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�� (LQOHLWXQJ
���� 0RQLWRULQJ�GHU�PHQVFKOLFKHQ�9LWDOSDUDPHWHU

(UVWH GRNXPHQWLHUWH 9HUVXFKH� GLH PHQVFKOLFKHQ 9LWDOSDUDPHWHU ]X �EHUZDFKHQ� GDWLHUHQ

ELV ���� %& ]XU�FN� +LHUEHL ZXUGH GHU =XVDPPHQKDQJ ]ZLVFKHQ GHP 3XOV XQG GHP

+HU]VFKODJ�GXUFK�lJ\SWLVFKH�bU]W�LQQHQ�IHVWJHKDOWHQ�>�@�

(WZD ���� -DKUH VSlWHU� LP -DKU ����� JHODQJ 6DQWRULR 6DQWRUL PLW +LOIH YRQ *DOLOHR *DOLOHL

GLH (QWZLFNOXQJ GHV VRJHQDQQWHQ 3XOVLORJLXPV� PLW GHP PDQ PLWWHOV HLQHV 3HQGXOXPV GHQ

3XOV PHVVHQ NRQQWH� XQG OlXWHWH GDPLW GDV =HLWDOWHU GHU TXDQWLWDWLYHQ 0HGL]LQ HLQ >�@� 0LW

GLHVHQ *UXQGODJHQ NRQQWH GHU HQJOLVFKH $U]W -RKQ )OR\HU ���� VHLQH 3XOVH�:DWFK

HQWZLFNHOQ� HLQH VSH]LHOOH 7DVFKHQXKU� GLH HUVWPDOV DXFK HLQHQ 6HNXQGHQ]HLJHU HQWKLHOW XQG

GDPLW HLQH H[DNWH 0HVVXQJ GHU 3XOVVFKOlJH SUR 0LQXWH HUP|JOLFKWH >�@� 0LW GHU H[DNWHQ

0HVVXQJ GHU =HLW NRQQWHQ ([WUHPZHUWH GHV 3XOVHV GRNXPHQWLHUW XQG GHU (LQIOXVV YRQ

EHLVSLHOVZHLVH $OWHU� *HVFKOHFKW� .UDQNKHLW RGHU 6FKODI DXI GHQ 3XOV DQDO\VLHUW ZHUGHQ�

=XVlW]OLFK�ZDU�HV�P|JOLFK��$WHP]�JH�SUR�0LQXWH�]X�GRNXPHQWLHUHQ�

'LH (QWZLFNOXQJ GHV 4XHFNVLOEHUWKHUPRPHWHUV GXUFK *DEULHO 'DQLHO )DKUHQKHLW YHUKDOI &DUO

5HLQKROG $XJXVW :XQGHUOLFK GD]X� 1RUPDOZHUWH I�U GLH PHQVFKOLFKH 7HPSHUDWXU ]X

GHILQLHUHQ VRZLH GLH 7HPSHUDWXUPHVVXQJ LQ $EKlQJLJNHLW YRQ GHU 7DJHV]HLW NOLQLVFK ]X

QXW]HQ >�@� *HQDXVR ZLH GLH $WHP� XQG 3XOVIUHTXHQ] ZXUGH GLH 7HPSHUDWXU QXQ HUVWPDOV DOV

HLQ 9LWDOSDUDPHWHU HLQJHVWXIW XQG QLFKW DOV HLQH HLJHQVWlQGLJH .UDQNKHLW� $E GLHVHP

=HLWSXQNW ZXUGHQ 3XOV� $WPXQJ XQG 7HPSHUDWXU LQ $EKlQJLJNHLW YRQ GHU 7DJHV]HLW JUDILVFK

GDUJHVWHOOW�>�@�

1HEHQ GLHVHQ GUHL 9LWDOSDUDPHWHUQ LVW GHU %OXWGUXFN� GHVVHQ 4XDQWLIL]LHUXQJ ���� PLW

6WHSKHQ +DOHV EHJDQQ� HLQ ZHLWHUHU HVVHQ]LHOOHU %HVWDQGWHLO GHV KHXWLJHQ

3DWLHQWHQPRQLWRULQJV� ,P -DKU ���� NRQQWH -HDQ /pRQDUG 0DULH 3RLVHXLOOH HUVWPDOV DXI

*UXQGODJH GLHVHU 4XDQWLIL]LHUXQJ GHQ DUWHULHOOHQ %OXWGUXFN PLWWHOV HLQHV

4XHFNVLOEHU�0DQRPHWHUV PHVVHQ >�@� ,P VHOEHQ -DKUKXQGHUW ZXUGHQ LQQHUKDOE N�U]HVWHU

=HLW GLYHUVH $SSDUDWH ]XU QLFKW�LQYDVLYHQ %OXWGUXFNPHVVXQJ� VRJHQDQQWH

6SK\JPRPDQRPHWHU� HUIXQGHQ� 6FLSLRQH 5LYD�5RFFL EHULFKWHWH ���� YRQ HLQHP 6\VWHP�

ZHOFKHV GHP GHU KHXWLJHQ 7HFKQLN DP QlFKVWHQ NRPPW� =XU %OXWGUXFNPHVVXQJ QXW]WH HU

HLQH ]LUNXPIHUHQWH *XPPLWDVFKH� GLH PLWWHOV HLQHV *XPPLEDOORQV DXIJHSXPSW ZHUGHQ

NRQQWH� 'LH *XPPLWDVFKH ZDU DQ HLQ 4XHFNVLOEHU�0DQRPHWHU DQJHVFKORVVHQ� :HQQ GHU

'UXFN QXQ ODQJVDP DXV GHU 7DVFKH DEJHODVVHQ ZXUGH� ILHO GHU 4XHFNVLOEHUVWDQG XQG GHU

%OXWGUXFN NRQQWH EHLP :LHGHUHLQWULWW GHV 3XOVHV DEJHOHVHQ ZHUGHQ� ,Q GHQ IROJHQGHQ -DKUHQ
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HUIROJWHQ PHKUHUH (UJlQ]XQJHQ XQG 9HUEHVVHUXQJHQ GLHVHV 6\VWHPV GXUFK GLYHUVH bU]WH

XQG�:LVVHQVFKDIWOHU��X��D��5HFNOLQJKDXVHQ��.RURWNRII��+LOO��%HUQDUG��

'DV HOHNWURQLVFKH =HLWDOWHU GHU 0HGL]LQ EHJDQQ DOV $XJXVWXV :DOOHU ���� HUVWPDOV GLH

HOHNWULVFKH $NWLYLWlW GHV +HU]HQV GRNXPHQWLHUWH� %DVLHUHQG DXI GLHVHQ (UNHQQWQLVVHQ NRQQWH

:LOOHP (LQWKRYHQ ���� GLH KHXWH EHNDQQWH 34567�.XUYH PLWWHOV HLQHV ��.DQDO

(OHNWURNDUGLRJUDPPV �(.*� DEOHLWHQ >�@� bU]WH XQG :LVVHQVFKDIWOHU HUNDQQWHQ 0lQJHO DQ

GHQ HUVWHQ (.*�6\VWHPHQ XQG HQWZLFNHOWHQ GLHVH LQ PHKUHUHQ ,WHUDWLRQHQ ZHLWHU� (UVW HLQ

KDOEHV -DKUKXQGHUW VSlWHU� ����� ZXUGH GDV KHXWH EHNDQQWH ���.DQDO (.* HUIXQGHQ�

*OHLFK]HLWLJ ZXUGH PLW GHU (QWZLFNOXQJ GHV (OHFWURQLF 1XPHULFDO ,QWHJUDWRU DQG &RPSXWHU

�(1,$&�� GHP HUVWHQ HOHNWURQLVFKHQ 'LJLWDOUHFKQHU� LP -DKU ���� GDV &RPSXWHU]HLWDOWHU

HLQJHOlXWHW >�@� $OV 'LVSOD\ ZXUGH GDV 2V]LOORVNRS HLQJHI�KUW� PLW GHP XQWHU DQGHUHP LP

5DKPHQ YRQ KHU]FKLUXUJLVFKHQ 2SHUDWLRQHQ GDV (.* YLVXDOLVLHUW ZXUGH >�@� $XFK REHUH XQG

XQWHUH�$ODUPJUHQ]HQ�I�U�GLH�+HU]IUHTXHQ]PHVVXQJ�ZXUGHQ�KLHUI�U�HUVWPDOLJ�IHVWJHVHW]W�

'DV 3ULQ]LS HLQHV NRQWLQXLHUOLFKHQ FRPSXWHUEDVLHUWHQ 3DWLHQWHQPRQLWRULQJV I�U NULWLVFK

NUDQNH 3DWLHQW�LQQHQ ZXUGH HUVWPDOV ���� GRNXPHQWLHUW >��@� +LHUI�U ZXUGHQ GHU DUWHULHOOH

XQG YHQ|VH %OXWGUXFN DOOH �� 6HNXQGHQ DXWRPDWLVLHUW DXIJH]HLFKQHW� 7HPSHUDWXU �PHKUHUH

$EOHLWXQJHQ� XQG 8ULQDXVVFKHLGXQJ ZXUGHQ VRJDU VHN�QGOLFK� HEHQIDOOV DXWRPDWLVLHUW�

HUIDVVW��%HUHLWV�LQ�GLHVHU�=HLW�ZXUGH�GDV�3UREOHP�GHU�IDOVFK�SRVLWLYHQ�$ODUPH�HUNDQQW�>��@�

$OV ZHLWHUHV 6WDQGDUGPRQLWRULQJ� ]XP %HLVSLHO DXI GHU ,QWHQVLYVWDWLRQ �,76�� JLOW KHXW]XWDJH

GLH 3XOVR[\PHWULH� (UVWPDOV HUOlXWHUW ZXUGH GHU $QVDW] GHU 2[\PHWULH ���� YRQ /XGZLJ

1LFRODL >��@� 'LHVHU EHQXW]WH GLH 2[\PHWULH ]XU 9HUODXIVPHVVXQJ GHU *HZHEVR[\JHQLHUXQJ

LQ GHQ +lQGHQ� ���� I�KUWH .XUW .UDPHU GHQ %HJULII GHU VSHNWURSKRWRPHWULVFKHQ 0HWKRGH LQ

%H]XJ DXI GLH NRQWLQXLHUOLFKH 0HVVXQJ GHU 6DXHUVWRIIVlWWLJXQJ GHV %OXWHV HLQ >��@� .DUO

0DWWKHV HUVFKXI LP VHOEHQ -DKU GDV HUVWH 6DXHUVWRIIPHVVJHUlW GXUFK 7UDQVLOOXPLQDWLRQ GHV

2KUHV >��@� ,Q GHQ ����HUQ� ZlKUHQG GHV ]ZHLWHQ :HOWNULHJHV� HQWZLFNHOWH *OHQQ $OODQ

0LOOLNDQ HLQHQ KDQGOLFKHQ 2KUR[\PHWHU ]XU hEHUZDFKXQJ GHU DPHULNDQLVFKHQ 0LOLWlUSLORWHQ

>��@� 3UREOHP GHU XUVSU�QJOLFKHQ 2[\PHWHU ZDU� GDVV VLH QLFKW ]ZLVFKHQ GHU DUWHULHOOHQ XQG

YHQ|VHQ 6DXHUVWRIIVlWWLJXQJ XQG GHU *HZHEVDEVRUSWLRQ XQWHUVFKHLGHQ NRQQWHQ� (UVW ����

ZXUGH GLH ,GHH GHV 3XOVR[\PHWHUV GXUFK GHQ MDSDQLVFKHQ ,QJHQLHXU 7DNXR $R\DJL HQWZLFNHOW

>��@� 'LHVHU YHUZHQGHWH GLH SXOVDWLOHQ 6FKZDQNXQJHQ LP DUWHULHOOHQ %OXWIOXVV� XP GLH

6DXHUVWRIIVlWWLJXQJ ]X EHVWLPPHQ� ���� ZXUGHQ GLH 2[\PHWULH XQG 3OHWK\VPRJUDILH YRQ

<RVKL\D HW DO� LQ HLQHP 0HVVJHUlW ]XVDPPHQJHI�KUW >��@� 6HLWKHU VLQG 3XOVR[\PHWHU LP

+DQGHO�HUKlOWOLFK�XQG�ZHUGHQ�LQ�YHUVFKLHGHQHQ�9DULDQWHQ�DQJHERWHQ�
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,QQHUKDOE GLHVHU HWZD ��� -DKUH ZXUGHQ GLH KHXWH DXI hEHUZDFKXQJVVWDWLRQHQ XQG LQ

