHVV�RI�
ZKHWKHU� WKHVH� DSSV� DUH� GHVLJQHG� DV� D� EHKDYLRU� FKDQJH� DLG�
WKDW�FDQ�EH�UHPRYHG�ZKHQ�WKH�QHZ�EHKDYLRU�LV�DFKLHYHG�RU�
ZKHWKHU� WKH\� DUH� VXSSRVHG� WR� EH� XVHG� FRQWLQXRXVO\�� WKLV�
DSSURDFK�LV�GDQJHURXV��8VHUV�QRW�RQO\�WHQG�WR�DEDQGRQ�DSSV�
>������@��EXW� VHOI�PRQLWRULQJ� LQ�JHQHUDO� LV�RQO\�HIIHFWLYH� LI�
WKH�PRQLWRULQJ�FRQWLQXHV��2QFH�LW�VWRSV��WKH�WDUJHW�EHKDYLRU�
WHQGV�WR�UHWXUQ�WR�LWV�LQLWLDO�OHYHOV�>����������@��

$QRWKHU� DSSURDFK� LV� QHHGHG�� 6WDZDU]� HW� DO�� >��@� SUHVHQWHG�
WKUHH� UHTXLUHPHQWV� IRU� GHVLJQLQJ� DSSV� WKDW� VXSSRUW� KDELW�
IRUPDWLRQ��7KH\�DUJXHG�WKDW�DSSV�VKRXOG�RIIHU�URXWLQH�FUHD�
WLRQ��LQ�WKH�IRUP�RI�LPSOHPHQWDWLRQ�LQWHQWLRQ��WR�KHOS�ILW�WKH�
EHKDYLRU�LQWR�D�GDLO\�URXWLQH���EDFN�XS�QRWLILFDWLRQV��LQ�FDVH�
WKH� URXWLQH�FKDQJHV��DQG�SRVW�FRPSOHWLRQ�FKHFNV��WR�FKHFN�
ZKHWKHU� WKH� WDVN� KDV� DOUHDG\� EHHQ� FRPSOHWHG��� 7KLV� DS�
SURDFK�FRXOG�EH�DSSOLHG�WR�DOO�W\SHV�RI�KDELWV�DQG�LOOXVWUDWHV�
WKDW� VPDUWSKRQHV� DOUHDG\�KDYH� FDSDELOLWLHV� WR� GR� VR��+RZ�
HYHU��6WDZDU]�HW�DO��IRFXVHG�RQ�PHGLFDWLRQ�WDNLQJ�KDELWV�DQG�

LPSURYLQJ� PHGLFDWLRQ� UHPLQGHUV�� ZKHWKHU� H[LVWLQJ� KDELW�
IRUPDWLRQ�DSSV�SURYLGH�WKDW�NLQG�RI�VXSSRUW�LV�QRW�NQRZQ��

'HGLFDWHG� KDELW� IRUPDWLRQ� DSSV� H[LVW� DQG� WKHLU� DLP� LV� WR�
KHOS�SHRSOH�UHSHDW�D�QHZ�EHKDYLRU��ZKLFK�PD\�RU�PD\�QRW�
EH�SDUW�RI�D�ZLGHU�EHKDYLRU�FKDQJH�JRDO��VXFK�DV�JHWWLQJ�XS�
HDUO\��ZULWLQJ�IRU�DQ�KRXU�HYHU\�PRUQLQJ�RU�ZDWHULQJ�SODQWV�
UHJXODUO\�� 8QOLNH� EHKDYLRU� FKDQJH� DSSV� WKDW� WHQG� WR� IRFXV�
RQ� LQLWLDO� VWDJHV�RI� WKH�EHKDYLRU�FKDQJH�SURFHVV��KDELW� IRU�
PDWLRQ� DSSV� DUH� VXSSRVHG� WR� VXSSRUW� WKH� UHSHWLWLRQ� DQG�
PDLQWHQDQFH�RI�WKH�QHZ�EHKDYLRU��8QGHUVWDQGLQJ�KRZ�WKH\�
ZRUN� FRXOG� LQIRUP� WKH� GHVLJQ� RI� IHDWXUHV� WKDW� HIIHFWLYHO\�
IDFLOLWDWH� WKH� GHYHORSPHQW� RI� QHZ� KDELWV�� +RZHYHU�� KDELW�
IRUPDWLRQ�DSSV�KDYH�QHYHU�EHHQ�HYDOXDWHG�EHIRUH��

%HORZ� ZH� SUHVHQW� WZR� VWXGLHV� WKDW� LQYHVWLJDWH� KRZ� DSSV�
FRXOG�HIIHFWLYHO\�VXSSRUW�KDELW�IRUPDWLRQ��)LUVW��ZH�H[SORUH�
KRZ�GLIIHUHQW� W\SHV�RI�FXHV�DQG�SRVLWLYH�UHLQIRUFHPHQW�GH�
OLYHUHG�YLD�PRELOH�WHFKQRORJ\�IDFLOLWDWH�WKH�GHYHORSPHQW�RI�
DXWRPDWLFLW\��7KHQ��ZH�UHYLHZ�WKH�IXQFWLRQDOLW\�RI�H[LVWLQJ�
KDELW�IRUPDWLRQ�DSSV��ZKHWKHU�WKH\�DUH�JURXQGHG�LQ�UHVHDUFK�
DQG�KRZ�WKH\�VXSSRUW�WKH�GHYHORSPHQW�RI�QHZ�KDELWV��

678'<�,���+$%,7��)250$7,21�,1�7+(��:,/'��
3UHYLRXV� VWXGLHV� LQYHVWLJDWLQJ� KDELW� IRUPDWLRQ� IRFXVHG� RQ�
XQGHUVWDQGLQJ� KRZ� ORQJ� LW� WDNHV� IRU� WKH� QHZ� EHKDYLRU� WR�
EHFRPH�DXWRPDWLF� >��@�DQG�ZKDW�VWUDWHJLHV�SHRSOH�GHYHORS�
WR� VXSSRUW� WKDW� SURFHVV� >��@��:H� EXLOG� RQ� WKDW� UHVHDUFK� WR�
H[SORUH�ZKLFK�W\SHV�RI�FXHV�DUH�PRVW�HIIHFWLYH�DW�VXSSRUWLQJ�
WKH� GHYHORSPHQW� RI� DXWRPDWLFLW\� RI� EHKDYLRU� LQ� D� UHDO�OLIH�
VHWWLQJ��:H�FRQGXFWHG�D���ZHHN�VWXG\�WKDW�DLPHG�WR�WHVW�WKH�
IROORZLQJ�K\SRWKHVHV��

 3UHVHQFH��RI��FXHV��ZRXOG��EH��EHQHILFLDO��LQ��VXSSRUWLQJ��KDELW�
IRUPDWLRQ�� DOWKRXJK� UHO\LQJ� RQ� WULJJHU�� HYHQWV�� �HYHQW�
EDVHG� WDVNV���ZRXOG�EH��PRUH��HIIHFWLYH�� L�H��ZRXOG�� OHDG�� WR�
KLJKHU�� OHYHOV�� RI�� DXWRPDWLFLW\��� WKDQ�� UHO\LQJ�� RQ�� UHPLQGHUV�
�WLPH�EDVHG�WDVNV���>����������������������@��

 5HJDUGOHVV��RI��WKH��W\SH�RI��WKH�FXH��WULJJHU��HYHQW���UHPLQGHU�
QR� FXH���� WKH�� SUHVHQFH�� RI�� SRVLWLYH�� UHLQIRUFHPHQW�� ZRXOG�
OHDG��WR��KLJKHU��DXWRPDWLFLW\��>�����@���

0HWKRG��
3DUWLFLSDQWV�ZHUH�DVNHG�WR�UHSRUW�YLD�606�ZKDW�WKH\�KDG�IRU�
OXQFK� HYHU\� GD\� IRU� IRXU� ZHHNV�� /XQFK�ZDV� VHOHFWHG� DV� D�
WULJJHU� HYHQW� DV� LW� LV� D� IDPLOLDU� WDVN� DQG� WDNHV� SODFH� HYHU\�
GD\�� 7R� HQVXUH� WKH� WULJJHU� HYHQW� ZDV� PHDQLQJIXO�� SDUWLFL�
SDQWV�ZHUH�OHG�WR�EHOLHYH�WKDW�WKH�VWXG\�H[SORUHG�WKHLU�HDWLQJ�
KDELWV��7KH�UHDO�JRDO�ZDV�WR�VWXG\�ZKHWKHU�WKH�DFW�RI�VHQG�
LQJ� WH[W�PHVVDJHV�EHFRPHV�DXWRPDWLF��$V�VLPSOH� WDVNV�EH�
FRPH�DXWRPDWLF�IDVWHU�WKDQ�FRPSOH[�WDVNV��VRPH�HYHQ�LQ����
GD\V�>��@��LW�ZDV�DVVXPHG�WKDW�VHQGLQJ�DQ�606�ZDV�VLPSOH�
HQRXJK�WR�DOORZ�XV�WR�REVHUYH�DQ�LQFUHDVH�LQ�DXWRPDWLFLW\�LQ�
RQO\�IRXU�ZHHNV��3DUWLFLSDQWV�ZHUH�LQIRUPHG�RI�WKH�UHDO�IR�
FXV� RI� WKH� VWXG\� LQ� WKH� GHEULHI� HPDLO� WKH\� UHFHLYHG� DIWHU�
VXEPLWWLQJ�WKH�ILQDO�VXUYH\��
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Positive 
reinforcement 

Cue 

None SMS 
reminder Lunch 

None &RQWURO�
JURXS�

5HPLQGHU�
JURXS�

7ULJJHU�
JURXS�

SMS 
confirmation 

1	35�
JURXS� 5	35�JURXS� 7	35�

JURXS�

Table 1. Independent variables and study conditions 

Participants 
2YHUDOO�� WKHUH�ZHUH� ���� SDUWLFLSDQWV�� ��� LQ� HDFK� FRQGLWLRQ�
���� LQ� WKH� FRQWURO� JURXS��� 7KH\� ZHUH� UHFUXLWHG� RQ� VRFLDO�
QHWZRUNV� DQG� DPRQJ� XQLYHUVLW\� VWDII� DQG� VWXGHQWV�� 7KH\�
ZHUH� ������ \HDUV� ROG� �PHDQ� DJH�� ��� \HDUV� ROG�� 6' ������
���� ZHUH� ZRPHQ�� ���� ZHUH� VWXGHQWV�� 3DUWLFLSDQWV� ZHUH�
RIIHUHG� D� ��� YRXFKHU� LQ� UHFRJQLWLRQ� RI� WKHLU� 606� FRVWV�� D�
VXPPDU\�RI�WKHLU�OXQFK�SDWWHUQV�DQG�D�FKDQFH�WR�ZLQ�RQH�RI�
ILYH�����YRXFKHUV��

Design 
7KH�VWXG\�XVHG�D���×���EHWZHHQ�VXEMHFW�GHVLJQ��FXH��QRQH��
606� UHPLQGHU�� OXQFK�� ×� SRVLWLYH� UHLQIRUFHPHQW� �QRQH��
606���ZKLFK�UHVXOWHG�LQ�VL[�FRQGLWLRQV��606�UHPLQGHU�UHS�
UHVHQWHG� D� WLPH�EDVHG� FXH�� ZKLOH� OXQFK� ZDV� VHOHFWHG� WR�
VHUYH�DV�DQ�HYHQW�EDVHG�FXH��'HSHQGHQW�YDULDEOHV�ZHUH�DX�
WRPDWLFLW\�RI�EHKDYLRU�� UHSUHVHQWLQJ�KDELW� VWUHQJWK� >��������
��@��PHDVXUHG�DW�WKH�HQG�RI�WKH�VWXG\�XVLQJ�6HOI�5HSRUW�%H�
KDYLRUDO�$XWRPDWLFLW\�,QGH[��65%$,��>��@��DQG�DGKHUHQFH��
GHILQHG�DV�FRQVLVWHQF\�LQ�VHQGLQJ�606�UHSRUWV��PHDVXUHG�WR�
WUDFN� WKH� UHSHWLWLRQ� RI� WKH� EHKDYLRU� DQG� HQJDJHPHQW� ZLWK�
WKH�VWXG\��

3DUWLFLSDQWV� ZHUH� UDQGRPO\� DVVLJQHG� WR� FRQGLWLRQV� WKDW�
YDULHG�LQ�WHUPV�RI�W\SH�RI�FXH�DQG�SUHVHQFH�RI�SRVLWLYH�UHLQ�
IRUFHPHQW���VHH��7DEOH�������

 No  cues  (Control)  group��3DUWLFLSDQWV��ZHUH��WROG��WR��UHSRUW�
HYHU\��GD\��ZKDW�� WKH\��KDG�� IRU�� OXQFK���1R��FXHV��ZHUH�� VSHFL�
ILHG�D� QG��WKHUH�ZDV�QR��SRVLWLYH��UHLQIRUFHPHQW��

  � � � � �
� � � � � � �

� � � � � �
� � � � �

     � �
� � � � � � �
� � � � �

� � � � � � �
� � �

� � � � � � � � �
� � � � � � �

 Reminder  and  positive  reinforcement  (R&PR)  group�
3DUWLFLSDQWV��UHFHLYHG��606�UHPLQGHUV��LQ��WKH��DIWHUQRRQ��DQG�
FRQILUPDWLRQ�� PHVVDJHV�� LQ�� UHVSRQVH�� WR�� WKHLU�� UHSRUWV�� WKDW
VHUYHG�D� V�SRVLWLYH��UHLQIRUFHPHQW��

     � �
� � � � � � � � �
� � � �

3DUWLFLSDQWV��IURP��DOO��FRQGLWLRQV��UHFHLYHG��VXPPDU\��HPDLOV��DW��
WKH�HQG�RI�HDFK�ZHHN�WKDW�VHUYHG�DV�LPSOLFLW�UHPLQGHUV���

Materials  
7ZLOLR�� �KWWSV���ZZZ�WZLOLR�FRP���� ZDV�� XVHG�� WR�� UHFRUG�� DQG��
VWRUH��SDUWLFLSDQWV¶�� WH[W��PHVVDJHV���DQG��WR��PDQDJH�UHPLQGHUV��
DQG�� FRQILUPDWLRQ�� PHVVDJHV��� ,URQ:RUNHU�� �KWWS���ZZZ�LURQ���
LR�ZRUNHU��ZDV�XVHG�WR�VFKHGXOH�UHPLQGHUV����

7KH����LWHP��65%$,��TXHVWLRQQDLUH��>��@�ZDV��XVHG��WR��PHDVXUH��
DXWRPDWLFLW\�� OHYHOV���4XHVWLRQV��ZHUH��SUHVHQWHG��RQ��D����SRLQW��
/LNHUW��VFDOH��ZLWK��DQVZHUV�UDQJLQJ��IURP��³6WURQJO\��$JUHH´��WR��
³6WURQJO\�� 'LVDJUHH´��� 6FRUHV�� UDQJHG� IURP�� �� WR� ��� SRLQWV���
ZLWK�KLJKHU�VFRUHV� LQGLFDWLQJ�KLJKHU�VHOI�UHSRUWHG� OHYHOV�RI�
DXWRPDWLFLW\�� $YHUDJH� DGKHUHQFH� UDWHV� IRU� HDFK� FRQGLWLRQ�
ZHUH�FDOFXODWHG�EDVHG�RQ�WKH�QXPEHU�RI�PHVVDJHV�UHFHLYHG�
WKURXJKRXW�WKH�VWXG\�DQG�WKH�QXPEHU�RI�H[SHFWHG�PHVVDJHV��

Procedure 
3DUWLFLSDQWV�ZHUH�DVNHG�WR�UHSRUW�YLD�606�DW�ZKDW�WLPH�WKH\�
KDG� OXQFK� DQG�ZKDW� WKH\� DWH� HDFK� GD\�� ([DPSOH�PHDO� GH�
VFULSWLRQV�ZHUH�SURYLGHG��H�J��³������±�ILVK�	�FKLSV´��³�SP�
± YHJHWDULDQ� FXUU\� ZLWK� ULFH´�� 7KH� FRQWHQW� RI� HDFK� OXQFK
UHSRUW�DQG� WKH� WLPH�RI� LWV�DUULYDO�ZHUH� UHFRUGHG��7KH�VWXG\�
ODVWHG� ��� GD\V�� 3DUWLFLSDQWV� LQ� WKH� UHPLQGHU� FRQGLWLRQV� UH�
FHLYHG� UHPLQGHUV� DW� ������ RQ� ZHHNGD\V� DQG� DW� ������ RQ�
ZHHNHQGV��

$W�WKH�HQG�RI�HDFK�ZHHN�SDUWLFLSDQWV�UHFHLYHG�D�VXPPDU\�RI�
WKH� SUHYLRXV� ZHHN¶V� OXQFKHV�� $IWHU� IRXU� ZHHNV� WKH\� UH�
FHLYHG�D�OLQN�WR�WKH�ILQDO�VXUYH\�WKDW�H[SORUHG�KRZ�WKH\�UH�
PHPEHUHG� WR� VHQG� WH[W� PHVVDJHV� DQG� LQFOXGHG� 65%$,�
TXHVWLRQV��$IWHU�VXEPLWWLQJ�WKHLU�UHVSRQVHV��HDFK�SDUWLFLSDQW�
UHFHLYHG� D� GHEULHI� HPDLO� WKDW� H[SODLQHG� WKH�PDLQ� REMHFWLYH�
RI�WKH�VWXG\�DQG�LQFOXGHG�YRXFKHUV��

)LQGLQJV��
1LQHW\�VL[�SDUWLFLSDQWV�������FRPSOHWHG�WKH�VWXG\�DQG�ZHUH�
LQFOXGHG� LQ� WKH� ILQDO� DQDO\VLV�� 2YHUDOO�� WKH� IHZHVW� SDUWLFL�
SDQWV�GURSSHG�RXW� IURP�5	35�DQG�5HPLQGHU�JURXSV� �WZR�
DQG�IRXU�UHVSHFWLYHO\���ZKLOH�WKH�7ULJJHU�DQG�&RQWURO�JURXS�
ORVW�QLQH�SDUWLFLSDQWV�HDFK��2YHUDOO��SDUWLFLSDQWV�VHQW�������
WH[W�PHVVDJHV��$V�WKH�VWXG\�ODVWHG�IRXU�ZHHNV��SDUWLFLSDQWV�
ZHUH�H[SHFWHG�WR�VHQG����PHVVDJHV�HDFK��3DUWLFLSDQWV�IURP�
5HPLQGHU� DQG�5	35� JURXS� VHQW� WKH�PRVW� �RQ� DYHUDJH� ���
DQG� ��� PHVVDJHV� SHU� SHUVRQ� UHVSHFWLYHO\��� ZKLOH� SDUWLFL�
SDQWV� IURP�7	35� JURXS� VHQW� WKH� IHZHVW� �RQ� DYHUDJH� �����
PHVVDJHV�SHU�SHUVRQ���

�

5HPLQGHU�JURXS��3DUWLFLSDQWV�UHFHLYHG�DQ�606�UHPLQGHU�
LQ�WKH�DIWHUQRRQ�DQG�KDG�WR�UHVSRQG�ZLWK�D�GHVFULSWLRQ�RI�
WKHLU�OXQFK��1R�SRVLWLYH�UHLQIRUFHPHQW�ZDV�SURYLGHG�

�

1R�FXHV�DQG�SRVLWLYH�UHLQIRUFHPHQW��1	35��JURXS��&XHV
WR�DFWLRQ�ZKHUH�QRW�VSHFLILHG��DV�LQ�WKH�&RQWURO�JURXS��
EXW�DIWHU�VHQGLQJ�D�OXQFK�UHSRUW�SDUWLFLSDQWV�UHFHLYHG�D
FRQILUPDWLRQ�PHVVDJH��H�J��³*UHDW��WKDQN�\RX�´��³<RX¶UH
JUHDW�´��³$ZHVRPH�´��WKDW�VHUYHG�DV�SRVLWLYH�UHLQIRUFH
�PHQW��0HVVDJHV�ZHUH�LQVSLUHG�E\�>��@��7KH\�ZHUH�VHQW�
ZLWK�D�GHOD\�WR�GLVJXLVH�WKH�IDFW�WKDW�WKH\�ZHUH�DXWRPDWLF�

�

7ULJJHU�JURXS��3DUWLFLSDQWV�ZHUH�H[SOLFLWO\�LQVWUXFWHG�WR�
VHQG�WH[W�PHVVDJHV�DV�VRRQ�DV�WKH\�ILQLVK�WKHLU�OXQFK��LP�
SOHPHQWDWLRQ�LQWHQWLRQ���ZKLFK�VHUYHG�DV�D�WULJJHU�HYHQW��
1R�SRVLWLYH�UHLQIRUFHPHQW�ZDV�SURYLGHG�

�

7ULJJHU�DQG�SRVLWLYH�UHLQIRUFHPHQW��7	35���3DUWLFLSDQWV�
ZHUH�LQVWUXFWHG�WR�VHQG�WH[W�PHVVDJHV�DIWHU�OXQFK�DQG�UH�
FHLYHG�FRQILUPDWLRQ�PHVVDJHV��SRVLWLYH�UHLQIRUFHPHQW��

�

�

http://www.iron
http:https://www.twilio.com
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Automaticity  
$XWRPDWLFLW\�ZDV��XVHG�WR�DVVHVV��WKH��VWUHQJWK�RI�� WKH��WH[WLQJ�
KDELW��� 65%$,�� VFRUHV�� IRU�� HDFK�� FRQGLWLRQ�� DUH�� SUHVHQWHG�� LQ��
)LJXUH�� ���� KLJKHU�� YDOXHV�� LQGLFDWH�� KLJKHU�� DXWRPDWLFLW\��� 7KH��
7ULJJHU�� JURXS�� KDG�� WKH�� KLJKHVW�� VFRUH�� �PHDQ ����� 6' ������
1 ����� ZLWK�� &RQWURO�� FORVH�� EHKLQG�� �PHDQ ����� 6' ������
1 ������ 7KH�� PHDQ�� DXWRPDWLFLW\�� VFRUH�� IRU�� 7	35�� ZDV�� ���
�6' ������ 1 ���� DQG�� IRU� 1	35�� ZDV�� ���� �6' ������ 1 ������
3DUWLFLSDQWV�� IURP�� ERWK� UHPLQGHU�� FRQGLWLRQV�� UHSRUWHG� WKH��
ORZHVW� DXWRPDWLFLW\�� OHYHOV�� 5HPLQGHU�� JURXS�� VFRUH�� ZDV�� ����
�6' ������1 ����DQG��IRU�5	35��ZDV��� ����6' ������1 ������

$� WZR�ZD\�� EHWZHHQ�VXEMHFW�� $129$�� FRPSDUHG�� DOO�� FXH�
W\SHV��WR��HDFK��RWKHU��DQG��H[SORUHG��WKH��LPSDFW�RI��FXH��W\SH��DQG��
SRVLWLYH��UHLQIRUFHPHQW�RQ��DXWRPDWLFLW\��7KHUH��ZHUH��VLJQLIL�
FDQW��PDLQ��HIIHFWV��RI��FXH��W\SH���)������ �������S�������SDUW���
η� ������ DQG�� SRVLWLYH�� UHLQIRUFHPHQW�� �)������ ������� S ������
SDUW��� η� ������� LQGLFDWLQJ�� WKDW� DXWRPDWLFLW\�� ZDV�� KLJKHU�� IRU��
FRQGLWLRQV�� ZLWKRXW�� SRVLWLYH� UHLQIRUFHPHQW� �PHDQ ������
6' �����1 ����YV���PHDQ �����6' �����1 ������7KH��LQWHUDFWLRQ��
EHWZHHQ� WKHVH�� WZR� IDFWRUV� ZDV� QRW�� VWDWLVWLFDOO\�� VLJQLILFDQW��
�)������ ������� S ����� SDUW��� η� ������ %RQIHUURQL�� SRVW�KRF��
WHVW��VKRZHG��D��VWDWLVWLFDOO\��VLJQLILFDQW��GLIIHUHQFH�IRU��UHPLQG�
HUV�� �PHDQ ����� 6' ����1 ����� YV��� WULJJHU�� �PHDQ ����� 6' ����
1 ������DQG��UHPLQGHUV��YV���QR�FXHV���PHDQ ����6' ���1 �����
ZLWK�� S������� DQG�� S ������ UHVSHFWLYHO\�� 7KHUH�� ZDV�� QR��
VLJQLILFDQW��GLIIHUHQFH��IRU��WULJJHU��YV���QR�F� XHV���

Adherence  
$GKHUHQFH��UDWHV��ZHUH��FDOFXODWHG��WR��XQGHUVWDQG��KRZ�FRQVLVW�
HQWO\��XVHUV��UHSHDWHG�WKHLU��EHKDYLRU���7KH\�DUH�VXPPDUL]HG��LQ��
)LJXUH������$GKHUHQFH��RI�������ZDV��DQ��HTXLYDOHQW��RI��UHSRUWLQJ��
OXQFKHV��HYHU\��GD\��RQ��ZHHNGD\V��RQO\���3DUWLFLSDQWV��IURP��WKH��
5HPLQGHU�� DQG��5	35�� JURXSV��ZHUH�� WKH��PRVW�� DGKHUHQW��ZLWK��
WKH�� DGKHUHQFH�� RI�� ����� DQG� ����� UHVSHFWLYHO\�� ZKLOH�� WKH��
7	35��KDG�WKH��ORZHVW��DYHUDJH�VFRUH����

7KH�� LQIOXHQFH��RI�� WKH�� W\SH��RI��FXH��DQG�� WKH��SUHVHQFH��RI��SRVL�
WLYH��UHLQIRUFHPHQW�RQ��DGKHUHQFH��UDWHV��ZDV��HYDOXDWHG��XVLQJ��D�
WZR�ZD\�� EHWZHHQ�VXEMHFW�� $129$��� 7KHUH�� ZDV�� D�� VWDWLVWL�
FDOO\�� VLJQLILFDQW�� PDLQ�� HIIHFW�� IRU�� FXH� W\SH��� )������ ��������

Figure 1. Automaticity scores for study conditions grouped by 
cue type: no cues (dark gray), event-based cues (light gray) 

and time-based cues (white dotted) 

Figure 2. Adherence scores for study conditions grouped by 
cue type: no cues (dark gray), event-based cues (light gray) 

and time-based cues (white dotted) 

S������� SDUW��� η� ������ EXW�� QRW� IRU�� SRVLWLYH�� UHLQIRUFHPHQW���
)������ �������S �����SDUW���η� �����7KHUH��ZDV��QR��VLJQLILFDQW��
LQWHUDFWLRQ�� �)������ ������ S ����� SDUW���η� ������� %RQIHUURQL��
SRVW�KRF�� WHVW� VKRZHG�� VLJQLILFDQW� GLIIHUHQFH�� IRU�� UHPLQGHUV��
�PHDQ �� ������ 6' �����1 ����� YV��� WULJJHU�� �S�������� DQG�� UH�
PLQGHUV�YV��QR�FXHV��S��������7KHUH�ZDV�QR�VLJQLILFDQW�GLI�
IHUHQFH� IRU� WULJJHU� �PHDQ ����� 6' ����� 1 ���� YV�� QR�
FXHV��PHDQ ������6' �����1 �����

Remembering Strategies 
7KH� ILQDO� VXUYH\� LQFOXGHG� RSHQ�HQGHG� TXHVWLRQV� H[SORULQJ�
UHPHPEHULQJ�VWUDWHJLHV�GHYHORSHG�E\�SDUWLFLSDQWV�DQG����RI�
WKHP� SURYLGHG� DQVZHUV�� 7KH� PDMRULW\� RI� SDUWLFLSDQWV� ZKR�
UHFHLYHG�606� UHPLQGHUV�QDPHG� WKHP�DV� WKHLU�PDLQ�FXH� WR�
DFWLRQ�����SDUWLFLSDQWV�LQ�WKH�5HPLQGHU�FRQGLWLRQ�DQG����LQ�
WKH�5	35���6HYHQ�SDUWLFLSDQWV�LQ�WKH�1	35�JURXS�DQG�ILYH�
LQ� WKH� &RQWURO� JURXS� UHSRUWHG� XVLQJ� WKHLU� RZQ� UHPLQGHUV��
ZKLFK� VKRZV� WKDW� LI� QR� H[SOLFLW� FXHV� DUH� SURYLGHG�� SHRSOH�
WHQG�WR�FKRRVH�WKHLU�RZQ��$FURVV�DOO�FRQGLWLRQV��SDUWLFLSDQWV�
JHQHUDOO\� UHSRUWHG�XVLQJ�SKRQH�DOHUWV��QRWHV�DQG�FDOHQGDUV��
RQH�SHUVRQ�VHW�WKH�ZDOOSDSHU�RQ�WKHLU�SKRQH�ZLWK�WKH�ZRUGV�
³VHQG� OXQFK� UHSRUW´� VR� WKDW� WKH\� ZRXOG� VHH� LW� HYHU\� WLPH�
WKH\�XVHG�WKHLU�SKRQH��3UHYLRXV�OXQFK�UHSRUWV�DOVR�VHUYHG�DV�
UHPLQGHUV�� DV� SDUWLFLSDQWV� VDZ� WKHP�ZKHQ� FRPSRVLQJ� DQG�
UHFHLYLQJ�RWKHU�PHVVDJHV��6RPH�SDUWLFLSDQWV� UHSRUWHG� UHO\�
LQJ�RQ�D�WULJJHU�HYHQW��WKH�OXQFK�LWVHOI��JRLQJ�WR�EHG�RU�HDW�
LQJ�EUHDNIDVW��WR�UHSRUW�D�SUHYLRXV�GD\¶V�OXQFK���(OHYHQ�SDU�
WLFLSDQWV� �IURP� DOO� FRQGLWLRQV� EXW� &RQWURO�� UHSRUWHG� WKDW�
VHQGLQJ� WH[W�PHVVDJHV� KDG� ³EHFRPH� D� KDELW´� RU� ³D� SDUW� RI�
P\�URXWLQH´��

Missing Positive Reinforcement Messages 
'XH�WR�WHFKQLFDO�LVVXHV��IRU�WKH�ILUVW�WZR�ZHHNV�RI�WKH�VWXG\�
SRVLWLYH�UHLQIRUFHPHQW�PHVVDJHV�ZHUH�QRW�DOZD\V�VHQW��DOW�
KRXJK� WKURXJKRXW� WKH� VWXG\� WKH� PDMRULW\� RI� SDUWLFLSDQWV�
������ UHFHLYHG� DW� OHDVW� ���� RI� FRQILUPDWLRQV� WKH\� ZHUH�
VXSSRVHG� WR� UHFHLYH��7KH� LVVXH� DIIHFWHG� DOO� FRQGLWLRQV�� DOW�
KRXJK�XVXDOO\�D�PLVVHG�FRQILUPDWLRQ�ZDV�SUHFHGHG�RU� IRO�
ORZHG� E\� D� GD\�ZKHQ� WKH�PHVVDJH�ZDV� VHQW�� )LYH� SDUWLFL�
SDQWV��IRXU�IURP�5	35�JURXS�DQG�RQH�IURP�1	35��GLG�QRW�

http:F(2,90)=1.87
http:F(1,90)=1.94
http:F(2,90)=15.46
http:F(2,90)=1.32
http:F(1,90)=6.39
http:F(2,90)=10.65
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UHFHLYH� FRQILUPDWLRQV� IRU� WKUHH� GD\V� LQ� D� URZ� DQG� RQH�
SDUWLFLSDQW��1	35��GLG�QRW�UHFHLYH�WKHP�IRU�IRXU�GD\V��

'LVFXVVLRQ��
%DVHG� RQ� WKH� OLWHUDWXUH�� ZH� K\SRWKHVL]HG� WKDW� UHO\LQJ� RQ�
FXHV��HVSHFLDOO\�RQ�WULJJHU�HYHQWV��ZRXOG�HIIHFWLYHO\�VXSSRUW�
WKH�GHYHORSPHQW�RI�DXWRPDWLFLW\��:KLOH�WKLV�ZDV�VXSSRUWHG�
E\�WKH�GDWD��SDUWLFLSDQWV�XVLQJ�WULJJHU�HYHQWV�DV�FXHV�WHQGHG�
WR�IRUJHW�PRUH�RIWHQ�±�DGKHUHQFH�ZDV�EHWWHU�ZLWK�UHPLQGHUV��
7KLV� LV�QRW� VXUSULVLQJ�� DV�KDELWV� WDNH� WLPH� WR�GHYHORS� >��@��
1HYHUWKHOHVV��WKH�IRXU�ZHHNV�RI�WKH�VWXG\�ZHUH�ORQJ�HQRXJK�
WR� REVHUYH� WKDW� DXWRPDWLFLW\� GHYHORSHG� IDVWHU� IRU� SDUWLFL�
SDQWV�XVLQJ�WULJJHU�HYHQWV�WKDQ�WKRVH�UHO\LQJ�RQ�D�UHPLQGHU��
3DUWLFLSDQWV� IURP� UHPLQGHU� JURXSV� UHSRUWHG� WKH� ORZHVW� DX�
WRPDWLFLW\� VFRUHV�� ZKLFK� VXJJHVWV� WKDW� ZKLOH� UHPLQGHUV�
KHOSHG� WKHP�UHPHPEHU� WKH� WDVN�DQG�VWD\�HQJDJHG�ZLWK� WKH�
VWXG\�� WKH� WDVN�GLG�QRW�EHFRPH�D�KDELW��DV�KDELW�VWUHQJWK� LV�
DVVRFLDWHG�ZLWK�KLJK�DXWRPDWLFLW\�RI�EHKDYLRU�>����������@��
6LQFH�WKH�DXWRPDWLFLW\�ZDV�ORZHU�WKDQ�LQ�WKH�FRQWURO�JURXS��
LW� FRXOG�EH�DUJXHG� WKDW�� LQ� WKLV�FDVH�� UHPLQGHUV�PLJKW�KDYH�
KLQGHUHG�KDELW�GHYHORSPHQW��$V�SDUWLFLSDQWV�OHDUQHG�WR�UHO\�
RQ�UHPLQGHUV�DQG�UHVSRQG�RQO\�ZKHQ�SURPSWHG��WKH\�KDG�QR�
UHDVRQ�WR�WU\�WR�UHPHPEHU�RQ�WKHLU�RZQ��

:H� DOVR� K\SRWKHVL]HG� WKDW� SRVLWLYH� UHLQIRUFHPHQW� ZRXOG�
VXSSRUW� WKH� GHYHORSPHQW� RI� DXWRPDWLFLW\� UHJDUGOHVV� RI� WKH�
W\SH�RI�FXHV��EXW�WKH�RSSRVLWH�WXUQHG�RXW�WR�EH�WUXH��JURXSV�
ZLWKRXW� SRVLWLYH� UHLQIRUFHPHQW� KDG� EHWWHU� UHVXOWV�� $V� WKH�
PHVVDJHV� ZHUH� LQVSLUHG� E\� >��@�� VRPH� SDUWLFLSDQWV� PLJKW�
KDYH� IRXQG� WKHLU� HQWKXVLDVWLF� QDWXUH� WRR� DQQR\LQJ�� ZKLFK�
PLJKW� KDYH� LQIOXHQFHG� WKH� UHVXOWV�� 0RUHRYHU�� VLQFH� WKH\�
ZHUH� DXWRPDWLF� �DOWKRXJK� GHOLYHUHG� ZLWK� D� GHOD\��� WKH\�
PLJKW� KDYH� EHHQ� SHUFHLYHG� DV� QRW� JHQXLQH�� 7KH� WHFKQLFDO�
LVVXHV�UHSRUWHG�DERYH�PLJKW�DOVR�KDYH�KDG�DQ�LPSDFW�RQ�WKH�
UHVXOWV�EXW�WKHVH�VHHP�XQOLNHO\�WR�H[SODLQ�ZK\�SRVLWLYH�UHLQ�
IRUFHPHQW�PHVVDJHV�KDG�WKH�VPDOO�EXW�RSSRVLWH�HIIHFW�WR�WKH�
RQH�ZH�SUHGLFWHG��,QGHHG��DV� WKH�UROH�RI�SRVLWLYH�UHLQIRUFH�
PHQW�LQ�KDELW�IRUPDWLRQ�LV�WR�VXSSRUW�UHSHWLWLRQ��WKH�DLP�ZDV�
WR� DFNQRZOHGJH� WKDW� D� OXQFK� UHSRUW� ZDV� UHFHLYHG� DQG� WR�
HYRNH�SRVLWLYH�IHHOLQJV��RFFDVLRQDO�PLVVHG�PHVVDJHV�GLG�QRW�
LQWHUIHUH� ZLWK� WKLV� DLP�� DV� EHLQJ� UHZDUGHG� �L�H�� UHFHLYLQJ�
SRVLWLYH� UHLQIRUFHPHQW�� ZDV� QRW� WKH� SDUWLFLSDQWV¶� JRDO�� $V�
SDUWLFLSDQWV� ZHUH� LQWHUHVWHG� LQ� XQGHUVWDQGLQJ� WKHLU� HDWLQJ�
KDELWV�� LQWULQVLF� PRWLYDWLRQ� ZDV� DOUHDG\� SUHVHQW�� ZKLFK�
FRXOG�H[SODLQ�WKH�ODFN�RI�HIIHFW�RI�FRQILUPDWLRQ�PHVVDJHV��

7KH�FKRLFH�RI�D�WULJJHU�WDVN�DOVR�PLJKW�KDYH�LQIOXHQFHG�WKH�
RXWFRPHV�RI�WKH�VWXG\��,W�FRXOG�EH�DUJXHG�WKDW�WKH�WDVN�ZDV�
DUWLILFLDO�� KRZHYHU�� ZKLOH� WH[WLQJ� DIWHU� OXQFK� LV� QRW� VRPH�
WKLQJ�SHRSOH�ZRXOG�ZDQW�WR�WXUQ�LQWR�D�KDELW��LQ�WKLV�FDVH�LW�
ZDV� OLQNHG� ZLWK� VSHFLILF� EHQHILWV�� 3DUWLFLSDQWV� ZHUH� PRWL�
YDWHG� WR� UHSRUW� WKHLU� OXQFKHV� WR� XQFRYHU� WKHLU� HDWLQJ� SDW�
WHUQV�� WKH�PRUH�LQIRUPDWLRQ�WKH\�SURYLGHG��WKH�PRUH�XVHIXO�
WKHLU�ZHHNO\�OXQFK�VXPPDULHV�ZHUH��0RUHRYHU��WKH�IDFW�WKDW�
WKH�WDVN�ZDV�QRW�D�³UHDO´�KDELW�IXUWKHU�HPSKDVL]HV�WKH�EHQH�
ILWV�RI�HYHQW�EDVHG�FXHV�DQG�VXJJHVWV�WKDW�WKH\�PD\�EH�HYHQ�
PRUH�HIIHFWLYH�ZKHQ�WKH�WDVN�LV�PHDQLQJIXO�DQG�SHRSOH�DUH�
WU\LQJ�WR�GHYHORS�D�QHZ��GHVLUDEOH�KDELW��

&RQFOXVLRQ��
5HVXOWV�VKRZ�WKDW�ZKLOH�HYHQW�EDVHG�FXHV�VXSSRUWHG�WKH�GH�
YHORSPHQW� RI� DXWRPDWLFLW\�� LW�PLJKW� GHYHORS� WRR� VORZO\� WR�
PDNH�WKLV�DSSURDFK�HIIHFWLYH�RQ�LWV�RZQ��2Q�WKH�RWKHU�KDQG��
WLPH�EDVHG� FXHV� �UHPLQGHUV�� NHSW� SHRSOH� HQJDJHG� DQG�
KHOSHG�WKHP�UHSHDW�WKH�EHKDYLRU��+RZHYHU��WKH\�FRXOG�KLQ�
GHU�WKH�GHYHORSPHQW�RI�DXWRPDWLFLW\�DV�SHRSOH�OHDUQ�WR�UHO\�
RQ�UHPLQGHUV�LQVWHDG�RI�WU\LQJ�WR�UHPHPEHU�E\�WKHPVHOYHV��
,Q� DGGLWLRQ�� SRVLWLYH� UHLQIRUFHPHQW�PHVVDJHV� DSSHDU� WR� EH�
LQHIIHFWLYH��7KH�SURFHVV�RI�KDELW�IRUPDWLRQ�LV�FRPSOH[�DQG�
WKH� UHVXOWV� VXJJHVW� WKDW� SHRSOH� FRXOG� EHQHILW� IURP� PRUH�
VXSSRUW�� 6PDUWSKRQH� DSSV�� ZLWK� WKHLU� XELTXLW\�� SHUVRQDO�
QDWXUH�DQG�FDSDELOLWLHV��KDYH�WKH�SRWHQWLDO�WR�KHOS��

678'<��,,���5(9,(:��2)��+$%,7��)250$7,21��$336��
+XQGUHGV� RI� KDELW� IRUPDWLRQ� DSSV� DUH� FXUUHQWO\� DYDLODEOH�
DQG�FDQ�EH�GRZQORDGHG�ZLWK�D� VLQJOH�FOLFN��5HVXOWV�RI�RXU�
SUHYLRXV� VWXG\� DQG� H[LVWLQJ� GHVLJQ� UHFRPPHQGDWLRQV� IRU�
GHVLJQLQJ�DSSV� WKDW� VXSSRUW�XVHUV¶�GDLO\� URXWLQHV� >��@� VXJ�
JHVW�WKDW�HIIHFWLYH�DSSV�VKRXOG�DOORZ�XVHUV� WR�VHOHFW� WULJJHU�
HYHQWV�WKDW�ZRXOG�VHUYH�DV�FXHV�DQG�KHOS�PDLQWDLQ�UHSHWLWLRQ�
XQWLO�D�KDELW�LV�IRUPHG��+RZHYHU��KDELW�IRUPDWLRQ�DSSV�KDYH�
QRW�EHHQ�HYDOXDWHG�E\�DFDGHPLF�UHVHDUFKHUV�DQG�WKHLU�HIIHF�
WLYHQHVV�RU�WKHRUHWLFDO�JURXQGLQJ�DUH�QRW�NQRZQ��7KHUHIRUH��
ZH�FRQGXFWHG�D�VWXG\�WR�LQYHVWLJDWH�ZKDW�IXQFWLRQDOLW\�WKH\�
RIIHU�� $V� KDELW� IRUPDWLRQ� LV� SDUW� RI� D� EURDGHU� EHKDYLRU�
FKDQJH�SURFHVV�� WKH� VWXG\� H[SORUHG�ZKHWKHU� WKH� DSSV�ZHUH�
JURXQGHG� LQ� ERWK� KDELW� IRUPDWLRQ� DQG� EHKDYLRU� FKDQJH�
UHVHDUFK��

0HWKRG��
7KH�NH\ZRUG�³KDELW´�ZDV�XVHG�WR�VHDUFK�IRU�KDELW�IRUPDWLRQ�
DSSV�LQ�WKH�8.�YHUVLRQ�RI�$SSOH�L7XQHV�6WRUH��KWWS���ZZZ��
DSSOH�FRP�LWXQHV��� DQG� *RRJOH� 3OD\� �KWWSV���SOD\�JRRJOH��
FRP�VWRUH�DSSV��� 7KH� VHDUFK�ZDV� FRQGXFWHG� LQ� $SULO� �����
DQG� UHWXUQHG� ���� DSSV� ����� IRU� L3KRQHV� DQG� ���� IRU� $Q�
GURLG� SKRQHV��� 5HVXOWV� ZHUH� VFDQQHG� WR� LGHQWLI\� DSSV� GH�
VLJQHG�VSHFLILFDOO\�WR�VXSSRUW�WKH�GHYHORSPHQW�RI�QHZ�KDE�
LWV��7KH�IROORZLQJ�W\SHV�RI�DSSV�ZHUH�H[FOXGHG�DV�WKH\�GLG�
QRW� VXSSRUW� KDELW� IRUPDWLRQ�� KDELW� FHVVDWLRQ� DSSV�� JHQHUDO�
EHKDYLRU� FKDQJH� DSSV�� IRRG� DQG� DFWLYLW\� WUDFNHUV�� H[HUFLVH�
URXWLQHV��ERRNV�DERXW�KDELWV��DQG�UHVHDUFK�DSSV�WKDW�UHTXLUH�
UHJLVWUDWLRQ� FRGHV��$SSV� IRU� WDEOHWV� DQG� DSSV� QRW� DYDLODEOH�
LQ� (QJOLVK�ZHUH� DOVR� H[FOXGHG�� ,Q� WKH� HQG�� ���� DSSV�ZHUH�
VHOHFWHG�DV� UHOHYDQW�����$QGURLG�DSSV�DQG���� L3KRQH�DSSV��
6L[� DSSV�ZHUH� DYDLODEOH� IRU� ERWK� SODWIRUPV�� EXW� VLQFH� WKH\�
KDG�LGHQWLFDO�GHVFULSWLRQV��WKH\�ZHUH�FRXQWHG�RQO\�RQFH��

$� OLVW� RI� IHDWXUH� FDWHJRULHV�ZDV� FUHDWHG� EDVHG� RQ� GHVFULS�
WLRQV� RI� ��� LGHQWLILHG� DSSV� ���� IURP� HDFK� DSS� VWRUH���$SS�
IHDWXUHV�ZHUH� OLVWHG� LQ� GHWDLO� DQG� JURXSHG� LQWR� ��� EURDGHU�
IHDWXUH� FDWHJRULHV��7KHVH� FDWHJRULHV�ZHUH� ODWHU� XVHG� LQ� WKH�
PDLQ�GDWD�FROOHFWLRQ�SKDVH�DQG� IRU�HDFK�RI� WKH����� LGHQWL�
ILHG� DSSV� WKHLU� SUHVHQFH� ZDV� QRWHG�� 6XSSRUWLQJ� IHDWXUHV��
VXFK�DV�EDFNXSV��GDWD�H[SRUW�RU�SDVVZRUG�SURWHFWLRQ��ZHUH�
DOVR� QRWHG�� EXW� ZHUH� H[FOXGHG� IURP� WKH� DQDO\VLV� DV� WKH\�
ZHUH�QRW�GLUHFWO\�UHODWHG�WR�KDELW�IRUPDWLRQ��
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7R� DVVHVV� ZKHWKHU� WKH� DSSV� VXSSRUW� KDELW� IRUPDWLRQ�� ZH�
FRGHG�IRU�ZKHWKHU�WKH�IHDWXUHV�RI�WKH�DSSV�VXSSRUWHG�WKH�XVH�
RI� FRQWH[WXDO� FXHV�� KHOSHG� WR� IRUP� LPSOHPHQWDWLRQ� LQWHQ�
WLRQV� RU� SURYLGHG� SRVLWLYH� UHLQIRUFHPHQW�� 7KH� DVVHVVPHQW�
ZDV�GRQH�E\�WKH�ILUVW�DXWKRU�DQG�GLVFXVVHG�ZLWK�FROOHDJXHV��
1H[W��VLQFH�KDELW� IRUPDWLRQ� LV�D�SDUW�RI� WKH�ZLGHU�EHKDYLRU�
FKDQJH� SURFHVV�� IHDWXUHV� ZHUH� DOVR� PDWFKHG� ZLWK� FRUUH�
VSRQGLQJ� EHKDYLRU� FKDQJH� WHFKQLTXHV� IURP� %HKDYLRU�
&KDQJH�7HFKQLTXHV�7D[RQRP\� >��� ��@��%DVHG�RQ� WKH�7D[�
RQRP\�� D� OLVW� RI� WHFKQLTXHV� WKDW� FRXOG� EH� GHOLYHUHG� E\�
VPDUWSKRQH�DSSV�ZDV�FUHDWHG��,WHPV�IURP�WKH�OLVW�ZHUH�WKHQ�
PDWFKHG�ZLWK� IXQFWLRQDOLW\�E\� WKH� ILUVW� DXWKRU��7R�YDOLGDWH�
WKH�UHVXOWV��PDWFKLQJ�WHFKQLTXHV�ZHUH�SUHVHQWHG�DV�D� OLVW� WR�
WZR� RWKHU� UHVHDUFKHUV� ZKR� ZHUH� DVNHG� WR� LQGHSHQGHQWO\�
PDWFK�WKHP�ZLWK�IXQFWLRQDOLW\�E\�VHOHFWLQJ�XS�WR�WKUHH�WHFK�
QLTXHV�WKDW�FRXOG�EH�VXSSRUWHG�E\�HDFK�IHDWXUH��

)LQGLQJV��

Functionality 
)LJXUH���VXPPDUL]HV�IHDWXUH�FDWHJRULHV�RI�WKH�����LGHQWLILHG�
KDELW� IRUPDWLRQ� DSSV�� 7KH� PRVW� SRSXODU� IHDWXUH� ZDV� WDVN�
WUDFNLQJ��L�H��UHFRUGLQJ�GDLO\�ZKHWKHU�D� WDVN�KDV�EHHQ�FRP�
SOHWHG�� LW� ZDV� DYDLODEOH� LQ� ���� RI� WKH� DSSV�� )RUW\� DSSV�
������ DOORZHG� XVHUV� WR� VHW� RYHUDOO� JRDOV� WKDW� FRXOG� EH�
DFKLHYHG� WKURXJK� GHYHORSPHQW� RI� VSHFLILF� KDELWV� �H�J�� LI�
ZULWLQJ�D�ERRN�ZDV�D�JRDO��QHZ�KDELWV� LQFOXGHG�ZDNLQJ�XS�
HDUO\�� ZULWLQJ� IRU� DQ� KRXU� HYHU\� GD\�� HWF��� DQG� ��� DSSV�
������ SURYLGHG� RSWLRQV� IRU� WUDFNLQJ� WKH� SURJUHVV� WRZDUGV�
WKH� RYHUDOO� JRDO�� VXFK� DV� SURJUHVV� EDUV�� *UDSKV� DQG� VWDWV�
������DQG�FDOHQGDUV�������ZHUH�DOVR�DYDLODEOH� WR�KHOS�XV�
HUV�PRQLWRU�WKHLU�EHKDYLRU��

$SSV� DOVR� RIIHUHG� IHDWXUHV� WKDW� HQFRXUDJH� UHSHWLWLRQ�� UH�
PLQGHUV��������JDPH�HOHPHQWV�VXFK�DV�SRLQWV�DQG�UHZDUGV�
������� SHHU� VXSSRUW� DQG� IHHGEDFN� ����� RU� YLVXDO� FXHV� RQ�
WKH� VPDUWSKRQH¶V� KRPH� VFUHHQ� ������ 7R� NHHS� XVHUV� HQ�
JDJHG�� WKH\�DOORZHG� WKHP� WR�DGG�QRWHV� ������DQG�SLFWXUHV�
UHPLQGLQJ�RI�WKH�WDVN�������DQG�HQWHU�VWDWHPHQWV�DERXW�WKH�
JRDO� RU� UHDG� PRWLYDWLRQDO� TXRWHV� ������ 6RPH� DSSV� ������
DOVR�SURYLGHG�D�OLEUDU\�RI�KDELWV��ZKHUH�XVHUV�FRXOG�VHOHFW�D�
SUHGHILQHG�KDELW�RU�ILQG�DQ�LQVSLUDWLRQ�RI�ZKDW�W\SH�RI�KDE�
LWV�WKH\�FRXOG�GHYHORS�DQG�KRZ�EHVW�WR�GHILQH�WKHP��

2QO\� WKUHH� DSSV� ����� IRFXVHG� RQ� KHOSLQJ� SHRSOH� GHILQH�
FRQWH[WXDO� FXHV� DQG� ILW� WKH� QHZ� KDELW� LQWR� WKHLU� GDLO\� URX�
WLQH�� 7ZR� DSSV� SURYLGHG� D� VWHS�E\�VWHS� JXLGDQFH� WR� KHOS�
XVHUV�GHYHORS�D�PRUQLQJ�URXWLQH��H�J�����ZDNH�XS�����PHGL�
WDWH�� ��� HDW� EUHDNIDVW�� ���ZULWH� IRU� DQ� KRXU��� 7KH� WKLUG� DSS�
FORVHO\� IROORZHG� UHFRPPHQGDWLRQV� IURP� WKH� OLWHUDWXUH�� IRU�
HDFK� KDELW�� XVHUV� KDG� WR� VSHFLI\� D� FXH� �H�J��ZDNLQJ� XS��� D�
QHZ� URXWLQH� WKH\� ZDQWHG� WR� GHYHORS� WKDW� ZDV� OLQNHG� WR� D�
WULJJHU�HYHQW��H�J��UHDGLQJ�D�ERRN�DIWHU�HDWLQJ�EUHDNIDVW��DQG�
D� ZD\� WKH\� ZRXOG� UHZDUG� WKHPVHOYHV� IRU� FRPSOHWLQJ� WKH�
WDVN��H�J��E\�HDWLQJ�D�SLHFH�RI�FKRFRODWH���+RZHYHU��WKH�DSS�
VWLOO� SURYLGHG� WUDFNLQJ� RSWLRQV� DQG� XVHUV�ZHUH� H[SHFWHG� WR�
UHFRUG�DQG�WUDFN�WKHLU�EHKDYLRU��

Figure 3. Functionality of habit formation apps (N=115) 

Habit Formation Support 
:KHQ�DVVHVVHG�DJDLQVW�WKH�KDELW�IRUPDWLRQ�OLWHUDWXUH��RQO\�D�
IHZ�IHDWXUHV�RI�KDELW�IRUPDWLRQ�DSSV�SURYLGHG�UHOHYDQW�VXS�
SRUW� �VHH�7DEOH���RYHUOHDI���/LWHUDWXUH�DQG�6WXG\� ,� VXJJHVW�
WKDW� FRQWH[WXDO� FXHV�� WULJJHU� HYHQWV� DQG�� WR� D� OHVVHU� H[WHQW��
SRVLWLYH� UHLQIRUFHPHQW� VXSSRUW� KDELW� IRUPDWLRQ�� IHDWXUHV�
WKDW�FRXOG�VXSSRUW�WKHVH�IDFWRUV�ZHUH�JHQHUDOO\�ODFNLQJ��

$PRQJ� IHDWXUHV� WKDW� GLG� VXSSRUW� KDELW� IRUPDWLRQ�� WKRVH�
SURYLGLQJ� SRVLWLYH� UHLQIRUFHPHQW� ZHUH� WKH� PRVW� FRPPRQ��
HYHQ� WKRXJK� LW� LV� WKH� OHDVW� LPSRUWDQW� IDFWRU� LQ� WKH�GHYHORS�
PHQW� RI� DXWRPDWLFLW\� DQG� PDGH� QR� GLIIHUHQFH� LQ� 6WXG\� ,��
6RPH� DSSV� SURYLGHG� IHDWXUHV� WKDW� FRXOG� VHUYH� DV� FXHV� WR�
DFWLRQ�� DOWKRXJK� WKH\� ZHUH� PRVWO\� VPDUWSKRQH�EDVHG� �H�J��
PHPRUDEOH� SLFWXUHV�� LFRQV��� 7KH\�PDGH� WKH� QHZ� EHKDYLRU�
GHSHQG�RQ� WKH�SUHVHQFH�RI� WKH�VPDUWSKRQH� LQVWHDG�RI�KHOS�
LQJ�XVHUV�EXLOG�DVVRFLDWLRQV�EHWZHHQ�WKH�WDVN�DQG�FRQWH[WXDO�
FXHV��([SOLFLW� URXWLQH� VXSSRUW� DQG� IHDWXUHV� WKDW� KHOS� WR� VH�
OHFW� PHDQLQJIXO� FXHV� WR� DFWLRQ� DQG� IRUP� LPSOHPHQWDWLRQ�
LQWHQWLRQV� ZHUH� VHOGRP� DYDLODEOH�� HYHQ� WKRXJK� WKLV� LV� WKH�
PRVW�LPSRUWDQW�IDFWRU�LQ�VXSSRUWLQJ�KDELW�IRUPDWLRQ��

Behavior Change Techniques 
7DEOH���DOVR�SUHVHQWV�DSSV�IXQFWLRQDOLW\�ZLWK�FRUUHVSRQGLQJ�
EHKDYLRU�FKDQJH�WHFKQLTXHV��DQG�H[DPSOHV�RI�DSSV�WKDW�SUR�
YLGH� WKHVH� IHDWXUHV���7KH�PDMRULW\�RI�DSSV� IRFXVHG�RQ�VXS�
SRUWLQJ�VHOI�PRQLWRULQJ�� WUDFNLQJ�RZQ�EHKDYLRU�DQG�UHFHLY�
LQJ� IHHGEDFN�� 8VHUV� ZHUH� DEOH� WR� UHFRUG� HDFK� WLPH� WKH\�
FRPSOHWHG�WKH�WDVN��YLHZ�KRZ�PDQ\�WLPHV�WKH\�GLG�LW�LQ�WKH�
SDVW� ZLWKRXW� DQ\� EUHDNV� RU� WUDFN� WKHLU� SURJUHVV� WRZDUGV�
JRDOV�� :KLOH� VHOI�WUDFNLQJ� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH�
EHKDYLRU�FKDQJH�SURFHVV� >�@�� LW�GRHV�QRW� VXSSRUW�KDELW� IRU�
PDWLRQ�DQG�LW�GRHV�QRW�KHOS�WR�HPEHG�WKH�QHZ�EHKDYLRU�LQWR�
D�GDLO\�URXWLQH��0RUHRYHU��LW�LV�RQO\�HIIHFWLYH�LI�WKH�PRQLWRU�
LQJ�EHKDYLRU�LV�PDLQWDLQHG�DQG�RQFH�WKH�WUDFNLQJ�DQG�PRQL�
WRULQJ� VWRSV� �H�J��ZKHQ� WKH�DSS�VWRSV�ZRUNLQJ�RU�XVHUV�JHW�
ERUHG�� WKH� EHKDYLRU� FDQ� UHYHUW� WR� SUH�LQWHUYHQWLRQ� OHYHOV�
>����������@��

$SSV� DOVR� SURYLGHG� IHDWXUHV� WKDW� KHOS� WR�PDLQWDLQ�PRWLYD�
WLRQ�� VXFK� DV� SRVLWLYH� UHLQIRUFHPHQW�� JRDO� VHWWLQJ�� UHZDUGV�
DQG� LQFHQWLYHV�� DQG� SRVLWLYH� VHOI�WDON�� +LJK� PRWLYDWLRQ� LV�
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Functionality Habit formation 
elements 

Behavior change techniques Examples apps 

7DVN�WUDFNLQJ� � 6HOI�PRQLWRULQJ��)HHGEDFN�RQ�EHKDYLRU� 'DLO\�+DELWD�

5HPLQGHUV� � 3URPSWV���FXHV� +HDOWK\�+DELWVL�

*UDSKV�	�VWDWV� � )HHGEDFN�RQ�EHKDYLRU�DQG�LWV�RXWFRPHV��6HOI�
PRQLWRULQJ�

:D\�RI�/LIHL�

*RDO�VHWWLQJ� � *RDO�VHWWLQJ� +DELW)ORZD�

&DOHQGDUV� � )HHGEDFN�RQ�EHKDYLRU��6HOI�PRQLWRULQJ��*RDO�VHWWLQJ� +DELW�&DOHQGDUD�

*RDO�SURJUHVV�WUDFNLQJ� � )HHGEDFN�RQ�RXWFRPHV�RI�EHKDYLRU��6HOI�PRQLWRULQJ� 6WULGHVL�

5HZDUGV���SRLQWV� 3RVLWLYH�UHLQIRUFHPHQW� 5HZDUGV�	�LQFHQWLYHV� +DELW�53*LD�

1RWHV� � 3URPSWV���FXHV� $Q\�+DELWL�

+DELWV�OLEUDU\� � *RDO�VHWWLQJ��$FWLRQ�SODQQLQJ� 7KH�)DEXORXVD�

3LFWXUHV� &XHV� 3RVLWLYH�VHOI�WDON��5HZDUGV�	�LQFHQWLYHV��3URPSWV���
FXHV�

7KH�+DELW�)DFWRULD�

0RWLYDWLRQDO�TXRWHV���RZQ�
VWDWHPHQWV�

3RVLWLYH�UHLQIRUFHPHQW� 3RVLWLYH�VHOI�WDON��5HZDUGV�	�LQFHQWLYHV� *RRG�+DELW�0DNHUL�

3HHU�VXSSRUW���IHHGEDFN� � 6RFLDO�VXSSRUW��)HHGEDFN�RQ�EHKDYLRU� /LIWLD�

9LVXDO�FXHV�RQ�KRPH�VFUHHQ� &XHV� 3URPSWV���FXHV��)HHGEDFN�RQ�EHKDYLRU� ��:HHN�+DELWD�

5RXWLQH�FUHDWLRQ� ,PSOHPHQWDWLRQ�LQWHQWLRQV� $FWLRQ�SODQQLQJ��*RDO�VHWWLQJ� +DELWXDO�)UHHL�

Table 2. Apps functionality with corresponding elements of habit formation, behavior change techniques, and examples of 
apps that provide such functionality. Apps marked with i�are available for iOS and with a�for Android phones. 

QHHGHG�WR�VWDUW�WKH�QHZ�EHKDYLRU�DQG�FRQWLQXH�UHSHDWLQJ�LW��
KRZHYHU�� WKH� UROH� RI�PRWLYDWLRQ� GHFUHDVHV� DV� WKH� EHKDYLRU�
EHFRPHV�DXWRPDWLF�>������@��7KH�SUHVHQFH�RI�WKHVH�IHDWXUHV�
VXJJHVWV�WKDW�DSSV�ZHUH�GHVLJQHG�WR�VXSSRUW�PRWLYDWLRQ��DQG�
DV�D�UHVXOW��KDELW�VXSSRUW�ZDV�VHOGRP�DYDLODEOH��

'LVFXVVLRQ��
7KH� IXQFWLRQDOLW\� UHYLHZ� VKRZHG� WKDW� DSSV� SULPDULO\� IR�
FXVHG�RQ�SURYLGLQJ�IHDWXUHV�WKDW�VXSSRUW�VHOI�WUDFNLQJ��WKH\�
GLG�QRW�VHHP�WR�EH�GHVLJQHG�WR�H[SOLFLWO\�VXSSRUW�KDELW�IRU�
PDWLRQ��6HOI�PRQLWRULQJ� LV� LPSRUWDQW� LQ� WKH� HDUO\� VWDJHV�RI�
WKH�EHKDYLRU�FKDQJH�SURFHVV�DQG� LV�RIWHQ�XVHG� LQ� LQWHUYHQ�
WLRQV�>�@�DV�LW�KHOSV�SHRSOH�XQGHUVWDQG�WKHLU�EHKDYLRU��VHW�UH�
DOLVWLF�JRDOV��PRQLWRU�SURJUHVV�DQG�PDLQWDLQ�PRWLYDWLRQ� >���
��@��+RZHYHU�� LW�GRHV�QRW�KHOS� WKHP� IRUP�DVVRFLDWLRQV�EH�
WZHHQ�WKH�WDVN�DQG�WKH�HQYLURQPHQW��QRU�GRHV�LW�VXSSRUW�WKH�
GHYHORSPHQW� RI� DXWRPDWLFLW\��8VLQJ� WKH� DSS� WR� WUDFN� WKHLU�
RZQ�EHKDYLRU�PD\�KHOS�XVHUV�VHH�WUHQGV��EXW�WKHUH�LV�D�GDQ�
JHU� WKDW� LW�PLJKW�DOVR� WHDFK�WKHP�WR�GHSHQG�RQ�WHFKQRORJ\��
3UHVHQFH�RI�UHPLQGHUV�DOVR�WHDFKHV�XVHUV�WR�UHO\�RQ�WKHP��DV�
GRHV� SRVLWLYH� UHLQIRUFHPHQW�� %HFDXVH� RI� WKLV� GHSHQGHQFH��
DSSV� WKDW� UHTXLUH� FRQVWDQW� HQJDJHPHQW� PLJKW� KLQGHU� WKH�
GHYHORSPHQW�RI�DXWRPDWLFLW\�RI�EHKDYLRU��

2QO\� ILYH� RXW� RI� ��� LGHQWLILHG� IHDWXUH� FDWHJRULHV� FRXOG� EH�
PDWFKHG�ZLWK� IDFWRUV� VXSSRUWLQJ� KDELW� IRUPDWLRQ� DQG� RQO\�
RQH�RI�WKHP�±�URXWLQH�FUHDWLRQ�±�FRXOG�KHOS�XVHUV�WR�ILQG�WKH�
ULJKW� WULJJHU�HYHQW��$W� WKH� VDPH� WLPH��DOO� IHDWXUHV�FRXOG�EH�
PDWFKHG�ZLWK�EHKDYLRU�FKDQJH�WHFKQLTXHV��ZKLFK�LV�HQFRXU�
DJLQJ�� EXW� DOVR� VXJJHVWV� D� ODFN� RI� XQGHUVWDQGLQJ� RI� KDELW�
IRUPDWLRQ�DQG�LWV�UROH�LQ�VXSSRUWLQJ�EHKDYLRU�FKDQJH��

*(1(5$/��',6&866,21��
:H�KDYH� UHSRUWHG� WKH� UHVXOWV� RI� D� ��ZHHN� VWXG\� H[SORULQJ�
KRZ� GLIIHUHQW� W\SHV� RI� FXHV� DQG� SRVLWLYH� UHLQIRUFHPHQW�
LQIOXHQFH� WKH�GHYHORSPHQW�RI�DXWRPDWLFLW\�� WRJHWKHU�ZLWK�D�
IXQFWLRQDOLW\�UHYLHZ�RI�����KDELW�IRUPDWLRQ�DSSV��5HVXOWV�RI�
6WXG\� ,� VKRZ� WKDW�ZKLOH� WKH� XVH� RI� HYHQW�EDVHG� FXHV� VXS�
SRUWHG� WKH� GHYHORSPHQW� RI� DXWRPDWLFLW\�� UHO\LQJ� RQ� WLPH�
EDVHG�FXHV�KHOSHG�SDUWLFLSDQWV�VWD\�HQJDJHG�DQG�VXSSRUWHG�
UHSHWLWLRQ��+RZHYHU�� UHPLQGHUV�GLG�QRW�SURYLGH� DQ\� LQFHQ�
WLYH�IRU�SDUWLFLSDQWV�WR�WU\�WR�UHPHPEHU�WR�FRPSOHWH�WKH�WDVN��
7KH� SRVLWLYH� UHLQIRUFHPHQW� ZH� SURYLGHG� DSSHDUHG� WR� EH�
LQHIIHFWLYH��2XU�VHFRQG�VWXG\�UHYHDOHG�WKDW�KDELW�IRUPDWLRQ�
DSSV� DUH� QRW� JURXQGHG� LQ� WKH�KDELW� OLWHUDWXUH�� LQVWHDG�� WKH\�
WHQG�WR�SURYLGH�IXQFWLRQDOLW\�WR�HQDEOH�WDFNLQJ�RI�WDVN�FRP�
SOHWLRQ�DQG�UHPLQGHUV��,Q�WKHLU�FXUUHQW�IRUP��KDELW�IRUPDWLRQ�
DSSV� GR� QRW� VXSSRUW� KDELW� IRUPDWLRQ�� +RZHYHU�� DSSV� GR�
KDYH� WKH�SRWHQWLDO� WR�GR� VR� LI� WKH\�DUH�GHVLJQHG� WR� VXSSRUW�
LGHQWLILFDWLRQ� RI� DQG� UHOLDQFH� RQ� WULJJHU� HYHQWV� UDWKHU� WKDQ�
UHOLDQFH�RQ�UHPLQGHUV�DQG�WUDFNLQJ��

'XH�WR�WKH�FKRLFH�RI�WKH�WULJJHU�HYHQW��HDWLQJ�OXQFK���6WXG\�
,�FRXOG�EH�VHHQ�DV�D�VLPXODWLRQ�RI�D�IRRG�WUDFNLQJ�DSS��7KH�
&RQWURO� DQG� 1	35� JURXSV� UHVHPEOH� µVWDQGDUG¶� WUDFNLQJ�
DSSV� ZKHUH� XVHUV� QHHG� WR� UHSRUW� FRPSOHWLRQ� RI� WKHLU� WDVN��
ZKLOH� 5HPLQGHU� DQG�5	35� JURXSV� LPLWDWH� D� WUDFNLQJ� DSS�
ZLWK�UHPLQGHUV��7ULJJHU�DQG�7	35�JURXSV�FRXOG�EH�VHHQ�DV�
KDELW� IRUPDWLRQ� DSSV� EDVHG� RQ� LPSOHPHQWDWLRQ� LQWHQWLRQV�
�RXU� UHYLHZ� KLJKOLJKWHG� WKDW� RQO\� WKUHH� DSSV� RIIHUHG� WKDW�
W\SH�RI�IXQFWLRQDOLW\���$V�KDELW�IRUPDWLRQ�VXSSRUW�DQG�WHFK�
QRORJ\� VROXWLRQV� LQ� ERWK� VWXGLHV� ZHUH� VLPLODU�� FRPELQHG�
UHVXOWV�SURYLGH�LQVLJKWV�LQWR�KRZ�WR�GHVLJQ�EHWWHU�DSSV��
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'HVLJQ��*XLGHOLQHV��IRU��+DELW��)RUPDWLRQ��$SSV��
,Q��WKLV��VHFWLRQ���ZH��SURYLGH��H[SOLFLW��JXLGDQFH��IRU��WKH��GHVLJQ��
RI��IXWXUH��KDELW��IRUPDWLRQ�DSSV���

Support  trigger  events��$OORZ��XVHUV�WR��IRUP��LPSOHPHQWDWLRQ��
LQWHQWLRQV�� DQG�� H[SOLFLWO\�� DVN�� WKHP�� WR�� VHOHFW� WULJJHU�� HYHQWV��
H�J���³,��ZLOO��GR��;��DIWHU��HDWLQJ��EUHDNIDVW´�� �VHH�� >��@�� IRU��PRUH��
LQIRUPDWLRQ��RQ��KRZ�� WKLV��FRXOG��EH��GRQH���0RQLWRU�� WKHLU��EH�
KDYLRU�� E\� DVNLQJ� ODWHU�� LI�� WKH�� WDVN� ZDV�� FRPSOHWHG�� ,I�� XVHUV��
NHHS�IRUJHWWLQJ���VXJJHVW��VHOHFWLQJ�D��GLIIHUHQW��WULJJHU��HYHQW����

Use  reminders  to  reinforce  implementation  intentions��5H�
PLQG�XVHUV�RI�WKHLU�LPSOHPHQWDWLRQ�LQWHQWLRQV��LQ��DGYDQFH��E\�
VHQGLQJ�� QRWLILFDWLRQV� before � WKHLU�� VHOHFWHG�� WULJJHU�� DFWLRQV���
H�J��³3OHDVH��UHPHPEHU��WR��GR��<��DIWHU��EUXVKLQJ��\RXU��WHHWK´��RU��
³'RQ¶W�� IRUJHW�� WR�� GR�� =�� EHIRUH�� JRLQJ�� WR�� VOHHS´��� 7KLV�� FRXOG��
KHOS�XVHUV�� IRUP�� DVVRFLDWLRQV�� EHWZHHQ�� WKH�� WDVN�� DQG�� LWV�� WULJ�
JHU���DQG�ZRXOG�HQFRXUDJH��WKHP��WR�UHPHPEHU��RQ�WKHLU��RZQ���
7R��HQVXUH��XVHUV��GR��QRW��EHFRPH��UHOLDQW��RQ��QRWLILFDWLRQV��WKH\��
VKRXOG�S� KDVH��RXW��ZLWK�W� LPH���

Avoid  features  that  teach  users  to  rely  on  technology. �5H�
PLQGHUV�� DQG�� VHOI�WUDFNLQJ�� WHDFK�� XVHUV�� WR�� UHO\�� RQ�� WKH�� WHFK�
QRORJLFDO��VROXWLRQ�DQG�FDQ�LQWHUIHUH��ZLWK�WKH��SURFHVV��RI��GH�
YHORSLQJ��DVVRFLDWLRQV��EHWZHHQ��FRQWH[WXDO�FXHV��DQG��WKH��WDVN��
7KH\�� VKRXOG�� QRW�� EH�� XVHG�� LQ�� KDELW�� IRUPDWLRQ�� DSSV�� DV�� WKH\��
KLQGHU��WKH��SURFHVV��RI��KDELW��IRUPDWLRQ���

/LPLWDWLRQV�DQG�)XWXUH�:RUN��
2Q��DYHUDJH���LW��WDNHV������GD\V��WR��IRUP��D��KDELW��>��@���+RZHYHU���
VLPSOH� WDVNV� EHFRPH� DXWRPDWLF� TXLFNHU� WKDQ� FRPSOH[� DF�
WLRQV��:H�DVVXPHG�WKDW�VHQGLQJ�DQ�606�ZDV�VLPSOH�HQRXJK�
WR�REVHUYH� DQ� LQFUHDVH� LQ� DXWRPDWLFLW\� LQ�RQO\� IRXU�ZHHNV��
:KLOH�RXU�DVVXPSWLRQ�WXUQHG�RXW�WR�EH�FRUUHFW��IXWXUH�ZRUN�
LQ�WKLV�DUHD�VKRXOG�YDOLGDWH�WKH�UHVXOWV�RYHU�ORQJHU�SHULRGV��

7KH�SRVLWLYH� UHLQIRUFHPHQW�ZH�SURYLGHG�ZDV�QRW�HIIHFWLYH��
SRVVLEO\� GXH� WR� WKH� ZD\� LW� ZDV� GHOLYHUHG� RU� LWV� FRQWHQW��
7HFKQLFDO�LVVXHV�H[SHULHQFHG�GXULQJ�WKH�ILUVW� WZR�ZHHNV�RI�
WKH� VWXG\�PLJKW� DOVR� KDYH� KDG� DQ� LPSDFW� E\� UHGXFLQJ� WKH�
HIILFDF\�RI�RXU�LQWHUYHQWLRQV��:H�GHFLGHG�WR�DQDO\]H�WKH�IXOO�
VWXG\� GDWD� EHFDXVH�PRVW� SDUWLFLSDQWV� UHFHLYHG�PRVW� RI� WKH�
PHVVDJHV��5HPRYLQJ�SDUWLFLSDQWV�ZKR�KDG�QRW�UHFHLYHG�DOO�
WH[W�PHVVDJHV�IURP�WKH�GDWD�VHW�ZRXOG�KDYH�PDGH�LW�GLIILFXOW�
WR�FRPSDUH�SRVLWLYH�UHLQIRUFHPHQW�FRQGLWLRQV�ZLWK�RWKHUV��,W�
ZRXOG� DOVR� UHTXLUH� OLPLWLQJ� GDWD� IURP� WKH� ZKROH� VWXG\� WR�
MXVW� WZR�ZHHNV��ZKLFK� LV� WRR�VKRUW�D�SHULRG� WR�PHDVXUH� WKH�
LPSDFW�RQ�KDELW�IRUPDWLRQ��0RUHRYHU��GDWD�ZRXOG�KDYH�EHHQ�
FRQIRXQGHG�E\�WKH�IDFW�WKDW�WKH�VWXG\�KDG�DOUHDG\�EHHQ�UXQ�
QLQJ�IRU�WZR�ZHHNV��:KLOH�KDELWV�FDQ�IRUP�ZLWKRXW�H[SOLFLW�
SRVLWLYH� UHLQIRUFHPHQW� >��@�� XQGHUVWDQGLQJ� LWV� OLQNV� ZLWK�
LQWULQVLF� UHZDUGV� DQG� WKH� GHYHORSPHQW� RI� DXWRPDWLFLW\�
UHTXLUHV�IXUWKHU�VWXGLHV��

&21&/86,216��
7KLV�SDSHU�PDNHV�WKUHH�FRQWULEXWLRQV�WKDW�DUH�RI�LQWHUHVW� WR�
WKH� &+,� FRPPXQLW\�� )LUVW�� ZH� VKRZ� KRZ� UHPLQGHUV� DQG�
WULJJHU� HYHQWV� LQIOXHQFH� KDELW� IRUPDWLRQ�� 6HFRQGO\�� ZH�
KLJKOLJKW� WKH� IDFW� WKDW� FXUUHQWO\� DYDLODEOH� KDELW� IRUPDWLRQ�

DSSV��DUH�QRW��JURXQGHG��LQ��WKH��KDELW��OLWHUDWXUH��DQG�GR�QRW��KHOS�
XVHUV�� DVVRFLDWH�� WKHLU�� QHZ�� EHKDYLRU��ZLWK� WULJJHU�� HYHQWV��� )L�
QDOO\��� ZH�� SUHVHQW�� GHVLJQ� JXLGHOLQHV�� IRU�� WHFKQRORJ\�EDVHG�
EHKDYLRU��FKDQJH��LQWHUYHQWLRQV��WKDW��VXSSRUW��KDELW��IRUPDWLRQ���

'HYHORSLQJ��DXWRPDWLFLW\��RI��D�QHZ��EHKDYLRU��FDQ��KHOS��WR��HQ�
VXUH��WKDW��WKH��FKDQJH�ZLOO��KDYH�ORQJ�ODVWLQJ��UHVXOWV��$V��KDELWV��
DUH�DQ��LPSRUWDQW�SDUW�RI��EHKDYLRU��FKDQJH��ZH��QHHG��WR��EHWWHU��
XQGHUVWDQG�KRZ�� WKH��PHFKDQLVPV��RI��KDELW�� IRUPDWLRQ��FDQ��EH�
IDFLOLWDWHG�� E\��PRELOH�� WHFKQRORJLHV��:H�� KDYH�� SUHVHQWHG� WKH��
UHVXOWV��RI��WZR��VWXGLHV��H[SORULQJ��KRZ��WHFKQRORJ\�FRXOG�VXS�
SRUW��KDELW��IRUPDWLRQ�DQG�RXWOLQHG��GHVLJQ��JXLGHOLQHV��WKDW�FDQ��
KHOS� XV�� PRYH�� DZD\� IURP�� VHOI�WUDFNLQJ�� DQG�� UHPLQGHUV�� %\��
VXSSRUWLQJ� FRQWH[WXDO�� FXHV�� DQG�� LPSOHPHQWDWLRQ�� LQWHQWLRQV���
DSSV�� DQG�� RWKHU�� EHKDYLRU�� FKDQJH� WHFKQRORJLHV�� FRXOG�� KHOS��
XVHUV�G� HYHORS��QHZ��ORQJ�ODVWLQJ�KDELWV������

$&.12:/('*0(176��
5HVHDUFK��IXQGHG��E\��WKH��8.��(365&�JUDQW��>(3�*��������@��
&+,�0('�� :H�� WKDQN�� FROOHDJXHV�� DW�� 8&/,&�� DQG�� WKH�
DQRQ\PRXV��UHYLHZHUV��IRU��WKHLU��YDOXDEOH��IHHGEDFN���

5()(5(1&(6��
��� $DUWV���+����3DXOXVVHQ���7����DQG��6FKDDOPD���+���3K\VLFDO��

H[HUFLVH�KDELW���RQ��WKH�FRQFHSWXDOL]DWLRQ�DQG�IRUPDWLRQ��
RI��KDELWXDO��KHDOWK�EHKDYLRXUV���Health  Education  
Research�������������������±������

��� %DQGXUD���$���6RFLDO��FRJQLWLYH��WKHRU\��RI��VHOI�UHJXODWLRQ���
Organizational  Behavior  and  Human  Decision  
Processes ��������������������±�������

��� %&7��7D[RQRP\������������%HKDYLRXU��&KDQJH��7HFKQLTXH��
7D[RQRP\���KWWS���ZZZ�EFW�WD[RQRP\�FRP���

��� &RQVROYR���6����.ODVQMD���3����0F'RQDOG���'�:����$YUDKDPL���
'����)URHKOLFK���-����/H*UDQG���/����«��/DQGD\���-�$���)ORZHUV��
RU��D��URERW��DUP\"���(QFRXUDJLQJ�DZDUHQHVV��	�D� FWLYLW\�
ZLWK��SHUVRQDO���PRELOH��GLVSOD\V���,Q�Proc.  UbiComp  2008��
$&0��3UHVV�������������±�����

��� &RZDQ���/�7����9DQ��:DJHQHQ���6�$����%URZQ���%�$����+HGLQ���
5�-����6HLQR�6WHSKDQ���<����+DOO���3�&����DQG��:HVW���-�+���$SSV��
RI��VWHHO���DUH��H[HUFLVH��DSSV��SURYLGLQJ�FRQVXPHUV�ZLWK�U� H�
DOLVWLF�H[SHFWDWLRQV"��$��FRQWHQW��DQDO\VLV��RI��H[HUFLVH�DSSV��
IRU��SUHVHQFH��RI�EHKDYLRU��FKDQJH��WKHRU\���Health  
Education  &  Behavior�������������������±������

��� 'D\HU���/����+HOGHQEUDQG���6����$QGHUVRQ���3����*XEELQV���3���
2����	��0DUWLQ���%���&���6PDUWSKRQH��PHGLFDWLRQ��DGKHUHQFH��
DSSV���3RWHQWLDO��EHQHILWV��WR��SDWLHQWV��DQG��SURYLGHUV���Jour-
nal  of  the  American Pharmacists  Association���������
�����������±������

��� 'HFL���(�/����.RHVWQHU���5����DQG��5\DQ���5�0���$�PHWD�DQD�
O\WLF�UHYLHZ�RI�H[SHULPHQWV�H[DPLQLQJ�WKH�HIIHFWV�RI�H[�
WULQVLF�UHZDUGV�RQ�LQWULQVLF�PRWLYDWLRQ��Psychological  
Bulletin����������������������±������

��� 'LFNLQVRQ���$���$FWLRQV��DQG��KDELWV���WKH��GHYHORSPHQW��RI��
EHKDYLRXUDO��DXWRQRP\���Philosophical  Transactions  of  
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the Royal Society of London. B, Biological Sciences��
����������������������±�����

��� )UHH���&����3KLOOLSV���*����:DWVRQ���/����*DOOL���/����)HOL[��/���
(GZDUGV���3����«�+� DLQHV���$���7KH��HIIHFWLYHQHVV��RI��PRELOH�
KHDOWK�WHFKQRORJLHV��WR�LPSURYH��KHDOWK�FDUH��VHUYLFH��GHOLY�
HU\��SURFHVVHV���D�V\VWHPDWLF�UHYLHZ��DQG��PHWD�DQDO\VLV���
PLoS  Medicine�����������������±������

��� )RJJ��%��:D\V��WR�FHOHEUDWH��WLQ\�VXFFHVVHV��UHWULHYHG��
����������IURP��ZZZ�VOLGHVKDUH�QHW�WLQ\KDELWV�GU�EM�
IRJJ�ZD\V�WR�FHOHEUDWH�WLQ\�VXFFHVVHV��

��� *DUGQHU���%����$EUDKDP���&����/DOO\���3����	��GH��%UXLMQ���*��-���
7RZDUGV��SDUVLPRQ\��LQ��KDELW��PHDVXUHPHQW���WHVWLQJ��WKH��
FRQYHUJHQW��DQG��SUHGLFWLYH�YDOLGLW\��RI��DQ��DXWRPDWLFLW\��
VXEVFDOH��RI��WKH��6HOI�5HSRUW��+DELW��,QGH[���The  Interna-
tional Journal of Behavioral Nutrition and Physical Ac-
tivity����������������������

��� *ROOZLW]HU���3���,PSOHPHQWDWLRQ��,QWHQWLRQV���6WURQJ��(IIHFWV��
RI��6LPSOH��3ODQV���American  Psychologist����������������
���±������

��� *X\QQ���0�-����0F'DQLHO���0�$���	��(LQVWHLQ���*�2���
3URVSHFWLYH�PHPRU\��ZKHQ�UHPLQGHUV�IDLO��Memory  &  
Cognition�������������������±�����

���.ODVQMD��3���&RQVROYR��6���DQG�3UDWW��:��+RZ�WR�HYDOXDWH�
WHFKQRORJLHV�IRU�KHDOWK�EHKDYLRU�FKDQJH�LQ�+&,�UHVHDUFK�
In Proc. CHI 2011��$&0�3UHVV�������������±������

���.RSS��-��6HOI�PRQLWRULQJ��$�OLWHUDWXUH�UHYLHZ�RI�UHVHDUFK�
DQG�SUDFWLFH��Social Work Research & Abstracts������
��������������

���/DOO\��3���DQG�*DUGQHU��%��3URPRWLQJ�KDELW�IRUPDWLRQ��
Health Psychology Review�����6XS�������������±����

���/DOO\��3���YDQ�-DDUVYHOG��&�+�0���3RWWV��+�:�:���DQG�
:DUGOH��-��+RZ�DUH�KDELWV�IRUPHG��0RGHOOLQJ�KDELW�IRU�
PDWLRQ�LQ�WKH�UHDO�ZRUOG��European Journal of Social 
Psychology�������������������±������

���/DOO\��3���:DUGOH��-���	�*DUGQHU��%��([SHULHQFHV�RI�KDELW�
IRUPDWLRQ��D�TXDOLWDWLYH�VWXG\��Psychology, Health & 
Medicine�������������������±���

���0F/HDQ��9$��0RWLYDWLQJ�3DWLHQWV�WR�8VH�6PDUWSKRQH�
+HDOWK�$SSV��PR Web��UHWULHYHG�RQ�����������IURP�
KWWS���SUZHE�FRP�UHOHDVHV���������SUZHE��������KWP�

���0LFKLH��6���5LFKDUGVRQ��0���-RKQVWRQ��0���$EUDKDP��&���
)UDQFLV��-���+DUGHPDQ��:���������:RRG��&�(��7KH�EHKDYLRU�
FKDQJH�WHFKQLTXH�WD[RQRP\��Y���RI����KLHUDUFKLFDOO\�
FOXVWHUHG�WHFKQLTXHV��EXLOGLQJ�DQ�LQWHUQDWLRQDO�FRQVHQ�
VXV�IRU�WKH�UHSRUWLQJ�RI�EHKDYLRU�FKDQJH�LQWHUYHQWLRQV��
Annals of Behavioral Medicine������������������±����

���1HDO��'�7���:RRG��:���/DEUHFTXH��-�6���DQG�/DOO\��3��
+RZ�GR�KDELWV�JXLGH�EHKDYLRU"�3HUFHLYHG�DQG�DFWXDO�
WULJJHUV�RI�KDELWV�LQ�GDLO\�OLIH��Journal of Experimental 
Social Psychology�������������������±�����

���1HOVRQ��5�2��$VVHVVPHQW�DQG�WKHUDSHXWLF�IXQFWLRQV�RI�
VHOI�PRQLWRULQJ��,Q�0��+HUVHQ��5�0��(LVOHU�DQG�3�0��

0LOOHU���HGV����Progress  in  behavior  modification��$FD�
GHPLF��3UHVV���1HZ�<� RUN����������

��� 3DUN���'�&����DQG��.LGGHU���'�3���3URVSHFWLYH��PHPRU\��DQG��
PHGLFDWLRQ��DGKHUHQFH���,Q��0���%UDQGLPRQWH���*�2���(LQ�
VWHLQ���DQG��0�$���0F'DQLHO���(GV�����Prospective  memory:  
Theory  and  applications.  /DZUHQFH��(UOEDXP��$VVRFLDWHV��
������������±������

��� 3HZ��,QWHUQHW��5HVHDUFK���0RELOH��7HFKQRORJ\�)DFW��6KHHW���
UHWULHYHG��RQ��������������IURP���KWWS���ZZZ�SHZLQWHUQHW���
RUJ�IDFW�VKHHWV�PRELOH�WHFKQRORJ\�IDFW�VKHHW���

��� 5RRNVE\���-����5RVW���0����0RUULVRQ���$����DQG��&KDOPHUV���0���
3HUVRQDO��WUDFNLQJ��DV��OLYHG��LQIRUPDWLFV���,Q��Proc.  CHI  
2014, �$&0��3UHVV�����������������������

��� 5RWKPDQ���$�-���7RZDUG�D�� �WKHRU\�EDVHG�DQDO\VLV��RI��
EHKDYLRUDO��PDLQWHQDQFH���Health  Psychology���������6XS��
�������������±�����

��� 6FK IHU���(�*���DQG��/DLQJ���0�/���³3OHDVH���UHPLQG��PH«"´���
7KH��UROH��RI��RWKHUV��LQ��SURVSHFWLYH��UHPHPEHULQJ���Applied  
Cognitive  Psychology, �����������������6��±6������

��� 6KHYFKLN���/���0RELOH��$33HDO���([SORULQJ��WKH�0RELOH�
/DQGVFDSH���New Relic��UHWULHYHG�RQ�����������IURP��
KWWS���EORJ�QHZUHOLF�FRP������������PRELOH�DSSH�DO�
ZK\�WKH�IXWXUH�LV�PRELOH���

��� 6WDZDU]���.����&R[���$����DQG��%ODQGIRUG���$���'RQ¶W��IRUJHW��
\RXU��SLOO����GHVLJQLQJ�HIIHFWLYH��PHGLFDWLRQ�UHPLQGHU��DSSV��
WKDW�VXSSRUW��XVHUV
��GDLO\�URXWLQHV���,Q�Proc.  CHI  2014��
$&0��3UHVV���������������±�������

��� 7RELDV���5���&KDQJLQJ��EHKDYLRU��E\��PHPRU\��DLGV���D��VRFLDO��
SV\FKRORJLFDO��PRGHO��RI��SURVSHFWLYH��PHPRU\�DQG�KDELW��
GHYHORSPHQW��WHVWHG�ZLWK�G\QDPLF��ILHOG�GDWD���Psycho-
logical Review���������������������±������

��� 9HUSODQNHQ���%���+DELWV��DQG��LPSOHPHQWDWLRQ��LQWHQWLRQV���,Q��
-���3���'���.HUU���5���:HLWNXQDW���DQG�0� ���0RUHWWL���(GV�����ABC  
of  Behavior  Change:  A  Guide  to Successful  Disease  
Prevention  and  Health  Promotion��(OVHYLHU�6FLHQFH��
+HDOWK��6FLHQFH��'LYLVLRQ����������

��� 9HUSODQNHQ���%����DQG��2UEHOO���6���5HIOHFWLRQV��RQ��3DVW��%H�
KDYLRU��$�6HOI�5HSRUW��,QGH[��RI��+DELW��6WUHQJWK���Journal  
of  Applied Social  Psychology��������������������±�������

��� 9HUSODQNHQ��%���DQG��:RRG���:���,QWHUYHQWLRQV��WR��%UHDN��
DQG��&UHDWH�&RQVXPHU��+DELWV. Journal  of  Public  Policy  
& Marketing������������������±������

��� :HVW���-�+����+DOO���3�&����+DQVRQ���&�/����%DUQHV���0�'����*L�
UDXG�&DUULHU���&����DQG��%DUUHWW���-��7KHUH¶V�DQ�DSS�IRU�WKDW��
FRQWHQW��DQDO\VLV��RI��SDLG��KHDOWK��DQG��ILWQHVV��DSSV���Journal  
of Medical Internet Research�������������������H�����

��� :RRG���:����DQG��1HDO���'�7���$��QHZ��ORRN��DW��KDELWV��DQG��WKH��
KDELW�JRDO��LQWHUIDFH���Psychological  Review����������
������������±�����

��� :RRG���:����DQG��1HDO���'�7���7KH��KDELWXDO��FRQVXPHU���Jour-
nal  of  Consumer  Psychology��������������������±�����
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