2SHUDWLRQVVlOHQ VWDQGDUGPl�LJ YHUZHQGHWHQ 0RQLWRULQJVHQVRUHQ HQWZLFNHOW� 0LWWHOV (.*�

QLFKW�LQYDVLYHU RGHU LQYDVLYHU %OXWGUXFNPHVVXQJ� 3XOVR[\PHWULH XQG HOHNWULVFKHP

7KHUPRPHWHU N|QQHQ GLH 9LWDOSDUDPHWHU +HU]� XQG 3XOVIUHTXHQ]� %OXWGUXFN�

6DXHUVWRIIVlWWLJXQJ� $WHPIUHTXHQ] XQG 7HPSHUDWXU NRQWLQXLHUOLFK JHPHVVHQ XQG

GRNXPHQWLHUW�ZHUGHQ�

���� (UZHLWHUWHV�3DWLHQWHQPRQLWRULQJ

1HEHQ GHQ LQ ��� GDUJHVWHOOWHQ 6WDQGDUGVHQVRUHQ ZHUGHQ LQ VSH]LILVFKHQ 6LWXDWLRQHQ

ZHLWHUH 6HQVRUHQ HLQJHVHW]W� GLH XQWHU DQGHUHP GDV +HU]]HLWYROXPHQ �+=9� NULWLVFK NUDQNHU

3DWLHQW�LQQHQ TXDQWLIL]LHUHQ� $OV *ROGVWDQGDUG JLOW KLHUI�U GLH LQYDVLYH 0HVVXQJ GHV +=9

�EHU HLQHQ 3XOPRQDOHQ $UWHULHOOHQ .DWKHWHU �3$&� >��@� +LHUEHL ZLUG GHU 3$& PHLVW �EHU GLH

UHFKWH 9HQD MXJXODULV LQWHUQD XQG �EHU GHQ UHFKWHQ 9RUKRI LQ GHU UHFKWHQ +HU]NDPPHU

SODW]LHUW� 'XUFK GHQ 9HUVFKOXVV HLQHU NOHLQHQ 3XOPRQDOYHQH GXUFK HLQHQ DXIEODVEDUHQ %DOORQ

DQ GHU 6SLW]H GHV .DWKHWHUV NDQQ GHU /XQJHQNDSLOODUHQYHUVFKOXVVGUXFN �:HGJH�'UXFN�

JHPHVVHQ ZHUGHQ� GHU XQWHU SK\VLRORJLVFKHQ .RQGLWLRQHQ GHQ 'UXFNYHUKlOWQLVVHQ LP OLQNHQ

9RUKRI HQWVSULFKW >��@� 0LWWHOV 7KHUPRGLOXWLRQVSULQ]LS NDQQ KLHUEHL GHU +HU]LQGH[ �&DUGLDF

,QGH[� &,  +=9�.|USHUREHUIOlFKH LQ TP� EHUHFKQHW ZHUGHQ� +LHUI�U P�VVHQ �� PO HLQHU

HWZD � �& NDOWHQ 1D&O�/|VXQJ �EHU GHQ SUR[LPDOHQ 3$& 6FKHQNHO DSSOL]LHUW ZHUGHQ� 0LWWHOV

7KHUPLVWRU DP GLVWDOHQ 3$&�(QGH ZLUG GLH 7HPSHUDWXUHUQLHGULJXQJ SUR =HLW JHPHVVHQ XQG

GHU &, PLWWHOV 6WHZDUW +DPLOWRQ *OHLFKXQJ EHUHFKQHW� ,Q GHU 9HUJDQJHQKHLW ZXUGH GHU 3$&

KlXILJ ]XU 0HVVXQJ GHV +=9 JHQXW]W� GRFK DXIJUXQG GHU KRKHQ .RPSOLNDWLRQVUDWH VRZLH GHU

IHKOHQGHQ 0RUWDOLWlWVUHGXNWLRQ QDKP GLH 9HUEUHLWXQJ VHLW ���� GHXWOLFK DE >�����@� ,Q GHU

/HLWOLQLH ���� GHU $:0) �$UEHLWVJHPHLQVFKDIW GHU :LVVHQVFKDIWOLFKHQ 0HGL]LQLVFKHQ

)DFKJHVHOOVFKDIWHQ H�9�� ]X KlPRG\QDPLVFKHP 0RQLWRULQJ KHU]FKLUXUJLVFKHU 3DWLHQW�LQQHQ

ZLUG�GHU�3$&�LQ�QXU�VHKU�NRPSOH[HQ�6LWXDWLRQHQ�HPSIRKOHQ�>��@�

,Q HLQHU DNWXHOOHQ 6WXGLH NRQQWH JH]HLJW ZHUGHQ� GDVV GLH 0RUWDOLWlW YRQ 3DWLHQW�LQQHQ LP

NDUGLRJHQHQ 6FKRFN GXUFK HUZHLWHUWHV KlPRG\QDPLVFKHV 0RQLWRULQJ UHGX]LHUW ZHUGHQ NDQQ

>��@� +LHU]X ]lKOHQ DXFK ZHQLJHU LQYDVLYH 6\VWHPH� ZLH ]XP %HLVSLHO 3L&&2� YRQ 3XOVLRQ

0HGLFDO 6\VWHPV RGHU )OR7UDF� YRQ (GZDUGV /LIHVFLHQFHV >��@� GLH KDXSWVlFKOLFK DXI GHP

3ULQ]LS�GHU�3XOVNRQWXUDQDO\VH�EHUXKHQ�

%HL ZHQLJHU NULWLVFK NUDQNHQ 3DWLHQW�LQQHQ NDQQ GXUFK QLFKW�LQYDVLYHV KlPRG\QDPLVFKHV

0RQLWRULQJ NRQWLQXLHUOLFK GHU %OXWGUXFN JHPHVVHQ ZHUGHQ� +LHUI�U NDQQ GLH 9ROXPH &ODPS

�9&� 0HWKRGH� GLH 7RQRPHWULH VRZLH GLH 3XOVZHOOHQWUDQVLW]HLW �3:77� JHQXW]W ZHUGHQ >��@�
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'LH 9& LVW GLH DNWXHOO DP ZHLWHVWHQ YHUEUHLWHWH 0HWKRGH XQG QXW]W HLQH NOHLQH 0DQVFKHWWH

DP )LQJHU PLW HLQHP 3KRWRSOHWK\VPRJUDPP �33*�� 'LH 0DQVFKHWWH EOlVW VLFK DXI� XP

bQGHUXQJHQ GHV 33*�:HUWHV DXV]XJOHLFKHQ� ZRGXUFK GHU %OXWGUXFN DEJHOHLWHW ZHUGHQ

NDQQ� ,QVEHVRQGHUH EHL lOWHUHQ 3DWLHQW�LQQHQ �!�� -DKUH� XQG EHL 3DWLHQW�LQQHQ PLW

1HEHQHUNUDQNXQJHQ� ZLH ]XP %HLVSLHO 'LDEHWHV� VLQG MHGRFK )HKOPHVVXQJHQ P|JOLFK�

$QELHWHU VROFKHU 6\VWHPH VLQG ]XP %HLVSLHO (GZDUGV /LIHVFLHQFHV �&OHDU6LJKW� XQG

&16\VWHPV 0HGL]LQWHFKQLN �&1$3�� 'LH 7RQRPHWULH ZXUGH EHUHLWV ���� HUIXQGHQ� MHGRFK

EHVWHKW HLQ JUR�HU 1DFKWHLO GDULQ� GDVV GLH .DOLEULHUXQJ XQG 6HQVRUPRQWLHUXQJ IHKOHUDQIlOOLJ

XQG ]HLWDXIZHQGLJ VLQG� 'HU]HLW JLEW HV NHLQH ZHLW YHUEUHLWHWHQ NRPPHU]LHOOHQ 6\VWHPH

KLHU]X� 'LH 3:77 PLVVW GLH =HLW ]ZLVFKHQ GHU 5�:HOOH HLQHV (.* XQG GHP (LQWUHIIHQ GHU

3XOVZHOOH� GLH YRQ HLQHP 3XOVR[\PHWHU DP 2KUOlSSFKHQ JHPHVVHQ ZLUG >��@� 'LH

7HFKQRORJLH ZLUG ]XP %HLVSLHO YRQ 1LKRQ .RKGHQ DQJHERWHQ >��@� hEHU GLH 3:77 NDQQ

]XGHP GDV JHVFKlW]WH NRQWLQXLHUOLFKH +=9 �HV&&2� EHUHFKQHW ZHUGHQ >��@� 'HU 9RUWHLO

EHVWHKW GDULQ� GDVV KLHUI�U OHGLJOLFK GLH 6WDQGDUGPRQLWRULQJ�6HQVRUHQ �(.*� �QLFKW��LQYDVLYH

%OXWGUXFNPHVVXQJ��3XOVR[\PHWULH��QRWZHQGLJ�VLQG�

���� 3DWLHQWHQPRQLWRULQJ�LQ�GHU�,QWHQVLYPHGL]LQ

1HEHQ GHU NOLQLVFKHQ 8QWHUVXFKXQJ PLW %HXUWHLOXQJ GHU SHULSKHUHQ =LUNXODWLRQ VWHOOW GDV

%DVLVPRQLWRULQJ HLQHQ HVVHQ]LHOOHQ %HVWDQGWHLO GHU LQWHQVLYPHGL]LQLVFKHQ 9HUVRUJXQJ GDU�

+LHU]X ]lKOHQ ODXW )XQFNH HW DO� >��@ XQG -DQVVHQV HW DO� >��@ HLQ (.*� HLQH

SXOVR[\PHWULVFKH hEHUZDFKXQJ� HLQH QLFKW�LQYDVLYH �QDFK 5LYD�5RFFL� E]Z� LQYDVLYH

%OXWGUXFNPHVVXQJ� .RQWUROOH GHU 8ULQDXVVFKHLGXQJ VRZLH 7HPSHUDWXUPHVVXQJ� $XIEDXHQG

DXI GHP 6FKZHUHJUDG GHU (UNUDQNXQJ� GHU $QDPQHVH� GHU NOLQLVFKHQ XQG

ODERUPHGL]LQLVFKHQ 8QWHUVXFKXQJ VRZLH GHP ]HLWOLFKHQ 5DKPHQ GHU QRWZHQGLJHQ

hEHUZDFKXQJ�ZLUG�HLQ�HUZHLWHUWHV�3DWLHQWHQPRQLWRULQJ�YRUJHQRPPHQ�

'LH (XURSHDQ 6RFLHW\ RI &DUGLRORJ\ �(6&� SXEOL]LHUWH ���� /HLWOLQLHQ ]XU 7KHUDSLH DNXWHU

+HU]LQVXIIL]LHQ]� 'DULQ ZXUGHQ HUVWPDOV $QJDEHQ ]XP (LQVDW] VSH]LHOOHU

0RQLWRULQJYHUIDKUHQ XQWHU $QJDEH YRQ (YLGHQ]JUDGHQ JHPDFKW >��@� ,P -XQL ����

YHU|IIHQWOLFKWHQ GDV (XURSHDQ %RDUG RI $QDHVWKHVLRORJ\ �(%$�� GLH (XURSHDQ 6RFLHW\ RI

$QDHVWKHVLRORJ\ �(6$� XQG GDV 1DWLRQDO $QDHVWKHVLD 6RFLHWLHV &RPPLWWHH �1$6&� GLH

+HOVLQNL 'HFODUDWLRQ RQ 3DWLHQW 6DIHW\ LQ $QDHVWKHVLRORJ\ >��@� 8QWHU]HLFKQHW ZXUGH GLH

'HNODUDWLRQ DQVFKOLH�HQG YRQ PHKUHUHQ 9HUWUHWHUQ GHU HXURSlLVFKHQ $QlVWKHVLRORJLH VRZLH

ZHLWHUHQ ,QWHUHVVHQJUXSSHQ >:+2� :RUOG )HGHUDWLRQ RI 6RFLHWLHV RI $QDHVWKHVLRORJLVWV

�:)6$�� (XURSHDQ 3DWLHQWV )HGHUDWLRQ �(3)�@� 6LH VWHOOW HLQH (PSIHKOXQJ YRQ SUDNWLVFKHQ
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6FKULWWHQ I�U $QlVWKHVLVW�LQQHQ GDU� GLH HUIROJUHLFK LQ GHQ .OLQLNDOOWDJ LQWHJULHUW ZHUGHQ

N|QQHQ� 'LH (%$ XQG (6$ KDEHQ SDUDOOHO ]XU 'HNODUDWLRQ HLQH JHPHLQVDPH 7DVNIRUFH I�U

3DWLHQWHQVLFKHUKHLW JHJU�QGHW� XP GLH DXIJHI�KUWHQ (PSIHKOXQJHQ LQ GLH 3UD[LV

XP]XVHW]HQ�

$XFK LQ GHU ,QWHQVLYPHGL]LQ LVW GLH 3DWLHQWHQVLFKHUKHLW YRQ ]HQWUDOHU %HGHXWXQJ� ,P 2NWREHU

���� VWDUWHWH GLH (XURSHDQ 6RFLHW\ RI ,QWHQVLYH 0HGLFLQH �(6,&0� HLQH ,QLWLDWLYH PLW GHP

=LHO� DXI QDWLRQDOHU XQG LQWHUQDWLRQDOHU (EHQH 5HSUlVHQWDQW�LQQHQ YRQ

,QWHQVLYSIOHJHJHVHOOVFKDIWHQ VRZLH 3DUWQHU�LQQHQ DXV GHU 3ROLWLN� ,QGXVWULH XQG

3DWLHQWHQYHUWUHWXQJ ]XVDPPHQ]XEULQJHQ� XP GDV 3URILO GHU 3DWLHQWHQVLFKHUKHLWVDJHQGD ]X

VFKlUIHQ XQG GLH 6WHLJHUXQJ GHU :LUNVDPNHLW GHU ,QWHUYHQWLRQHQ ]X JHZlKUOHLVWHQ�

=XVDPPHQJHWUDJHQ�ZXUGHQ�GLH�=LHOH�LQ�GHU�'HFODUDWLRQ�RI�9LHQQD�>��@�

0RGHUQH 3DWLHQWHQPRQLWRUH XQG LPSOHPHQWLHUWHV 5LVLNRPDQDJHPHQW �HLQVFKOLH�OLFK

$ODUPV\VWHP XQG �PDQDJHPHQW� P�VVHQ QDFK GHQ ]XJHODVVHQHQ XQG DNWXHOOHQ

LQWHUQDWLRQDOHQ�1RUPHQ�,(&������������ >��@ XQG�,(& ������� >��@ DXIJHEDXW�VHLQ�

'LH 1RWZHQGLJNHLW YRQ 0RQLWRULQJV\VWHPHQ ]HLJW VLFK LP YHUEHVVHUWHQ NOLQLVFKHQ 9HUODXI GHU

LQWHQVLYPHGL]LQLVFK YHUVRUJWHQ 3DWLHQW�LQQHQ >��@� =LHO GHU KlPRG\QDPLVFKHQ hEHUZDFKXQJ

LVW GLH %HUHLWVWHOOXQJ YRQ 'DWHQ� GLH EHL GHU 2SWLPLHUXQJ GHU 6DXHUVWRIIYHUVRUJXQJ YRQ

(QGRUJDQJHZHEH XQWHUVW�W]HQ VRZLH *HZHEHK\SR[LH� 6FKRFN]XVWlQGH XQG

0XOWLRUJDQYHUVDJHQ YRUEHXJHQ� ,Q GHQ ����HUQ ZXUGHQ ODXW &RRSHU HW DO� XP GLH ��� DOOHU

DQlVWKHVLHEHGLQJWHQ XQHUZ�QVFKWHQ (UHLJQLVVH �DGYHUVH HYHQWV� GXUFK PHQVFKOLFKHV

9HUVDJHQ�YHUXUVDFKW�>��@�

5REHUW /RHE XQWHUVXFKWH GLH 5HDNWLRQV]HLW YRQ $QlVWKHVLVW�LQQHQ DXI UHOHYDQWH

9HUlQGHUXQJHQ GHU 9LWDOSDUDPHWHU YRQ 3DWLHQW�LQQHQ� %HL GHU 8QWHUVXFKXQJ NDP KHUDXV�

GDVV GLHVH HLQH PLWWOHUH =HLW YRQ �� 6HNXQGHQ EHQ|WLJWHQ� XP HLQH DEQRUPDOH 9HUlQGHUXQJ

GHU 9LWDOSDUDPHWHU ]X HUNHQQHQ� ��� GHU 9HUlQGHUXQJHQ ZXUGHQ �EHU � 0LQXWHQ QLFKW

HUNDQQW >��@� 0LWKLOIH YRQ DXWRPDWLVLHUWHQ hEHUZDFKXQJVV\VWHPHQ �HLQVFKOLH�OLFK $ODUPHQ�

N|QQHQ�NULWLVFKH�=XVWlQGH�IU�K]HLWLJ�HUNDQQW�XQG�EHKDQGHOW�ZHUGHQ�>��@�

,QWHQVLYPHGL]LQHU�LQQHQ ZHUGHQ GXUFK 0RQLWRULQJV\VWHPH HUIROJUHLFK LQ GHU 8PVHW]XQJ XQG

.RQWUROOH LKUHU %HKDQGOXQJV]LHOH XQWHUVW�W]W >��@� 'HQQ GLH 2SWLPLHUXQJ GHU +lPRG\QDPLN

XQG 7HPSHUDWXU GHU 3DWLHQW�LQQHQ LVW HQWVFKHLGHQG I�U HLQH 9HUEHVVHUXQJ GHU 0RUELGLWlWV�

XQG 0RUWDOLWlWVUDWHQ� ,QVJHVDPW NRQQWH DXFK GXUFK GLH (LQI�KUXQJ GHU

3DWLHQWHQPRQLWRULQJV\VWHPH GDV KHXWLJH 0RUWDOLWlWVULVLNR GXUFK .RPSOLNDWLRQHQ E]Z�

XQHUZ�QVFKWH (UHLJQLVVH �DGYHUVH HYHQWV� LQ GHU $QlVWKHVLH XQG ,QWHQVLYPHGL]LQ LQ

5



$XVWUDOLHQ� (XURSD XQG GHQ 9HUHLQLJWHQ 6WDDWHQ DXI � YRQ ������� )lOOHQ UHGX]LHUW ZHUGHQ

>�����@�

���� 'LH�GLJLWDOH�7UDQVIRUPDWLRQ�GHU�,QWHQVLYVWDWLRQ

$XIJUXQG GHV GHPRJUDILVFKHQ :DQGHOV� GHV 0DQJHOV DQ PHGL]LQLVFKHP 3HUVRQDO XQG� LQ

M�QJVWHU =HLW� GHU &RURQDYLUXV�(UNUDQNXQJ ���� �&29,'���� ZLUG GLH %HGHXWXQJ PRGHUQHU

,76 LPPHU GHXWOLFKHU� $OV 9LVLRQ VROOWH KLHU HLQH LQ DOOHQ %HUHLFKHQ GLJLWDO WUDQVIRUPLHUWH ,76

DQJHVWUHEW ZHUGHQ� 'LHV EHLQKDOWHW GLH 1XW]XQJ QHXDUWLJHU 7HFKQRORJLHQ VRZRKO LQ 6RIWZDUH

DOV DXFK +DUGZDUH ]XU hEHUZDFKXQJ YRQ 9LWDOSDUDPHWHUQ YRQ 3DWLHQW�LQQHQ� XQG GLH

DXWRPDWLVLHUWH 1XW]XQJ GLHVHU +RFKIUHTXHQ]GDWHQ I�U GLH 8QWHUVW�W]XQJ NOLQLVFKHU

(QWVFKHLGXQJHQ�

1HEHQ GHU hEHUZDFKXQJ GHU R��J� 9LWDOSDUDPHWHU LVW HV EHLVSLHOVZHLVH P|JOLFK� QLFKW�LQYDVLY

NRQWLQXLHUOLFK GDV 3XOV�&2�2[\PHWULH +lPRJORELQ �6S+E� ]X PHVVHQ >��@� 7HFKQRORJLVFK

ZLUG KLHUEHL PLW +LOIH HLQHV 0XOWLZHOOHQOlQJHQ�6HQVRUV ]ZLVFKHQ VDXHUVWRIIUHLFKHP XQG

VDXHUVWRIIDUPHQ %OXW� %OXW PLW .RKOHQPRQR[LGJHKDOW� PLW 6DXHUVWRII DQJHUHLFKHUWHP %OXW XQG

%OXWSODVPD XQWHUVFKLHGHQ� 'LH NRQWLQXLHUOLFKH 0HVVXQJ GHV +E�:HUWHV NDQQ LQVEHVRQGHUH

DXI FKLUXUJLVFKHQ ,76 YRQ 9RUWHLO VHLQ >�����@� :HLWHUKLQ NRQQWHQ 3UHLVHU HW DO� ]HLJHQ� GDVV

GLH NRQWLQXLHUOLFKH *OXNRVHPHVVXQJ LQWHQVLYPHGL]LQLVFKHU 3DWLHQW�LQQHQ GLH 5DWH DQ

+\SRJO\NlPLHQ RGHU +\SHUJO\NlPLHQ UHGX]LHUW XQG GDPLW GLH 3DWLHQWHQVLFKHUKHLW HUK|KW

>�����@� $XFK GLH 8ULQDXVVFKHLGXQJ NDQQ NRQWLQXLHUOLFK PLWWHOV 6HQVRULN JHPHVVHQ ZHUGHQ�

+LHUEHL ZXUGH JH]HLJW� GDVV HLQH $EQDKPH GHU 8ULQDXVVFKHLGXQJ DOV IU�KHV =HLFKHQ HLQHU

+\SRYROlPLH�XQG�%OXWXQJ�JHZHUWHW�ZHUGHQ�NDQQ�>��@�

$XI GHP *HELHW GHU 7HOHPHGL]LQ VLQG GHU]HLW GHXWOLFKH WHFKQRORJLVFKH )RUWVFKULWWH ]X

YHU]HLFKQHQ� GLH GHU ,QWHQVLYPHGL]LQ ]XJXWH NRPPHQ N|QQHQ >��@� +LHUEHL ZHUGHQ

7HFKQRORJLHQ ZLH ]XP %HLVSLHO IDKUEDUH 9LGHRNRQIHUHQ]V\VWHPH �9LVLWHQURERWHU� XQWHU

DQGHUHP PLW ,QIUDURWNDPHUD JHQXW]W� XP LQWHQVLYPHGL]LQLVFKH ([SHUW�LQQHQ NRQWLQXLHUOLFK LQ

GLH .UDQNHQYHUVRUJXQJ PLW HLQ]XEH]LHKHQ� ,P 5DKPHQ GHVVHQ N|QQWH DXFK GLH 7HOHPHWULH

LP 6LQQH HLQHU )HUQ�EHUZDFKXQJ YRQ 3DWLHQW�LQQHQ GXUFK hEHUWUDJXQJ GHU 'DWHQ YRQ

9LWDOSDUDPHWHUVHQVRUHQ DQ PRELOH (QGJHUlWH �]��%� 7DEOHW &RPSXWHU� 6PDUWSKRQH� LQQHUKDOE

GHV .UDQNHQKDXVHV GDEHL XQWHUVW�W]HQ� %HKDQGOXQJVHPSIHKOXQJHQ YRQ 6SH]LDOLVWHQ

]�JLJHU�]X�HUKDOWHQ�>��@�

1HEHQ GHQ )RUWVFKULWWHQ LQ GHU 0HGL]LQ XQG GHU 0HGL]LQWHFKQLN N|QQHQ (UNHQQWQLVVH DXV GHU

0DWKHPDWLN� ,QIRUPDWLN XQG 6LJQDOYHUDUEHLWXQJ ZHLWHUH ZHUWYROOH 9HUEHVVHUXQJHQ EULQJHQ�
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XP GLH *HVXQGKHLWVYHUVRUJXQJ DXI GHU ,76 ]X RSWLPLHUHQ >��@� 'HQQ GLH ,PSOHPHQWLHUXQJ

YRQ GLJLWDOHQ *HVXQGKHLWVWHFKQRORJLHQ I�U GLH 3DWLHQWHQ�EHUZDFKXQJ KDW GDV 3RWHQWLDO� GLH

3DWLHQWHQVLFKHUKHLW ZHLWHU ]X HUK|KHQ� 3DUDGR[HUZHLVH ZHUGHQ GLHVH )RUWVFKULWWH

LQVEHVRQGHUH LQ GHU OHW]WHQ 'HNDGH QXU XQ]XUHLFKHQG LQ GLH NOLQLVFKH 5RXWLQH LPSOHPHQWLHUW�

+HXWLJH /|VXQJHQ ]XU hEHUZDFKXQJ GHU 9LWDOSDUDPHWHU EDVLHUHQ QRFK DXI GHP 3ULQ]LS DXV

GHQ ����HU -DKUHQ >�����@� 6REDOG HLQ YRUDE HLQJHVWHOOWHU 9LWDOSDUDPHWHU�*UHQ]ZHUW �EHU�

RGHU XQWHUVFKULWWHQ ZLUG� HUW|QW HLQ $ODUP� *UXQG I�U GLH PDQJHOQGH

,PSOHPHQWLHUXQJVEHUHLWVFKDIW QHXDUWLJHU 7HFKQRORJLHQ DXI GHU ,76 N|QQWH DXI HLQH

XQ]XUHLFKHQGH (LQELQGXQJ GHU $QZHQGHU�LQQHQ LQ )RUVFKXQJ XQG (QWZLFNOXQJ VHLQ� =XGHP

JLEW HV NHLQH XPIDVVHQGH (YLGHQ] XQG 5LFKWOLQLHQ I�U HLQH HUIROJUHLFKH ,PSOHPHQWLHUXQJ

GLJLWDOHU�*HVXQGKHLWVWHFKQRORJLHQ�LQ�VSH]LILVFKHQ�NOLQLVFKHQ�8PJHEXQJHQ�ZLH�GHU�,76�

$XI QDWLRQDOHU (EHQH LVW GHU 'LJLWDOLVLHUXQJVVWDX LQ GLYHUVHQ 6HNWRUHQ LQVEHVRQGHUH LP

*HVXQGKHLWVV\VWHP XQ�EHUVHKEDU� ,Q HLQHU 6WXGLH DXV GHP -DKU ���� GXUFK GLH

%HUWHOVPDQQ 6WLIWXQJ EHOHJW 'HXWVFKODQG LP 9HUJOHLFK ]X �� ZHLWHUHQ HXURSlLVFKHQ

1DWLRQHQ GHQ YRUOHW]WHQ 3ODW] >��@� 'DV %XQGHVPLQLVWHULXP I�U *HVXQGKHLW �%0*� LVW VLFK

VHLW -DKU]HKQWHQ GLHVHU 7DWVDFKH EHZXVVW� GRFK HUVW LP -DKU ���� ZXUGHQ PLW GHP

.UDQNHQKDXV]XNXQIWVJHVHW] �.+=*� .UDQNHQKlXVHUQ ,QYHVWLWLRQVPLWWHO LQ +|KH YRQ

LQVJHVDPW ��� 0UG� (XUR ]XJHVDJW� XP GHQ :HJ LQ GDV GLJLWDOH =HLWDOWHU ]X HEQHQ >��@� )DVW

]ZHL -DKUH QDFK ,QNUDIWWUHWHQ GHV *HVHW]HV LVW MHGRFK LQ GHU 5HJHOYHUVRUJXQJ QRFK LPPHU

NDXP HWZDV ]X VS�UHQ� 6RZRKO GLH ,7�,QIUDVWUXNWXU I�U GHQ LQWHUGLV]LSOLQlUHQ XQG

LQWHUVHNWRUDOHQ NRQWLQXLHUOLFKHQ 'DWHQDXVWDXVFK LQ (FKW]HLW DOV DXFK GLH 9HUQHW]XQJ XQG

1XW]XQJ YRU DOOHP YRQ 9LWDOSDUDPHWHUGDWHQ PLW ZHLWHUHQ *HVXQGKHLWVGDWHQ I�U GLH

SHUVRQDOLVLHUWH XQG SUlGLNWLYH 0HGL]LQ VLQG QRFK ZHLWHU DXV]XEDXHQ� XP HLQHQ 0HKUZHUW I�U

3DWLHQW�LQQHQ ELHWHQ ]X N|QQHQ� 9HUVXFKW PDQ GLH 'LJLWDOLVLHUXQJVVWUDWHJLH DQGHUHU /lQGHU

PLW GHU 'HXWVFKODQGV ]X YHUJOHLFKHQ� VWHOOW PDQ HUQ�FKWHUQG IHVW� GDVV HV ELVKHU NHLQHQ

VWUDWHJLVFKHQ $QVDW] I�U 'HXWVFKODQG JLEW� 6WDWW 5HVVRXUFHQ ]X E�QGHOQ HQWZLFNHOQ QXQ DOOH

UXQG ���� .UDQNHQKlXVHU 'HXWVFKODQGV MHZHLOV XQDEKlQJLJ YRQHLQDQGHU 3DWLHQWHQSRUWDOH�

.RQ]HSWH I�U GLJLWDOH 3IOHJH� XQG %HKDQGOXQJVGRNXPHQWDWLRQ� NOLQLVFKH

(QWVFKHLGXQJVXQWHUVW�W]XQJVV\VWHPH XQG YLHOHV PHKU >��@� 'HQQRFK LVW GDV .+=* DOV HLQ

0HLOHQVWHLQ I�U GLH 'LJLWDOLVLHUXQJ GHU 5HJHOYHUVRUJXQJ HLQ]XVWXIHQ� PLW GHUHQ 6WDUWVFKXVV

QXQ HQGOLFK GLH 0|JOLFKNHLW JHVFKDIIHQ ZLUG� GHQ ,QYHVWLWLRQVVWDX DXI]XKROHQ� XP �EHU GLH

'LJLWDOLVLHUXQJ�KLQDXV�XQVHU�*HVXQGKHLWVV\VWHP�GLJLWDO�]X�WUDQVIRUPLHUHQ�
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�� )UDJHVWHOOXQJ�XQG�=LHOVHW]XQJ

$XV GHU ,PSOHPHQWLHUXQJVZLVVHQVFKDIW LVW EHNDQQW� GDVV GLH (LQEH]LHKXQJ YRQ 1XW]HU�LQQHQ

LQ GLH (QWZLFNOXQJ XQG ,PSOHPHQWLHUXQJ QHXDUWLJHU 6\VWHPH GLH HUIROJUHLFKH

,PSOHPHQWLHUXQJ YHUVWlUNHQ NDQQ� 'LHV OLHJW PLWXQWHU DQ GHU 7DWVDFKH� GDVV 1XW]HU�LQQHQ

3UREOHPH HUNHQQHQ� GLH $X�HQVWHKHQGH E]Z� QLFKW LQ GLH $UEHLWVURXWLQH LQYROYLHUWH

3HUVRQHQ �EHUVHKHQ RGHU GHQHQ VLH NHLQH %HGHXWXQJ ]XPHVVHQ� 'LH YHUPHLQWOLFKH

9HUEHVVHUXQJ YRQ 6\VWHPHQ GXUFK H[WHUQH 3HUVRQHQ NDQQ GHPQDFK ]X HLQHU $EZHLVXQJ

YRQ�9HUlQGHUXQJHQ�GXUFK�GLH�$QZHQGHU�LQQHQ�I�KUHQ�

=LHO GLHVHU $UEHLW LVW HV GDKHU� GDV DNWXHOOH 3DWLHQWHQPRQLWRULQJ DXI GHU ,76 ]XQlFKVW LP

6LQQH HLQHU %HVWDQGVDQDO\VH YRQ $QZHQGHU�LQQHQ EHZHUWHQ ]X ODVVHQ� $QVFKOLH�HQG VROOHQ

KLHUDXV VLFKHUKHLWVUHOHYDQWH $VSHNWH LGHQWLIL]LHUW XQG 0D�QDKPHQ ]XU 6WHLJHUXQJ GHU

3DWLHQWHQVLFKHUKHLW�DEJHOHLWHW�ZHUGHQ�
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�� (UJHEQLVVH

'LH HUVWHQ ]ZHL 2ULJLQDODUEHLWHQ VWHOOHQ 6WXGLHQ GDU� LQ GHQHQ VLFKHUKHLWVUHOHYDQWH $VSHNWH

LQ %H]XJ DXI GDV DNWXHOOH 3DWLHQWHQPRQLWRULQJ GHU ,76 DXV GHU 3HUVSHNWLYH GHU

$QZHQGHU�LQQHQ LGHQWLIL]LHUW ZHUGHQ� ,Q GHQ GDUDXI IROJHQGHQ GUHL $UEHLWHQ ZHUGHQ LQ

ZHLWHUI�KUHQGHQ 6WXGLHQ 6WUDWHJLHQ HQWZLFNHOW� XP 6LFKHUKHLWVGHIL]LWH GHV

$ODUPPDQDJHPHQWV XQG GHU %HQXW]HUREHUIOlFKH YRQ 3DWLHQWHQPRQLWRULQJV\VWHPHQ ]X

HQWVFKlUIHQ VRZLH GLH ,PSOHPHQWLHUXQJ VROFKHU 6\VWHPH QDFKKDOWLJ XQG QXW]HU]HQWULHUW ]X

JHVWDOWHQ�

���� 2ULJLQDODUEHLW �� (UKHEXQJ QXW]HU]HQWULHUWHU NOLQLVFKHU

$QIRUGHUXQJHQ DQ GDV 3DWLHQWHQPRQLWRULQJ DXI GHU

,QWHQVLYVWDWLRQ�PLWWHOV�HLQHV�LQGXNWLYHQ�TXDOLWDWLYHQ�$QVDW]HV
3RQFHWWH $� 6SLHV &� 0RVFK /� 6FKLHOHU 0� :HEHU�&DUVWHQV 6� .UDPSH +�

%DO]HU )� &OLQLFDO 5HTXLUHPHQWV RI )XWXUH 3DWLHQW 0RQLWRULQJ LQ WKH ,QWHQVLYH

&DUH�8QLW��4XDOLWDWLYH�6WXG\��-0,5�0HG�,QIRUP�����������H�����

=LHO GLHVHU 6WXGLH ZDU HV� GLH NOLQLVFKHQ XQG QXW]HU]HQWULHUWHQ $QIRUGHUXQJHQ HLQHV

3DWLHQWHQPRQLWRULQJV GHU =XNXQIW LQ GHU ,QWHQVLYPHGL]LQ ]X HYDOXLHUHQ� +LHU]X VROOWHQ GLH

$XVVDJHQ GHV PHGL]LQLVFKHQ 3HUVRQDOV GHU ,76 ]XP DNWXHOOHQ 3DWLHQWHQPRQLWRULQJ XQG LKUH

(UZDUWXQJHQ DQ ]XN�QIWLJH WHFKQRORJLVFKH (QWZLFNOXQJHQ XQWHUVXFKW ZHUGHQ� 'LH 6WXGLH

ZXUGH DXI GUHL ,76 GHU &KDULWp ± 8QLYHUVLWlWVPHGL]LQ %HUOLQ ]ZLVFKHQ $SULO XQG 0DL ����

GXUFKJHI�KUW� 0LWWHOV HLQHV ]XYRU HQWZLFNHOWHQ /HLWIDGHQV ZXUGHQ ,QWHUYLHZV PLW I�QI

bU]W�LQQHQ� VHFKV 3IOHJHNUlIWHQ XQG YLHU $WHPWKHUDSHXW�LQQHQ GXUFKJHI�KUW XQG

DXIJH]HLFKQHW� 'DV 7UDQVNULSW ZXUGH LP $QVFKOXVV PLW +LOIH GHV

*URXQGHG�7KHRU\�$QVDW]HV��HLQHP�LQGXNWLYHQ�TXDOLWDWLYHQ�$QVDW]��DXVJHZHUWHW�

'LH (UJHEQLVVH ZXUGHQ DXIJHWHLOW LQ �� GLH %HZHUWXQJ GHV DNWXHOOHQ 3DWLHQWHQPRQLWRULQJV� ��

GLH (UZDUWXQJHQ DQ HLQ ]XN�QIWLJHV 6\VWHP XQG �� P|JOLFKH %DUULHUHQ I�U GLH

,PSOHPHQWLHUXQJ QHXHU 7HFKQRORJLHQ� %HL ��� GHU %HZHUWXQJ GHV DNWXHOOHQ 6\VWHPV� ZXUGH

GXUFK GLH 0LWDUEHLWHQGHQ GHU ,76 HLQ JUR�HU :HUW DXI %HQXW]HUIUHXQGOLFKNHLW� ,QWXLWLYLWlW XQG

9LVXDOLVLHUXQJ JHVHW]W� 'LH )XQNWLRQ� VLFK HLQHQ 7UHQG YRQ 9LWDOSDUDPHWHUQ DQ]HLJHQ ]X

ODVVHQ� Z�UGH LP NOLQLVFKHQ $OOWDJ VHOWHQ JHQXW]W� $OV SRWHQ]LHOOH 3UREOHPH I�U GLH

3DWLHQWHQVLFKHUKHLW ZXUGH GXUFK GDV 3HUVRQDO HLQ XQ]XUHLFKHQGHV $ODUPPDQDJHPHQW VRZLH

GLH 9HUNQRWXQJ GHU YLHOHQ YHUVFKLHGHQHQ 3DWLHQWHQPRQLWRULQJNDEHO HLQJHVWXIW� )�U ��� GHQ

(UZDUWXQJHQ DQ HLQ ]XN�QIWLJHV 3DWLHQWHQPRQLWRULQJ� ZXUGH HUQHXW GLH %HGHXWXQJ HLQHU
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KRKHQ %HQXW]HUIUHXQGOLFKNHLW EHWRQW� =XGHP ZXUGHQ GUDKWORVH� QLFKW�LQYDVLYH XQG

LQWHURSHUDEOH hEHUZDFKXQJVVHQVRUHQ JHZ�QVFKW� )�U HLQ )HUQPRQLWRULQJ YRQ 3DWLHQW�LQQHQ

DXI GHP JHVDPWHQ .OLQLNJHOlQGH ZXUGHQ YRP 3HUVRQDO 6PDUWSKRQHV E]Z� NOHLQH 7DEOHWV

JHIRUGHUW� /DXW GHU ,QWHUYLHZWHQ ZHUGHQ ]XGHP /|VXQJHQ I�U GLH 2SWLPLHUXQJ GHV

$ODUPPDQDJHPHQWV EHQ|WLJW� ,Q GLHVHP .RQWH[W ZHUGHQ NOLQLVFKH

(QWVFKHLGXQJVXQWHUVW�W]XQJVV\VWHPH DXI GHU %DVLV YRQ N�QVWOLFKHU ,QWHOOLJHQ] �.,� DOV

Q�W]OLFK DQJHVHKHQ� =X ��� GHQ P|JOLFKHQ %DUULHUHQ I�U GLH ,PSOHPHQWLHUXQJ QHXHU

7HFKQRORJLHQ� JHK|UWHQ ODXW GHP PHGL]LQLVFKHQ 3HUVRQDO PDQJHOQGHV 9HUWUDXHQ LQ

7HFKQRORJLHQ� $QJVW YRU GHP 9HUOXVW NOLQLVFKHU )lKLJNHLWHQ GXUFK GHQ (LQVDW] YRQ

7HFKQRORJLHQ� VWHLJHQGH $UEHLWVEHODVWXQJ GXUFK LQVXIIL]LHQWH E]Z� QLFKW IXQNWLRQLHUHQGH

7HFKQRORJLHQ�XQG�PDQJHOQGH�.HQQWQLV�YRQ�YHUI�JEDUHQ�GLJLWDOHQ�7HFKQRORJLHQ�

'LHVH TXDOLWDWLYH 6WXGLH ]XP 7KHPD 3DWLHQWHQPRQLWRULQJ DXI GHU ,76 EDVLHUW DXI

.HUQDXVVDJHQ YRQ 1XW]HU�LQQHQ GLHVHU 7HFKQRORJLH� 'LH (UJHEQLVVH ]HLJHQ� GDVV GLYHUVH

(QWZLFNOXQJHQ� ]XP %HLVSLHO LP %HUHLFK GHV $ODUPPDQDJHPHQWV� GHU PRELOHQ

)HUQ�EHUZDFKXQJVV\VWHPH RGHU GHU ,QWHURSHUDELOLWlWVVWDQGDUGV� QRWZHQGLJ VLQG�

7HFKQRORJLVFKH )RUWVFKULWWH VROOWHQ VLFK QRFK VWlUNHU DXI GLH YRQ GHQ 1XW]HU�LQQHQ

JHZRQQHQHQ (UNHQQWQLVVH NRQ]HQWULHUHQ� XP GLH 1XW]EDUNHLW XQG $N]HSWDQ] GLHVHU

6\VWHPH ]X RSWLPLHUHQ� 8P GDV 9HUWUDXHQ XQG GDV %HZXVVWVHLQ I�U HLQH GLJLWDOH

*HVXQGKHLWVYHUVRUJXQJ DXI GHU ,76 ]X HUK|KHQ� VROOWH GDV 3HUVRQDO DXI GHQ (LQVDW] QHXHU

7HFKQRORJLHQ YRUEHUHLWHW ZHUGHQ XQG LQ DNWXHOOH )RUVFKXQJVWlWLJNHLWHQ XQG GLH

3URGXNWHQWZLFNOXQJ�PLW�HLQEH]RJHQ�ZHUGHQ�
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RI�IXWXUH�SDWLHQW�PRQLWRULQJ�
0HWKRGV�� 7KLV�SURVSHFWLYH�VWXG\�ZDV�FRQGXFWHG�DW�WKUHH�LQWHQVLYH�FDUH�XQLWV�RI�D�*HUPDQ�XQLYHUVLW\�KRVSLWDO��*XLGHOLQH�EDVHG
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.(<:25'6
SDWLHQW�PRQLWRULQJ��GLJLWDO�KHDOWK��TXDOLWDWLYH�UHVHDUFK��LQWHQVLYH�FDUH�XQLW��LQWHQVLYH�FDUH�PHGLFLQH��PXOWLGLVFLSOLQDU\��XVHU�FHQWHUHG
GHVLJQ��GHVLJQ�WKLQNLQJ��GLJLWDO�OLWHUDF\��JURXQGHG�WKHRU\

Introduction
%DFNJURXQG
,Q� GHFDGHV� WR� FRPH�� GHPRJUDSKLF� GHYHORSPHQWV� DQG� DQ
LQFUHDVLQJ�QXPEHU�RI�FRPRUELGLWLHV�ZLOO�OHDG�WR�DQ�HYHU�ULVLQJ
QXPEHU� RI� FKURQLFDOO\� LOO� SDWLHQWV� LQ� QHHG� RI� LQWHQVLYH� FDUH
WUHDWPHQW� >�@�� 0RUHRYHU�� KHDOWK� FDUH� LQVWLWXWLRQV� DUH� KLJKO\
FKDOOHQJHG�ZLWK�ULVLQJ�ZRUNORDGV��GXH�WR�D�VKRUWDJH�RI�PHGLFDO
VWDII�DQG�DQ�LQFUHDVLQJ�ILQDQFLDO�EXUGHQ�>�@��:LWKLQ�WKLV�FRQWH[W�
UDSLG� DQG� VXVWDLQDEOH� LPSOHPHQWDWLRQ� RI� DGYDQFHG� GLJLWDO
WHFKQRORJLHV�FRXOG�PLWLJDWH�WKLV�GHYHORSPHQW�

&RQWLQXRXV�PRQLWRULQJ�RI�SDWLHQWV�LV�RQH�RI�WKH�PRVW�HVVHQWLDO
FRPSRQHQWV�LQ�LQWHQVLYH�FDUH�PHGLFLQH��ILUVW��WR�QRWLFH�FULWLFDO
FKDQJHV�RI�SDWLHQWV¶�KHDOWK�VWDWXVHV��DQG�VHFRQG��WR�JXLGH�GDLO\
LQWHQVLYH�FDUH�WKHUDS\�>�@��,WV�LPSOHPHQWDWLRQ�OHG�WR�VLJQLILFDQW
LPSURYHPHQWV�LQ�SDWLHQW�VDIHW\�LQ�WKH�LQWHQVLYH�FDUH�XQLW��,&8�
>�@��1RWDEO\��LQ�FRPSDULVRQ�ZLWK�RWKHU�PHGLFDO�GHYLFHV��SDWLHQW
PRQLWRULQJ�LV�XVHG�E\�D�PXOWLGLVFLSOLQDU\�WHDP�RI�SK\VLFLDQV�
QXUVHV��DQG�UHVSLUDWRU\�WKHUDSLVWV�

:LWK�DGYDQFHV�LQ�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV
�,&7V��DQG�PHGLFDO�GHYLFH�WHFKQRORJLHV��QHZ�RSWLRQV�IRU�SDWLHQW
PRQLWRULQJ�DUH�EHLQJ�LQWURGXFHG�WKDW�PD\�SRWHQWLDOO\�LPSURYH
SDWLHQW� VDIHW\� >�@��+RZHYHU��PRVW� RI� WKH�PRQLWRULQJ� GHYLFHV
XVHG�WRGD\��VXFK�DV�WKH�HOHFWURFDUGLRJUDP��(&*��RU�LQYDVLYH
EORRG� SUHVVXUH� PHDVXUHPHQW�� ZHUH� DOUHDG\� DYDLODEOH� LQ� WKH
����V�� XVLQJ� DODUP� WKUHVKROGV� IRU� VLQJOH� VHQVRUV� >���@�
1RZDGD\V�� WHFKQRORJLHV� WR� UHPRWHO\� PRQLWRU� SDWLHQWV� DUH
DYDLODEOH��VXFK�DV�ZLUHOHVV�PRQLWRULQJ�VHQVRUV��HJ��(&*��SXOVH
R[LPHWU\�>���@��DQG�KHPRJORELQ�>��@���QRQLQYDVLYH�PHDVXUHPHQW
RI�KHPRG\QDPLF�SDUDPHWHUV� �HJ��EORRG�SUHVVXUH�DQG�FDUGLDF
RXWSXW� >��@��� DV� ZHOO� DV�PRELOH� FRPPXQLFDWLRQ� GHYLFHV� �HJ�
PRELOH� SKRQHV� DQG� WDEOHWV�� >�����@�� )XUWKHUPRUH�� FOLQLFDO
GHFLVLRQ�VXSSRUW�V\VWHPV��&'66��EDVHG�RQ�DUWLILFLDO�LQWHOOLJHQFH
FDQ�DVVLVW�SK\VLFLDQV�E\�DQDO\]LQJ�PXOWLSOH�SDUDPHWHUV�WR�GHWHFW
HDUO\� LQGLFDWLRQV� RI� VHSVLV�� UHVSLUDWRU\� IDLOXUH�� RU� EOHHGLQJ
>�����@�

'HVSLWH�WKHVH�WHFKQRORJLFDO�GHYHORSPHQWV��WKH�LQWURGXFWLRQ�RI
QRYHO� SDWLHQW� PRQLWRULQJ� DSSOLFDWLRQV� LQ� WKH� ,&8� UHPDLQV� D
ODJJLQJ�SURFHVV�FRPSDUHG�WR�RWKHU�LQGXVWU\�VHFWRUV�>�����@��7KH
PDQLIROG� UHDVRQV� IRU� WKLV� FRXOG� EH� URRWHG� LQ� D�PLVPDWFK� RI
H[SHFWDWLRQV� DQG� DVVXPSWLRQV� E\� FOLQLFDO� XVHUV� DQG
PDQXIDFWXUHUV�DERXW�QRYHO�SDWLHQW�PRQLWRULQJ�>�����@�

$LP
7KLV� TXDOLWDWLYH� VWXG\� HYDOXDWHG� VWDWHPHQWV� E\� ,&8
VWDII²SK\VLFLDQV��QXUVHV��DQG�UHVSLUDWRU\�WKHUDSLVWV²RQ�FXUUHQW
SDWLHQW� PRQLWRULQJ�� 7KLV� VWXG\� DOVR� HYDOXDWHG� WKH� VWDII¶V
H[SHFWDWLRQV�IRU�IXWXUH�WHFKQRORJLFDO�GHYHORSPHQWV�WR�H[SORUH
FOLQLFDO�UHTXLUHPHQWV�DQG�EDUULHUV�WR�WKH�LPSOHPHQWDWLRQ�RI�D
QRYHO�PRQLWRULQJ�V\VWHP��:H�DLPHG�WR�H[SORUH�GHVLUHV��FRQFHUQV�
DQG�SHUFHLYHG�FKDOOHQJHV�RI� ,&8�VWDII�RQ�SDWLHQW�PRQLWRULQJ
WKDW�PD\�VWLPXODWH�UDSLG�DQG�VXVWDLQDEOH�WHFKQRORJLFDO�DGDSWLRQ
LQ�WKH�,&8�

Methods
(WKLFV�$SSURYDO�DQG�&RQVHQW�WR�3DUWLFLSDWH
(WKLFDO� DSSURYDO� IRU� WKLV� VWXG\� ZDV� SURYLGHG� E\� WKH� HWKLFV
FRPPLWWHH�RI�WKH�&KDULWHғ²8QLYHUVLWDࡇWVPHGL]LQ�%HUOLQ��*HUPDQ\
�($�����������$OO�SDUWLFLSDQWV�JDYH�WKHLU�FRQVHQW�SULRU�WR�WKH
VWXG\�

6HWWLQJ
7KLV�VWXG\�ZDV�FRQGXFWHG�DW�WKUHH�,&8V�RI�D�*HUPDQ�XQLYHUVLW\
KRVSLWDO� DV�D�SUHOLPLQDU\�VWXG\�RI� WKH� LPSOHPHQWDWLRQ�RI� WKH
9LWDO�6\QF�YLUWXDO�SDWLHQW�PRQLWRULQJ�SODWIRUP������GHYHORSHG
E\�0HGWURQLF�SOF��7KLV�QHZ�V\VWHP�ZDV�LQVWDOOHG�LQ�RQH�RI�WKH
WKUHH�,&8V�WR�PRQLWRU�SDWLHQWV�UHPRWHO\�DQG�ZDV�XWLOL]HG�DIWHU
FRPSOHWLRQ�RI�GDWD�FROOHFWLRQ�IRU�WKLV�VWXG\��,Q�DOO�WKUHH�,&8V�
WKH�3KLOLSV�,QWHOOL9XH�SDWLHQW�PRQLWRULQJ�V\VWHP�ZDV�LQVWDOOHG
DW� WKH� WLPH� RI� WKH� VWXG\� �0;���� VRIWZDUH� YHUVLRQ�0�������
006�;��VRIWZDUH�YHUVLRQ�+�������0���������7KH�&235$��
SDWLHQW�GDWD�PDQDJHPHQW�V\VWHP��3'06���GHYHORSHG�E\�&235$
6\VWHP�*PE+��ZDV�XVHG�LQ�DOO�,&8V�

5HVHDUFK�7HDP�DQG�6WXG\�'HVLJQ
7KH�UHVHDUFK�WHDP�FRQVLVWHG�RI�D�SRVWGRFWRUDO�UHVHDUFKHU�ZLWK
D� EDFNJURXQG� LQ� DQHVWKHVLRORJ\�� JHULDWULFV�� LQWHQVLYH� FDUH
PHGLFLQH��DQG�GLJLWDO�KHDOWK� �$63���D� VHQLRU�PHGLFDO�VWXGHQW
ZLWK�D�VWURQJ�DIILQLW\�IRU�GLJLWDO�KHDOWK��/0���D�SURIHVVRU�IRU
GLJLWDO� KHDOWK�� ZKR� LV� D� FRQVXOWDQW� DQHVWKHVLRORJLVW� DQG� D
FRPSXWHU� VFLHQWLVW� �)%��� D� SV\FKRORJLVW� �+.��� D� KHDG� QXUVH
�06���WKH�,&8�VHQLRU�FRQVXOWDQW��6:&���DQG�WKH�GHSDUWPHQW¶V
KHDG�RI�VWDII��&6���7R�PDLQWDLQ�UHIOH[LYLW\��WKH�UHVHDUFK�WHDP
FKDOOHQJHG�HVWDEOLVKHG�DVVXPSWLRQV�LQ�GLVFXVVLRQV�DQG�VKDUHG
GLDULHV�WKURXJKRXW�WKH�VWXG\�

:H� FKRVH� DQ� LQGXFWLYH�� H[SORUDWRU\�� TXDOLWDWLYH� UHVHDUFK
DSSURDFK�XVLQJ�VHPLVWUXFWXUHG�LQWHUYLHZV�DV�GHVFULEHG�HOVHZKHUH
>�����@��7KH�LQGXFWLYH�DSSURDFK�DOORZHG�XV�WR�VLPXOWDQHRXVO\
FROOHFW� DQG� DQDO\]H� GDWD� WR� VHH� LI� DQ\� SDWWHUQV� HPHUJHG� WKDW
ZRXOG�LQIOXHQFH�WKH�VWXG\�GHVLJQ�

'DWD�&ROOHFWLRQ
%HWZHHQ� $SULO� DQG� 0D\� ������ $63� DQG� /0� FRQGXFWHG
IDFH�WR�IDFH� VHPLVWUXFWXUHG� LQWHUYLHZV� ZLWK� �� SK\VLFLDQV� ��
ZRPHQ�� ������ �� QXUVHV� ���ZRPHQ�� ������ DQG� �� UHVSLUDWRU\
WKHUDSLVWV����ZRPDQ�������IURP�WKH�,&8��7KH�PHGLDQ�RI�,&8
H[SHULHQFH�ZDV� �� \HDUV� �UDQJH� ������ IRU� SK\VLFLDQV�� �� \HDUV
�UDQJH�������IRU�QXUVHV��DQG���\HDUV��UDQJH�������IRU�UHVSLUDWRU\
WKHUDSLVWV�� 3XUSRVLYH� VDPSOLQJ� ZDV� HPSOR\HG� WR� HQVXUH� DQ
HYHQO\�GLVWULEXWHG�YDULHW\�RI�SURIHVVLRQDO�VWDII�

7KH�LQWHUYLHZ�GHVLJQ�ZDV�EDVHG�RQ�WKH�UHVHDUFK�TXHVWLRQ�DQG
GHYHORSHG�E\�WKH�UHVHDUFK�WHDP�WKURXJK�FRQVXOWDWLRQ�RI�IXUWKHU
H[SHUWV� IURP� LQWHQVLYH� FDUH� PHGLFLQH� DQG� SV\FKRORJ\�� 3LORW
LQWHUYLHZV�GLG�QRW�DOWHU�WKH�TXHVWLRQV��7KH�GHYHORSHG�TXHVWLRQV
ZHUH�XVHG�DV�D�JXLGH�IRU�WKH�LQWHUYLHZV��JLYLQJ�WKH�LQWHUYLHZHUV
WKH�IUHHGRP�WR�FKDQJH�WKHLU�ZHLJKW�RU�SKUDVLQJ��VHH�7H[WER[
����$GGLWLRQDOO\��WKH�RUGHU�RI�WKH�ILUVW�WKUHH�TXHVWLRQV�FRXOG�EH
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FKDQJHG��7KH�LQWHUYLHZV�ZHUH�FRQGXFWHG�GXULQJ�EUHDNV�EHWZHHQ
SDWLHQW�FDUH�LQ�WKH�,&8��ZHUH�UHFRUGHG�DQG�WUDQVFULEHG�YHUEDWLP
E\�WKH�LQWHUYLHZHUV��DQG�ZHUH�UHYLHZHG�E\�WKH�UHVHDUFKHU�ZKR
KDG�QRW�GRQH�WKH�WUDQVFULSWLRQ��0HGLDQ�LQWHUYLHZ�OHQJWK�ZDV���
PLQXWHV��UDQJH�������

'DWD�$QDO\VLV
$IWHU� WKH�FRPSOHWLRQ�RI� ILYH� LQWHUYLHZV��ZH�EHJDQ�DQDO\]LQJ
WKH� GDWD� WKURXJK� DQ� LQGXFWLYH� DSSURDFK� E\� PHDQV� RI� WKH
JURXQGHG� WKHRU\� >��@�� &RGHV� WKDW� ZHUH� JHQHUDWHG� WKURXJK
OLQH�E\�OLQH� FRGLQJ� RI� WKUHH� SDUWLFXODUO\� GLIIHUHQW� LQWHUYLHZV
UHVXOWHG�LQ�D�FDWHJRU\�V\VWHP��VHH�0XOWLPHGLD�$SSHQGL[����WKDW
ZDV� DGMXVWHG� DQG� H[WHQGHG� E\� DQDO\]LQJ� IXUWKHU� LQWHUYLHZ
WUDQVFULSWV� �VHH� 0XOWLPHGLD� $SSHQGL[� ���� $OO� FRGLQJ� ZDV
SHUIRUPHG�XVLQJ�WKH�0D[4'$������TXDOLWDWLYH�GDWD�DQDO\VLV
VRIWZDUH��7KH� ILUVW� ILYH� LQWHUYLHZV�ZHUH� FRGHG� WZLFH�E\� WZR
LQGHSHQGHQW�UHVHDUFKHUV��$63�DQG�/0���,QFRQVLVWHQFLHV�EHWZHHQ
FRGHUV�ZHUH�GLVFXVVHG� LQ�PHHWLQJV�DPRQJ� WKH� UHVHDUFK� WHDP

XQWLO�D�PXWXDO�DJUHHPHQW�ZDV�DFKLHYHG��$OO�IROORZLQJ�WUDQVFULSWV
ZHUH�FRGHG�E\�RQH�UHVHDUFKHU�DQG�WKH�FRGHV�YDOLGDWHG�E\�DQRWKHU
UHVHDUFKHU�

$IWHU�FRPSOHWLRQ�RI� FRGLQJ�� WKH� UHVHDUFK� WHDP�UHYLHZHG�DQG
VXPPDUL]HG�HDFK�FRUH� VWDWHPHQW� WR�H[WUDFW� WKHPHV� WKDW�ZHUH
UHOHYDQW�WR�WKH�VWXG\�REMHFWLYH��7KURXJKRXW�WKH�SURFHVV�RI�GDWD
DQDO\VLV��WKH�ZHLJKW�DQG�SKUDVLQJ�RI�DOO�TXHVWLRQV�DQG�WKH�RUGHU
RI� WKH� ILUVW� WKUHH�TXHVWLRQV�DVNHG�GXULQJ� WKH� LQWHUYLHZV�ZHUH
DGDSWHG�XVLQJ�D�IHHGEDFN�ORRS�DV�SUHYLRXVO\�GHVFULEHG�>��@��VHH
)LJXUH�����'DWD�FROOHFWLRQ�ZDV� ILQDOL]HG�ZKHQ�QR�QHZ�FRGHV
ZHUH� LGHQWLILDEOH� IURP� QHZ� LQWHUYLHZV� >��@�� 2XW� RI� HDFK
FDWHJRU\��UHSUHVHQWDWLYH�VWDWHPHQWV�ZHUH�VHOHFWHG�DQG�WUDQVODWHG
LQWR�(QJOLVK�

7KH�GDWDVHWV�JHQHUDWHG�DQG�DQDO\]HG�GXULQJ�WKLV�VWXG\�DUH�QRW
SXEOLFO\�DYDLODEOH�GXH�WR�UHDVRQV�RI�GDWD�SULYDF\��KRZHYHU��WKH\
DUH� DYDLODEOH� IURP� WKH� FRUUHVSRQGLQJ� DXWKRU� �)%�� XSRQ
UHDVRQDEOH�UHTXHVW�

7H[WER[����*XLGH�IRU�LQWHQVLYH�FDUH�VWDII�LQWHUYLHZV�

,QWHUYLHZ�TXHVWLRQV�

• +RZ�RIWHQ�GR�\RX�LQWHUDFW�ZLWK�WKH�FXUUHQW�SDWLHQW�PRQLWRULQJ�V\VWHP�DQG�ZKLFK�IHDWXUHV�GR�\RX�XVH"

• 5HJDUGLQJ�WKH�FXUUHQW�SDWLHQW�PRQLWRULQJ�V\VWHP��LV�WKHUH�DQ\WKLQJ�WKDW�\RX�ILQG�SDUWLFXODUO\�XVHIXO"�:KDW�VXJJHVWLRQV�IRU�LPSURYHPHQW�GR�\RX
KDYH"

• *LYHQ�HQGOHVV�ILQDQFLDO�DQG�WHFKQLFDO�UHVRXUFHV��ZKDW�ZRXOG�\RXU�IXWXUH�SDWLHQW�PRQLWRULQJ�V\VWHP�ORRN�OLNH"

• :RXOG�\RX�FRQVLGHU�XVLQJ�D�WDEOHW�IRU�\RXU�FOLQLFDO�ZRUN�UHJDUGLQJ�UHPRWH�SDWLHQW�PRQLWRULQJ"�,Q�ZKLFK�VLWXDWLRQV�ZRXOG�\RX�XVH�LW"

• :RXOG�\RX�FRQVLGHU�XVLQJ�D�FOLQLFDO�GHFLVLRQ�VXSSRUW�V\VWHP�IRU�\RXU�FOLQLFDO�URXWLQH"

• ,Q�\RXU�FOLQLFDO�ZRUNIORZ��LV�LW�LPSRUWDQW�WR�KDYH�D�JUDSKLFDO�YLVXDOL]DWLRQ�RI�SDWLHQWV¶�YLWDO�SDUDPHWHUV�DQG�WKHLU�WUHQGV"�'R�\RX�FRQVLGHU�WUHQG
JUDSKLFV�RI�WKH�SDWLHQW�PRQLWRULQJ�V\VWHP�XVHIXO�IRU�VKLIW�KDQGRYHUV"

• :KDW�LV�PRUH�LPSRUWDQW�WR�\RX��XVDELOLW\�RU�QXPEHU�RI�IHDWXUHV"

)LJXUH����$�IHHGEDFN�ORRS�DGDSWHG�WKH�ZHLJKW�DQG�RUGHU�RI�WKH�LQWHUYLHZ�TXHVWLRQV�WKURXJK�SDUDOOHO�GDWD�FROOHFWLRQ�DQG�HYDOXDWLRQ�DV�SUHYLRXVO\�GHVFULEHG
>��@�

Results
6XPPDU\
7KLV�TXDOLWDWLYH�VWXG\�ZDV�FRQVWUXFWHG�EDVHG�RQ����LQWHUYLHZV
ZLWK�,&8�VWDII�UHJDUGLQJ�WKH�FRPSOH[LW\�RI�SDWLHQW�PRQLWRULQJ
LQ�WKH�,&8��$FFRUGLQJ�WR�RXU�VWXG\�REMHFWLYHV��UHVXOWLQJ�FRGHV

ZHUH�FODVVLILHG�LQWR�WKUHH�PDLQ�FDWHJRULHV������FXUUHQW�SDWLHQW
PRQLWRULQJ�� ���� IXWXUH�SDWLHQW�PRQLWRULQJ��DQG�����EDUULHUV� WR
LPSOHPHQWDWLRQ� RI� QRYHO� SDWLHQW�PRQLWRULQJ�� ,Q� WKH� VXQEXUVW
GLDJUDP��VHH�)LJXUH����� WKH����PRVW�UHOHYDQW�WKHPHV��PLGGOH
ULQJ��ZLWKLQ�WKH�WKUHH�FDWHJRULHV��LQQHU�ULQJ��DUH�YLVXDOL]HG�DQG
VSHFLILHG��RXWHU�ULQJ��
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)LJXUH����:LWKLQ�WKUHH�FDWHJRULHV��LQQHU�ULQJ������WKHPHV��PLGGOH�ULQJ��ZHUH�LGHQWLILHG�DQG�VSHFLILHG��RXWHU�ULQJ��WR�UHIOHFW�WKH�UHTXLUHPHQWV�RI�D�QRYHO
SDWLHQW�PRQLWRULQJ�WHFKQRORJ\�IURP�WKH�YLHZ�RI�LQWHQVLYH�FDUH�VWDII��&'66��FOLQLFDO�GHFLVLRQ�VXSSRUW�V\VWHP�

0RVW� SDUWLFLSDQWV� VDZ� D� QHHG� IRU� LPSURYHPHQW� RI� SDWLHQW
PRQLWRULQJ�LQ�WKH�,&8�WKURXJK�QRYHO�WHFKQRORJ\��QRW�RQO\�IRU
HQKDQFHG�HIILFLHQF\�LQ�URXWLQH�SURFHVVHV��EXW�DOVR�WR�LPSURYH
SDWLHQW�VDIHW\��TXDOLW\�RI�FDUH��VWDII�VDWLVIDFWLRQ��DQG�TXDOLW\�RI
OLIH� IRU� SDWLHQWV� LQ� WKH� ,&8� DV� ZHOO� DV� DIWHU� GLVFKDUJH�
6HOI�HYDOXDWLRQ�E\�SDUWLFLSDQWV�UHJDUGLQJ�WHFKQRORJLFDO�VDYYLQHVV
XVLQJ�D�/LNHUW�VFDOH��ZLWK�VFRUHV�UDQJLQJ�IURP����QR�DIILQLW\�IRU
WHFKQRORJ\��WR����KLJK�DIILQLW\�IRU�WHFKQRORJ\���UHVXOWHG�LQ�WKH
IROORZLQJ�PHGLDQ�VFRUHV��SK\VLFLDQV�������UDQJH�����������QXUVHV�
���� �UDQJH� ���������� DQG� UHVSLUDWRU\� WKHUDSLVWV�� ���� �UDQJH
���������

&XUUHQW�3DWLHQW�0RQLWRULQJ
7KH�LQWHUYLHZHG�,&8�VWDII�UDWHG�WKH�VRIWZDUH�XVDELOLW\�RI�WKH
FXUUHQW�SDWLHQW�PRQLWRULQJ�DV�JRRG ZLWK�VSHFLDO�HPSKDVLV�RQ
LQWXLWLYHQHVV�DQG�XQLIRUPLW\��6WDQGDUG�IHDWXUHV�VXFK�DV�GLVSOD\
RI�YLWDO�SDUDPHWHUV�DQG�FRQILJXUDWLRQ�RI�DODUP�WKUHVKROGV�ZHUH
HDV\�WR�XVH��KRZHYHU��DGYDQFHG�VHWWLQJV�ZHUH�FRQVLGHUHG�GLIILFXOW
WR�VHW�XS�ZLWKRXW�WUDLQLQJ�

,W
V�VRPHWLPHV�YHU\�GLIILFXOW�WR�JHW�DOO�WKH�SDUDPHWHUV
WKDW� ,� DFWXDOO\�ZDQW� RQ� D�PRQLWRU���3DUWO\� LW
V� YHU\
FRPSOLFDWHG�WR�EH�DEOH�WR�DGMXVW�WKH�PRQLWRU�TXLFNO\
DQG�HIIHFWLYHO\��6R�,�RIWHQ�KDYH�WKH�VLWXDWLRQ�WKDW�,�DP
FDOOHG� LQ� E\� WKH� QXUVLQJ� VWDII� EHFDXVH� WKH\� GRQ
W
PDQDJH�WR�GLVSOD\�WKH�SDUDPHWHUV�RQ�WKH�PRQLWRU�WKDW
,�ZRXOG�OLNH�WR�VHH��$QG�WKHQ�LW�FRVWV�PH����PLQXWHV
RI�ZRUN�WKDW�LV�ZDVWHG�GXULQJ�WKH�GD\� >,QWHUYLHZ����
SK\VLFLDQ@

)RU� WKH�YLVXDOL]DWLRQ�RI� VLQJOH�SDUDPHWHUV�� D�JUDSKLFDO� FXUYH
ZDV�VWDWHG�WR�EH�HVVHQWLDO�IRU�IDVWHU�FOLQLFDO�LQWHUSUHWDWLRQV�DQG
WR�HQVXUH�WKH�YDOLGLW\�RI�VHQVRU�PHDVXUHPHQWV��$OO�SURIHVVLRQDO
JURXSV�VWDWHG�WKDW�WKH\�UDUHO\�XVH�WUHQG�DQDO\VLV�RQ�WKH�SDWLHQW
PRQLWRULQJ�GHYLFH��,QVWHDG��WKH�3'06�ZDV�XVHG��DV�LW�SURYLGHV
RWKHU�FOLQLFDO�GDWD�DORQJ�ZLWK�WUHQGV�RI�YLWDO�SDUDPHWHUV�

&RQFHUQLQJ�SDWLHQW�PRQLWRULQJ�IHDWXUHV�XVHG�E\�,&8�VWDII��DODUP
PDQDJHPHQW� ZDV� PHQWLRQHG� PRVW� IUHTXHQWO\�� 1XUVHV� DQG
UHVSLUDWRU\�WKHUDSLVWV�ZRXOG�UHJXODUO\�DGMXVW�DODUP�WKUHVKROGV
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WR�FXUUHQW�SDWLHQW�FRQGLWLRQV��+RZHYHU��DODUP�IDWLJXH�RU�³FU\
ZROI´�VLWXDWLRQV��LH��PXOWLSOH�DODUPV�JRLQJ�RII�DW�WKH�VDPH�WLPH�
ZHUH�FRQVLGHUHG�DV�D�PDMRU�GHILFLW�RI�WKH�FXUUHQW�V\VWHP��OHDGLQJ
WR�VWUHVV�LQ�SDWLHQWV�DQG�VWDII�DQG��SRWHQWLDOO\��UHGXFHG�SDWLHQW
VDIHW\��5HDVRQV�IRU�WKLV�ZHUH�VWDWHG�DV�����WHFKQLFDO��GLIILFXOW�WR
GLVWLQJXLVK�EHWZHHQ�IDOVH�DQG�FULWLFDO�DODUP��DQG�VXVFHSWLELOLW\
WR� HUURU� RI� WKH� (&*�� SHULSKHUDO� FDSLOODU\� R[\JHQ VDWXUDWLRQ
�6S2����DQG�HQG�WLGDO�FDUERQ�GLR[LGH��HW&2���VHQVRUV������SDWLHQW
UHODWHG�� LQWHUIHUHQFH� RI� DUWHIDFWV� UHODWHG� WR� GHOLULXP� �LH�
PRYHPHQW��� VHSVLV� �LH�� FHQWUDOL]HG� FLUFXODWLRQ��� RU� KLJK
SHUVSLUDWLRQ��DQG�����,&8�VWDII�UHODWHG��LQDGHTXDWH�DODUP�K\JLHQH
GXH�WR�ODFN�RI�VWDII�WUDLQLQJ�ZLWK�SDWLHQW�PRQLWRULQJ�DQG�ODFN�RI
VWDII�UHVRXUFHV�

$ODUP�PDQDJHPHQW� LV� UDWKHU� D� ELJ� SUREOHP� LQ� WKH
LQWHQVLYH�FDUH�XQLW��VRPH�SHRSOH�VHW�WKH�DODUP�OLPLWV
YHU\�WLJKWO\��ZKLFK�RIWHQ�OHDGV�WR�IDOVH�DODUPV��,�WKLQN
LW
V� LPSRUWDQW� WR� ZRUN� RQ� WKH� DODUP� PDQDJHPHQW
ZLWKLQ�WKH�WHDP���HVSHFLDOO\�DW�QLJKW��DOVR�WKH�VRXQG
IRU�WKH�SDWLHQWV��:KHQ�WKH�SDWLHQW�LV�VXSSRVHG�WR�VOHHS
DQG�WKHQ�WKH�PRQLWRU�EHHSV�DOO�WKH�WLPH��� >,QWHUYLHZ
S����QXUVH@
7RR�OLWWOH�DODUP�K\JLHQH�LV�EHLQJ�GRQH��7KLV�LV�QRW�GXH
WR� WKH� OD]LQHVV�RI� WKH�SHRSOH��EXW�VLPSO\�GXH� WR� WKH
VWDII� VLWXDWLRQ�� WKHUH� DUH� WRR� IHZ� QXUVHV�� WRR� IHZ
GRFWRUV��7KHUHIRUH��LW�MXVW�EHHSV�YHU\�RIWHQ��$QG�WKH
PRQLWRU�FDQ
W�GLVWLQJXLVK�� LV� WKLV�FULWLFDO�RU�QRW"� ,W
JHWV�LWV�OLPLWV�VHW��DQG�LI�\RX
YH�KDG�DQ�DODUP�ILYH�WLPHV
EHFDXVH�WKH�SDWLHQW�LV�PRYLQJ��DQG�WKHUHIRUH�WKH�KHDUW
UDWH�LV�VXSSRVHGO\�HOHYDWHG��\RX�ZRQ
W�ORRN�DW�LW�WKH
VL[WK� WLPH�� EXW�PD\EH� WKHUH� LV� VRPHWKLQJ� HOVH�� <HV�
WKDW
V�D�ELW�RI�D�SUREOHP��EHFDXVH�RQH�RU� WKH�RWKHU
FULWLFDO� VLWXDWLRQ� LV� RQO\� UHFRJQL]HG� YHU\� ODWH�
>,QWHUYLHZ�����UHVSLUDWRU\�WKHUDSLVW@

/RQJ�GLVWDQFHV� DQG� DQ� DQJOHG� DUFKLWHFWXUH�RI� WKH� ,&8�DORQJ
ZLWK�PLVVLQJ�DGGLWLRQDO�SDWLHQW�PRQLWRULQJ�GLVSOD\V�DW�VWUDWHJLF
SRVLWLRQV� �HJ��FRUULGRU�DQG�GRFWRU¶V�RIILFH��ZHUH� LQGLFDWHG� WR
SRVVLEO\�OHDG�WR�FULWLFDO�VLWXDWLRQV��)XUWKHUPRUH��DOO�LQWHUYLHZHHV
FULWLFL]HG�WKH�HQWDQJOHPHQW�RI�FDEOHV��HVSHFLDOO\�LQ�VLWXDWLRQV
VXFK�DV�EHGGLQJ�DQG� WUDQVSRUW��SRVLQJ�D�PDMRU�SDWLHQW� VDIHW\
LVVXH�

)XWXUH�3DWLHQW�0RQLWRULQJ
3DUWLFLSDQWV� IURP� DOO� SURIHVVLRQDO� JURXSV� HPSKDVL]HG� WKH
LPSRUWDQFH� RI� LQWXLWLYHQHVV� DQG� XVDELOLW\� RI� D� IXWXUH� SDWLHQW
PRQLWRULQJ�V\VWHP��HVSHFLDOO\� LQ�DQ�HPHUJHQF\��ZLWK�RSWLRQV
WR�DGG�PRUH�DGYDQFHG�DQG�LQGLYLGXDO�VHWWLQJV�

6R�LI�\RX�ZDQW�WR�XVH�VRPHWKLQJ�OLNH�WKDW��LW�ZRXOG�EH
JRRG� WR� KDYH� PRUH� IXQFWLRQV� DQG� LQGLYLGXDOL]H
LW���%HFDXVH��,�WKLQN�WR�P\VHOI��LW�LV�SUHFLVHO\�EHFDXVH
RI� WKH� IDFW� WKDW� WKHUH� DUH� VR� PDQ\� GLIIHUHQW
SURIHVVLRQDO�JURXSV�RQ�WKH�PRYH�KHUH��WKDW�D�VHQLRU
SK\VLFLDQ�LQ�WKH�GHSDUWPHQW�PD\�DOVR�KDYH�FRPSOHWHO\
GLIIHUHQW�WKLQJV�WKDW�KH�ILQGV�LPSRUWDQW�WKDQ�SHUKDSV
D� UHVSLUDWRU\� WKHUDSLVW� RU� DQRWKHU� VSHFLDOLVW�
>,QWHUYLHZ�����UHVSLUDWRU\�WKHUDSLVW@
,W�DOO�KDV�WR�EH�VHOI�H[SODQDWRU\�LQ�P\�H\HV�EHFDXVH
ZH�KDYH�WRR�PDQ\�GHYLFHV�WKDW�DUH�FRPSOLFDWHG��VR�LW

ZRXOG�EH�QLFH�LI�LW�ZDV�YHU\�XVHU�IULHQGO\� >,QWHUYLHZ
���UHVSLUDWRU\�WKHUDSLVW@

)XWXUH�FRQFHSWLRQV�ZHUH�PRUH�DFFXUDWH�LQ�PHDVXUHPHQWV��ZKLOH
DW� WKH� VDPH� WLPH� OHVV� LQYDVLYH�� ZLUHOHVV�� DQG� ZLWK� EHWWHU
LQWHURSHUDELOLW\�EHWZHHQ�PHGLFDO�GHYLFHV��IRU�H[DPSOH��DFFHVV
WR�3'06�WKURXJK�SDWLHQW�PRQLWRULQJ�

+RZ�GR� \RX� LPDJLQH� WKH�PRQLWRULQJ� V\VWHP�RI� WKH
IXWXUH" >,QWHUYLHZ�����LQWHUYLHZHU@
&DSWXUH�PRUH�YDOXHV�ZLWK�OHVV�HIIRUW��6R�OHVV�LQYDVLYH
DQG� D� OLWWOH� PRUH� DFFXUDWH�� \HV� >,QWHUYLHZ� ���
UHVSLUDWRU\�WKHUDSLVW@
,Q�DQ\�FDVH��D�ZLUHOHVV�WUDQVPLVVLRQ�RI�WKH�PRQLWRU
ZRXOG�EH�JUHDW��%HFDXVH�WKLV�ZRXOG�RI�FRXUVH�KDYH�D
FOHDU�DGYDQWDJH�IRU�WKH�SDWLHQW�LQ�WHUPV�RI�PRELOLW\�
>,QWHUYLHZ�����UHVSLUDWRU\�WKHUDSLVW@

3DUWLFLSDQWV�IURP�DOO�LQWHUYLHZHG�SURIHVVLRQDO�JURXSV�EHOLHYHG
WKDW� XVLQJ�PRELOH� FRPPXQLFDWLRQ� WHFKQRORJ\�� VXFK� DV� WDEOHW
FRPSXWHUV� RU� PRELOH� SKRQHV�� DV� UHPRWH� SDWLHQW� PRQLWRULQJ
GHYLFHV�FRXOG�LQFUHDVH�SDWLHQW�VDIHW\��UHGXFH�WKH�OHQJWK�RI�VWD\
LQ�WKH�,&8��DQG�LPSURYH�MRE�VDWLVIDFWLRQ�

,�DEVROXWHO\�EHOLHYH�LW�>UHPRWH�SDWLHQW�PRQLWRULQJ@�LV
D�VWHS�LQ�WKH�ULJKW�GLUHFWLRQ��,W�EHQHILWV�WKH�SDWLHQWV�
DIWHU� DOO�� $QG� LQ� WKH� EHVW� FDVH�� LW� PDNHV� WKH� ZRUN
HDVLHU� >,QWHUYLHZ�S����QXUVH@

$�UHGXFWLRQ�RI�VWUHVV�WKURXJK�UHPRWH�SDWLHQW�PRQLWRULQJ��LQ�ERWK
,&8� VWDII� DQG� SDWLHQWV�� ZDV� SRLQWHG� RXW� DQG� MXVWLILHG� E\
RSWLPL]HG�DODUP�PDQDJHPHQW��LH��WKH�SRVVLELOLW\�WR�FDQFHO�IDOVH
DODUPV�IURP�D�PRELOH�GHYLFH�DQG��WKXV��OHVV�QRLVH�SROOXWLRQ��

$QG� LI� ,� DOVR� KDG� WKH� RSWLRQ� RI� FDQFHOLQJ� >IDOVH@
DODUPV�ZKLOH�VLWWLQJ�DW�WKH�3&�ZLWKRXW�KDYLQJ�WR�UXQ
WR� WKH� FHQWUDO� V\VWHP�� ,� WKLQN� WKDW�ZRXOG�PDNH� OLIH
HDVLHU� IRU�PH�� $QG� DERYH� DOO�� LW� ZRXOG� SURWHFW� WKH
SDWLHQW�� <RX� GR� QRW� LJQRUH� IDOVH� DODUPV�� RU� RWKHU
DODUPV��ZKLFK�\RX�LQWHUSUHW�DV�IDOVH�DODUPV²ZKLFK
FDQ� EH� OLIH�WKUHDWHQLQJ²DQG� WKDW� WKH� SDWLHQW� LV
SHUKDSV�OHVV�VWUHVVHG��LI�KH�GRHV�QRW�KHDU�WKHVH�DODUPV
FRQVWDQWO\�DW�KLV�RZQ�EHG���,�WKLQN�,
P�DOVR�SUHYHQWLQJ
GHOLULXP� >,QWHUYLHZ�����SK\VLFLDQ@

7R�UHGXFH�GLVWUDFWLRQV�RI�GRFWRUV�E\�IDOVH�DODUPV��LQWHUYLHZHHV
DOVR�SURSRVHG�DQ�DODUP�ILOWHULQJ�V\VWHP�E\�WKH�QXUVLQJ�VWDII�DQG
FULWLFDO�DODUP�WUDQVPLVVLRQ�WR�WKH�GRFWRU¶V�PRELOH�GHYLFH�

,I� \RX� JHW� GLVWUDFWHG� E\� RWKHU� WKLQJV� DJDLQ� DQG
DJDLQ���,� WKLQN�\RX�DFFRPSOLVK� OHVV� LQ� WKH� WLPH�\RX
KDYH�� $QG�� WKHUHIRUH�� UHODWHG� WR� \RXU� TXHVWLRQ�� RI
FRXUVH�LW�LV�LPSRUWDQW�WKDW�\RX�JHW�DOHUWHG��EXW�LQ�WKH
HQG�� ,� VHH� WKH� QXUVLQJ� VWDII� DV� D� FHUWDLQ� ILOWHU�
>,QWHUYLHZ����SK\VLFLDQ@
)RU�>H[WHUQDO�VWDII�DQG�QHZ�VWDII�PHPEHUV@��,�DFWXDOO\
GRQ
W�ILQG�WKDW�EDG�DW�DOO��7KDW�WKH\�FDQ�MXVW�VD\��³2N�
,�SUHVV�D�EXWWRQ�DQG�NQRZ���ZKHQ�WKH�DODUP�FRPHV�
WKDW�JRHV�WR�WKH�GRFWRU���´�$QG�WKDW�WKLV�PDNHV�WKHP
PRUH�UHOD[HG�DQG�WKH\�GRQ
W�KDYH�WR�VHDUFK�IRU�KLP�
>,QWHUYLHZ����QXUVH@

$�SRLQW�RI�FULWLFLVP�RI�UHPRWH�SDWLHQW�PRQLWRULQJ�ZDV�WKH�IHDU
RI�OHVV�LQWHUSURIHVVLRQDO�FRPPXQLFDWLRQ�DQG�OHVV�SDWLHQW�FRQWDFW
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ZKHQ� WKH�SK\VLFLDQ� LV� LQIRUPHG�YLD�D�PRELOH�GHYLFH�DQG� WKH
DODUPV� DUH� FDQFHOHG� UHPRWHO\�� 7R� DFKLHYH� EHWWHU� WHDPZRUN
UHJDUGLQJ� DODUP� PDQDJHPHQW�� WUDLQLQJ� LQ� LQWHUSURIHVVLRQDO
FRPPXQLFDWLRQ�ZDV�FRQVLGHUHG�QHFHVVDU\�

,� DOVR� ILQG� WKDW� D� ELW� GLIILFXOW�� EHFDXVH� WKHQ� WKH
FRPPXQLFDWLRQ�MXVW�EUHDNV�GRZQ�D�ELW��%HFDXVH�,�OLNH
WR�JR�WR�WKH�GRF�DQG�VD\��³+H\��KHUH��,�QRWLFHG�WKDW�
VKRXOG�,�GR�VRPHWKLQJ�QRZ"´ >,QWHUYLHZ����QXUVH@

6WDII� H[SHFWDWLRQV� UHJDUGLQJ� WKH� LPSOHPHQWDWLRQ�RI� D�&'66�
LQFOXGLQJ�DUWLILFLDO�LQWHOOLJHQFH�LQ�PRQLWRULQJ��ZHUH�DPELYDOHQW�
KRZHYHU��DQ�DXWRPDWLF�DGMXVWPHQW�RI�DODUP�WKUHVKROGV�WKURXJK
WUHQG�DQDO\VLV�DQG�WKH�&'66�ZDV�VXJJHVWHG��&ULWLFDO�DWWLWXGHV
UHVXOWHG�IURP�ODFN�RI�WUXVW�LQ�WKH�&'66��WKH�LQWHUYLHZHHV�VWUHVVHG
SODXVLELOLW\�WR�HVWLPDWH�WKH�YDOLGLW\�RI�&'66�UHFRPPHQGDWLRQV
LQ�WKHLU�FOLQLFDO�ZRUN�URXWLQH�

$QG� LI� ,�GRQ
W�XQGHUVWDQG� WKH�SK\VLRORJ\�EHKLQG� LW�
DOVR�LQ�KXPDQV��DQG�RQO\�VWLFN�WR�WKHVH�WKHRUHWLFDOO\
FDOFXODWHG� YDOXHV� WKHUH�� WKHQ� ,� WKLQN� PLVWDNHV� ZLOO
RFFXU���6R� D� EDVLF� HGXFDWLRQ� LQ� WKH� EDVLF
XQGHUVWDQGLQJ�RI�SK\VLRORJ\�DQG�DOVR�RI�WHFKQRORJ\�
KRZ� WKHVH� OLPLWV� DQG� SDUDPHWHUV� DQG
UHFRPPHQGDWLRQV�DULVH��VKRXOG�EH�DEVROXWHO\�WKHUH�
>,QWHUYLHZ�����SK\VLFLDQ@

,Q� WHUPV� RI� KDUGZDUH� GHVLJQ� IRU� UHPRWH� SDWLHQW� PRQLWRULQJ�
VHYHUDO�LQWHUYLHZHHV�RI�DOO�SURIHVVLRQV�DJUHHG�WKDW�D�ODUJH�WDEOHW
ZDV�DSSOLFDEOH�IRU�VWDWLRQDU\�XVH�EHFDXVH�LW�ZRXOG�SURYLGH�D
EHWWHU�RYHUYLHZ��+RZHYHU��PRVW�RI� WKH� LQWHUYLHZHG�VWDII�VDLG
WKH\�ZRXOG�SUHIHU�XVLQJ�D�VPDOO�GHYLFH��HYHQ�WKHLU�RZQ�PRELOH
SKRQH��ZKLFK�ZRXOG�RIIHU�JUHDWHU�PRELOLW\�VLQFH�WKH�SRFNHWV�RI
WKH�VFUXEV�DUH�WRR�VPDOO�IRU�ODUJHU�GHYLFHV�

,I�,�KDG�WR�FDUU\�LW�>WKH�WDEOHW@�ZLWK�PH�DOO�WKH�WLPH�
WKHQ�LW�ZRXOG�KDYH�WR�EH�WKH�VL]H�RI�D�VFUXEV�SRFNHW�
>,QWHUYLHZ����QXUVH@
,I� LW� LV� VWDWLRQDU\�� WKHQ� UDWKHU� ODUJH� >GLVSOD\@� WR
SURYLGH�D�JRRG�RYHUYLHZ� >,QWHUYLHZ����QXUVH@

%DUULHUV�WR�,PSOHPHQWDWLRQ�RI�1RYHO�3DWLHQW
0RQLWRULQJ
:H�LGHQWLILHG�D�ODFN�RI�WUXVW�LQ�WHFKQRORJ\�DV�WKH�JUHDWHVW�EDUULHU
WR�WKH�LPSOHPHQWDWLRQ�RI�QRYHO�SDWLHQW�PRQLWRULQJ�GHYLFHV�LQ
WKH�,&8�

,� WKLQN�LW
V� LPSRUWDQW� WR�EH�DW� WKH�SDWLHQW
V�EHGVLGH�
ORRN�DW�WKH�SDWLHQW��DQG�QRW�MXVW�UHO\�RQ�VRPH�NLQG�RI
PRQLWRULQJ� >,QWHUYLHZ�����SK\VLFLDQ@

,&8�VWDII�IHDUHG�WKH�LPSOHPHQWDWLRQ�RI�QHZ�WHFKQRORJ\�LQ�WKH
,&8�WKDW�ZRXOG�LQFUHDVH�ZRUNORDGV�LQ�D�VHWWLQJ�ZKHUH�WLPH�DQG
UHVRXUFHV�DUH�DOUHDG\�VFDUFH�

:H�KDYH�D�ORW�RI�OHDVLQJ�VWDII�>H[WHUQDO�VWDII@��DQG�ZH
DUH� D� QHZO\� DVVHPEOHG� WHDP²,� WKLQN� LW� >QHZ
WHFKQRORJ\@�ZRXOG�VWLOO�EH�GLIILFXOW�WR�LPSOHPHQW�KHUH
DW�WKH�PRPHQW� >,QWHUYLHZ�S����QXUVH@

7KH\�GHPDQGHG�PRUH�WLPH�IRU�XVLQJ�DGYDQFHG�IHDWXUHV�DQG�IRU
WUDLQLQJ�LQ�QHZ�PHGLFDO�GHYLFHV�

,I� ,�KDG�PRUH� WLPH�� WKHQ�,�ZRXOG� OLNH� WR�KDYH�PRUH
IXQFWLRQV� >LQ� SDWLHQW� PRQLWRULQJ@� DQG� ZH� PXVW� EH

WUDLQHG�PRUH�LQWHQVLYHO\�IRU�XVLQJ�WKH�QHZ�>PHGLFDO@
GHYLFHV� >,QWHUYLHZ�S����QXUVH@

:KLOH�VDWLVILHG�ZLWK�WKH�FXUUHQW�V\VWHP��,&8�VWDII�UHSRUWHG�WKDW
QHZ� WHFKQRORJ\� VHHPV�YHU\� FRPSOH[� DQG� WKH\�RIWHQ�GLG�QRW
IRUHVHH�LWV�EHQHILW��%\�XVLQJ�QHZ�WHFKQRORJ\��WKH\�ZHUH�DIUDLG
WR�ORVH�WKHLU�FOLQLFDO�VNLOOV�DQG�KDYH�OHVV�GLUHFW�FRQWDFW�ZLWK�WKH
SDWLHQW�

,�WKLQN�WKDW�ZH�VKRXOG�XVH�RXU�EUDLQ��DQG�WKDW�LW�PDNHV
VHQVH�WR�EH�DEOH�WR�UHO\�RQ�\RXU�RZQ�VHQVHV�LQ�FDVH
RI�D�SRZHU�IDLOXUH��GDUNQHVV��RU�ZKDWHYHU� >,QWHUYLHZ
����SK\VLFLDQ@
:HOO�� ,� WKLQN� WKDW� WKH� PRUH� \RX� JHW� WDNHQ� RII� >E\
WHFKQRORJ\@��WKH�PRUH�\RX�VWRS�WKLQNLQJ��$QG�WKHQ�DQ
(&*�HOHFWURGH�IDOOV�RII��DQG�SHRSOH�WKLQN�WKH�SDWLHQW
LV� DV\VWROLF� DQG� VWDUW� WR� UHVXVFLWDWH� >,QWHUYLHZ� ��
QXUVH@

$GGLWLRQDOO\�� ODFN� RI� DZDUHQHVV� DQG� HGXFDWLRQ� RI� ,&8� VWDII
DERXW�FXUUHQW�WHFKQRORJLFDO�GHYHORSPHQWV�ZDV�LGHQWLILHG�DV�D
SRWHQWLDO�EDUULHU�WR�LPSOHPHQWDWLRQ�

Discussion
3ULQFLSDO�)LQGLQJV
7KLV�TXDOLWDWLYH�LQWHUYLHZ�VWXG\�SURYLGHV�YDOXDEOH�LQVLJKWV�LQWR
WKH�XQGHUVWDQGLQJ�RI� WKH�FRPSOH[LW\�RI�SDWLHQW�PRQLWRULQJ�LQ
WKH�,&8��)RU�WKH�,&8�VWDII��WKH�FXUUHQW�SDWLHQW�PRQLWRULQJ�V\VWHP
ZDV�LQWXLWLYH�WR�XVH�IRU�YLWDO�VLJQ�PRQLWRULQJ��EXW�RWKHU�IHDWXUHV
ZHUH�GLIILFXOW�WR�VHW�XS�GXH�WR�ODFN�RI�WUDLQLQJ�DQG�VWDII�VKRUWDJH�
)XUWKHU��,&8�VWDII�UDWHG�DODUP�IDWLJXH�DQG�HQWDQJOHPHQW�RI�FDEOHV
DV�PDMRU�WKUHDWV�WR�SDWLHQW�VDIHW\�

)RU�IXWXUH�GHYHORSPHQWV��D�PRUH�LQWHURSHUDEOH��LQWXLWLYH�SDWLHQW
PRQLWRULQJ�V\VWHP�ZDV�GHPDQGHG�ZLWK�RSWLRQV�WR�DGG�DGYDQFHG
DQG� LQGLYLGXDO� IHDWXUHV� GHSHQGLQJ� RQ� WKH� SDWLHQWV¶� RU� XVHUV¶
QHHGV�� 9LWDO� SDUDPHWHU� PHDVXUHPHQWV� DQG� DODUPV� VKRXOG� EH
PRUH�VSHFLILF��ZKLOH�EHLQJ�QRQLQYDVLYH�DQG�OHVV�REWUXVLYH��HJ�
ZLUHOHVV���,QWHUHVWLQJO\��LQWHUYLHZHHV�UHFRJQL]HG�PRELOH�SKRQHV
ZLWK� D� ODUJH� VFUHHQ� DV� D� SRWHQWLDO� UHPRWH� SDWLHQW�PRQLWRULQJ
GHYLFH��ZKLFK� FRXOG� UHGXFH� QRLVH� SROOXWLRQ�� LQFUHDVH� SDWLHQW
VDIHW\�� DQG� OHDG� WR�HQKDQFHG� MRE� VDWLVIDFWLRQ��$GGLWLRQDOO\�� D
&'66� EDVHG� RQ� DUWLILFLDO� LQWHOOLJHQFH� FRXOG� RSWLPL]H� DODUP
PDQDJHPHQW� LI�SODXVLEOH� IRU� WKH� ,&8�VWDII��)RU�D�PRUH� UDSLG
LQWURGXFWLRQ�RI�QRYHO�SDWLHQW�PRQLWRULQJ�VROXWLRQV�LQ�WKH�,&8�
SDUWLFLSDQWV�GHPDQGHG�PRUH�WUDLQLQJ�LQ�QHZ�PHGLFDO�GHYLFHV�

$V� D� PDMRU� EDUULHU� WR� WKH� LPSOHPHQWDWLRQ� RI� QRYHO� SDWLHQW
PRQLWRULQJ�� ODFN� RI� ERWK� WUXVW� DQG� DZDUHQHVV� IRU� QRYHO�
LQQRYDWLYH�WHFKQRORJ\�ZDV�LGHQWLILHG��,QWHUYLHZHHV�DOVR�DGPLWWHG
WR�EHLQJ�DIUDLG�WR�ORVH�WKHLU�FOLQLFDO�VNLOOV�DV�D�UHVXOW�RI�KDYLQJ
OHVV�LQWHUSURIHVVLRQDO�FRPPXQLFDWLRQ�DQG�OHVV�FRQWDFW�ZLWK�WKH
SDWLHQW�GXH�WR�QRYHO�SDWLHQW�PRQLWRULQJ�WHFKQRORJ\�

)DOVH�$ODUPV�(QGDQJHU�3DWLHQW�6DIHW\
:KHUHDV� DODUP� PDQDJHPHQW� LV� WKH� PDLQ� IHDWXUH� RI� SDWLHQW
PRQLWRULQJ�XVHG�DW�WKH�VWXG\�VLWHV��FXUUHQWO\�QHLWKHU�UHJXODU�VWDII
WUDLQLQJ�QRU�D�IUDPHZRUN�IRU�DODUP�PDQDJHPHQW�LV�HVWDEOLVKHG�
,Q�WKH�FRQWH[W�ZKHUH�³FU\�ZROI´�VLWXDWLRQV�ZLWK�PXOWLSOH�DODUPV
JRLQJ� RII� DW� WKH� VDPH� WLPH� KDYH� EHFRPH� WKH� VWDQGDUG
HQYLURQPHQW�LQ�WKH�,&8��WKLV�LV�DQ�DODUPLQJ�LQVLJKW�>��@��2I�DOO
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DXGLWRU\� DODUPV�� XS� WR� ����KDYH� EHHQ� GHVFULEHG� WR� EH� IDOVH
DODUPV�WKDW�GR�QRW�FKDQJH�SDWLHQW�WUHDWPHQW�>��@��7KHVH�IDOVH
DODUPV�DUH�D�SURGXFW�RI�D�FRPSOH[�LQWHUSOD\�EHWZHHQ�WKH�SDWLHQW¶V
FRQGLWLRQ��WKH�XVHUV¶�FRPSHWHQFH��DQG�WKH�WHFKQLFDO�IHDWXUHV�RI
WKH�SDWLHQW�PRQLWRULQJ�V\VWHP��)DOVH�DODUPV�GHVHQVLWL]H�FOLQLFDO
VWDII� WR� FULWLFDO� DODUPV� �LH�� DODUP� IDWLJXH�� DQG� SRVH� D� PDMRU
SDWLHQW�VDIHW\�LVVXH��OHDGLQJ�WR�DODUP�UHODWHG�SDWLHQW�GHDWKV�HYHU\
\HDU�>��@��$FFRUGLQJ�WR�RXU�VWXG\�UHVXOWV��SDWLHQW�VDIHW\�PLJKW
DOVR�EH�FRPSURPLVHG�WKURXJK�WKH�FRQVWDQW�QRLVH�SROOXWLRQ�WKDW
LQGXFHV� LQWHUUXSWLRQV�� VWUHVV�� DQG� FRQFHQWUDWLRQ� GLIILFXOWLHV
DPRQJ�WKH�,&8�VWDII�

$OWKRXJK�VHYHUDO�VWUDWHJLHV�KDYH�EHHQ�GHYHORSHG�WR�UHGXFH�IDOVH
DODUPV� LQ� WKH� ,&8�>��������@�� LPSOHPHQWDWLRQ� LQWR�D�FOLQLFDO
URXWLQH�LV�VWLOO�ODFNLQJ��1RWDEO\��WKH�UHGXFWLRQ�RI�DODUPV�GXH�WR
DODUP�PDQDJHPHQW�VWUDWHJLHV�UDQJHV�IURP�����WR�������SHU
,&8��LQGLFDWLQJ�WKH�HIIHFWLYHQHVV�RI�VXFK�VWUDWHJLHV��LQFOXGLQJ
VWDII�WUDLQLQJ�IRU�DQ\�ZDUG�WKDW�XVHV�SDWLHQW�PRQLWRULQJ�GHYLFHV
>�����@�

,QWHURSHUDELOLW\�DQG�8VDELOLW\�RI�'HYLFHV�LQ�,QWHQVLYH
&DUH
7RGD\��PRVW� DFXWH� FDUH�PHGLFDO� GHYLFHV� DUH� QRW� GHVLJQHG� WR
LQWHURSHUDWH� >��@�� 5HPDUNDEO\�� RXU� UHVXOWV� LQGLFDWH� WKDW
UHTXLUHPHQWV�IRU�IXWXUH�SDWLHQW�PRQLWRULQJ�DUH�VWHDGLO\�LQFUHDVLQJ
WR�PRUH� WKDQ� MXVW�PRQLWRULQJ� WKH�YLWDO� SDUDPHWHUV�� ,&8� VWDII
GHPDQG�D�SDWLHQW�PRQLWRULQJ�GHYLFH�WR�LQWHURSHUDWH�ZLWK�RWKHU
PHGLFDO�GHYLFHV�IRU�GHWDLOHG�FRPSDULVRQV�RI�YLWDO�SDUDPHWHUV
DQG�WUHQG�DQDO\VLV�LQ�WKH�FRQWH[W�RI�PHGLFDWLRQ��YHQWLODWLRQ��IOXLG
EDODQFH��DQG�PRUH��DV�UHFHQWO\�VXJJHVWHG�E\�)ORKU�HW�DO�>��@�
7KLV� FRXOG� RSWLPL]H� ZRUNIORZ� DQG� UHGXFH� UHGXQGDQW
GRFXPHQWDWLRQ�LQ�WKH�,&8�

,Q� WHUPV� RI� XVDELOLW\�� ,&8� VWDII� H[SUHVVHG� WKHLU� GHPDQG� IRU
LQWXLWLYH� DQG� UHDFWLYH� V\VWHPV� IRU� FOLQLFDO� XVH��$OWKRXJK� WKH
LPSOHPHQWDWLRQ�RI�HOHFWURQLF�DSSOLFDWLRQV�LQ�KHDOWK�FDUH�GDWHV
EDFN�PRUH�WKDQ�D�GHFDGH��XVDELOLW\²UHIHUULQJ�WR�WKH�HIILFLHQW�
HIIHFWLYH��DQG�VDIH�XVH�RI�WHFKQRORJ\²LV�VWLOO�QRW�IXOO\�RSWLPL]HG
IRU�FOLQLFDO�XVH�>�����@��,Q�WKH�,&8��GLJLWDO�DSSOLFDWLRQV�VKRXOG
QRW�LQGXFH�VWUHVV��,QVWHDG��WKHLU�XVH�VKRXOG�IRFXV�WKH�XVHU�IRU
HIILFLHQW��HIIHFWLYH��DQG�VDIH�ZRUN��,Q�XVDELOLW\�UHVHDUFK��YDULRXV
VLPSOH�DQG�ORZ�FRVW�PHWKRGV�DUH�DYDLODEOH�WKDW�VKRXOG�EH�DSSOLHG
E\�DQ\RQH�ZRUNLQJ�LQ�PHGLFDO�GHYLFH�GHYHORSPHQW�>��@�

)RU�ERWK�LQWHURSHUDELOLW\�DQG�XVDELOLW\��UHJXODU�DGDSWDWLRQ�DQG
DSSOLFDWLRQ�RI�PHGLFDO�GHYLFH�FRPPXQLFDWLRQ��LH��,QVWLWXWH�RI
(OHFWULFDO� DQG� (OHFWURQLFV� (QJLQHHUV� >,(((@� ������� DQG
WHFKQLFDO� VWDQGDUGV� �LH�� ,QWHUQDWLRQDO� (OHFWURWHFKQLFDO
&RPPLVVLRQ� >,(&@� ������� WR� FXUUHQW� GHYHORSPHQWV� PLJKW
PLQLPL]H�XVH�UHODWHG�KD]DUGV�DQG�ULVNV�WR�SDWLHQWV�DQG�,&8�VWDII
>�����@�

0RELOH�3KRQHV�LQ�,QWHQVLYH�&DUH�5RXWLQH
7KH�XVH�RI�WDEOHW�FRPSXWHUV�ZLWK�DFFHVV�WR�HOHFWURQLF�PHGLFDO
UHFRUGV� RU�PXOWLSDUDPHWHU�PRQLWRULQJ�KDV� EHHQ� SHUFHLYHG� DV
EHQHILFLDO�LQ�LQSDWLHQW�VHWWLQJV�>�����@��+RZHYHU��IRU�,&8�VWDII�
ODUJH�WDEOHWV�ZHUH�WRR�EXON\�WR�FDUU\�DURXQG�GXH�WR�WKH�VPDOO
SRFNHWV�RI�WKHLU�VFUXEV��WKH\�LQVWHDG�SUHIHUUHG�VPDOO�WDEOHWV�WKDW
DUH�SRUWDEOH� >��@�RU� ODUJHU�PRELOH�SKRQHV� IRU� UHPRWH�SDWLHQW
PRQLWRULQJ�LQ�WKH�,&8��7KLV�ILQGLQJ�PD\�LQIOXHQFH�IXUWKHU�GHYLFH
GHYHORSPHQWV�IRU�WKH�,&8�DQG�WKH�RSHUDWLQJ�URRP�ZKHUH�VFUXEV

DUH�ZRUQ��5HFHQWO\�UHOHDVHG�IROGDEOH�PRELOH�SKRQHV�FRXOG�EH
DQ� DSSURDFK� WR� FRPELQH� WKH� DGYDQWDJHV� RI� SRFNHW�VL]H� DQG
ODUJH�VFUHHQ�GHYLFHV�>��@��$V�LQGXVWU\�VWDNHKROGHUV�DUH�DOUHDG\
GHYHORSLQJ� DSSV� IRU� PRELOH� GHYLFHV� LQ� WKH� ,&8�� PRUH
LQWHUGLVFLSOLQDU\�VWXGLHV�DUH�QHFHVVDU\�WR�REWDLQ�HDUO\�IHHGEDFN
IURP�FOLQLFLDQV��GHYHORSHUV��DQG�HQJLQHHUV�>�����@�

,Q� WKH� PRYH� WRZDUG� D� ZLGHVSUHDG� LPSOHPHQWDWLRQ� RI
WHOHPHGLFLQH� DQG� UHPRWH� SDWLHQW�PRQLWRULQJ� WHFKQRORJ\� LQWR
YDULRXV�KHDOWK�FDUH�VHFWRUV�LQFOXGLQJ�WKH�,&8��WKH�PRELOH�SKRQH
RU�WDEOHW�FRPSXWHU�FRXOG�HDVLO\�EH�GHSOR\HG�IRU�WKHVH�WDVNV��,&8
VWDII�FODLPHG�WKDW�WKH�OHQJWK�RI�VWD\�LQ�WKH�,&8�FRXOG�EH�UHGXFHG
WKURXJK�WKH�XWLOL]DWLRQ�RI�UHPRWH�SDWLHQW�PRQLWRULQJ��ZKLFK�LV
LQ�OLQH�ZLWK�VHYHUDO�UHFHQW�VWXGLHV�RQ�WHOHPHGLFLQH�>�����@�

&OLQLFDO�'HFLVLRQ�6XSSRUW�6\VWHPV�IRU�$ODUP
0DQDJHPHQW
,QWHJUDWLRQ�RI�QRYHO�PHGLFDO�GHYLFHV�DQG�WHFKQRORJLFDO�DGYDQFHV
UHVXOW� LQ� D� VWHDGLO\� JURZLQJ� DPRXQW� RI� GDWD� WKDW� DUH� EHLQJ
DQDO\]HG�E\�,&8�VWDII�GDLO\�� WKXV�PDNLQJ�DXWRPDWHG�V\VWHPV
EDVHG� RQ� DUWLILFLDO� LQWHOOLJHQFH� D� QHFHVVLW\� IRU� WKH� IXWXUH�
$OWKRXJK�YDULRXV�UHVHDUFK�SURMHFWV�DUH�IRFXVLQJ�RQ�&'66�LQ
WKH�,&8��WUDQVODWLRQ�LQWR�WKH�FOLQLFDO�URXWLQH�LV�ODJJLQJ�IDU�EHKLQG
>��������@�

,Q�RXU�VWXG\��SDUWLFLSDWLQJ�VWDII�VWDWHG�WKDW�WKH\�ZRXOG�XWLOL]H�D
&'66�RQO\�LI�LW�ZDV�SODXVLEOH�DQG�XQGHUO\LQJ�DOJRULWKPV�ZHUH
UHDGLO\� XQGHUVWDQGDEOH�� $� SK\VLFLDQ� DOVR� LQGLFDWHG� WKDW
DSSURSULDWH�WUDLQLQJ�IRU�WKH�DSSOLFDWLRQ�ZRXOG�EH�XVHIXO�WR�DYRLG
PLVXVH�� 7DNLQJ� LQWR� DFFRXQW� WKDW� PRVW� &'66� DUH� EDVHG� RQ
FRPSOH[�PDFKLQH�OHDUQLQJ�PHWKRGV��H[SODLQLQJ�WKH�XQGHUO\LQJ
PHFKDQLVP� WR� LQWHQVLYLVWV� PLJKW� EH� FKDOOHQJLQJ�� +RZHYHU�
SDUWLFLSDQWV� H[SUHVVHG� WKH� QHFHVVLW\� WR� RSWLPL]H�GHWHFWLRQ�RI
IDOVH�DODUPV�ZLWK�D�&'66��7KXV��D�VHOI�OHDUQLQJ�DODUP�V\VWHP
YLD�PDFKLQH�OHDUQLQJ�PLJKW�EH�SUDFWLFDEOH�IRU�WKH�QHDU�IXWXUH
>��@�

)XUWKHUPRUH�� DFFRUGLQJ� WR� LQWHUYLHZHHV�� WUHQG�EDVHG� DODUPV
PLJKW�EH�D�XVHIXO�FRPSOHPHQW�WR�WKH�WUDGLWLRQDO�WKUHVKROG�EDVHG
DODUPV��WKLV�LV�FRQVLVWHQW�ZLWK�D�SXEOLFDWLRQ�E\�&KDUERQQLHU�HW
DO��ZKR�ZDV� DEOH� WR� UHGXFH� ���� RI� IDOVH� DODUPV� E\� XVLQJ� D
WUHQG�EDVHG�DODUP�V\VWHP�LQ�WKH�,&8�>��@�

%XLOGLQJ�7UXVW�LQ�,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ
7HFKQRORJ\
7KH�PRVW�GLVUXSWLYH�LPSOHPHQWDWLRQ�RI�,&7�LQ�LQWHQVLYH�FDUH
PHGLFLQH� LQ� WKH� UHFHQW� SDVW� KDV� EHHQ� WKH� LQWURGXFWLRQ� RI
WHOH�,&8V�� ZKLFK� KDV� EHHQ� DFFRPSDQLHG� E\� VHYHUDO� VWDII
DFFHSWDQFH� VWXGLHV� >��������@�� :LWK� WKH� LPSOHPHQWDWLRQ� RI
WHOH�,&8�WHFKQRORJ\�LQ�H[LVWLQJ�,&8V��,&8�VWDII�DUH�QRW�RQO\
FRQIURQWHG�ZLWK�QRYHO�,&7V��EXW�DOVR�ZLWK�FKDQJHV�LQ�FOLQLFDO
SURFHVVHV�� VXFK� DV� WHDPZRUN�� FRPPXQLFDWLRQ�� DQG� VWDII
VWUXFWXUH�� 7KLV� LV� GXH� WR� WKH� IDFW� WKDW� WKHUDS\� GHFLVLRQV� DUH
LQIOXHQFHG�E\�H[WHUQDO�H[SHUWV��ZKR�PLJKW�EH�XQIDPLOLDU�WR�WKH
,&8�VWDII�RQ�VLWH��,Q�WKLV�FRQVWHOODWLRQ��WUXVW�KDV�WR�EH�IRUPHG
ILUVW�WRZDUG�WKH�QHZ�,&7�DQG�LQ�D�VHFRQG�VWHS�WRZDUG�WKH�H[WHUQDO
H[SHUWV�>��@��:LWK�UHVSHFW�WR�RXU�VWXG\��VLPLODU�FRQFHUQV�ZHUH
UHSRUWHG��DIWHU�WUXVW�LQ�,&7V�DUH�HVWDEOLVKHG��,&8�VWDII�PXVW�DOVR
JHW� IDPLOLDU� ZLWK� WKH� &'66�� LQ� FRQWUDVW� WR� WKH� H[WHUQDO� �LH�
KXPDQ��H[SHUWV��1RWDEO\��RXU�UHVXOWV�GLG�QRW�VKRZ�DQ\�LQIOXHQFH
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RI�SULRU�H[SHULHQFH�ZLWK�WHFKQRORJ\�RQ�WKH�IRUPDWLRQ�RI�WUXVW
>��@�

:H� FRQFOXGH� WKDW� ,&8� VWDII� DUH� UHDG\� DQG� ZLOOLQJ� WR� XVH
PRUH�DGYDQFHG� ,&7� GHYLFHV� LQ� LQWHQVLYH� FDUH� URXWLQH�
1HYHUWKHOHVV��ZLWKRXW�DGHTXDWH�DQG� UHJXODU� WUDLQLQJ� LQ�QRYHO
WHFKQLFDO�DQG�GLJLWDO�GHYLFHV��HYHQ�LQ�DODUP�PDQDJHPHQW��WKH
IXOO�SRWHQWLDO�RI�GLJLWL]DWLRQ�ZLOO�QRW�KDYH�EHHQ�H[KDXVWHG�

'LJLWDO�/LWHUDF\
$V�VXJJHVWHG�LQ�UHFHQW�SXEOLFDWLRQV��JRYHUQPHQWV��KHDOWK�FDUH
LQVWLWXWLRQV��DQG�XQLYHUVLWLHV�VKRXOG�LQFOXGH�GLJLWDO�KHDOWK�FDUH
LQ� WKH�FXUULFXOXP�RI�KLJK�VFKRROV��DV�ZHOO�DV� LQ�PHGLFDO�DQG
QXUVLQJ�VFKRROV��WR�HQVXUH�WKDW�IXWXUH�KHDOWK�FDUH�SURIHVVLRQDOV
DFTXLUH� GLJLWDO� OLWHUDF\� >�����@�� 2XU� ILQGLQJ� RI� ORZ
WHFK�VDYYLQHVV� DPRQJ� ,&8� VWDII� LQGLFDWHV� WKDW� UHJXODU� VWDII
WUDLQLQJ�ZLWK�QRYHO�PHGLFDO�GHYLFHV��VRIWZDUH��DQG�PRELOH�SKRQH
DSSV�PD\�EH�EHQHILFLDO�IRU�VXFFHVVIXO�LPSOHPHQWDWLRQ�RI�IXWXUH
SDWLHQW�PRQLWRULQJ�GHYLFHV�>��������@�

,QQRYDWLRQ� LQ� KHDOWK� FDUH� GHULYHV� IURP� LQWHUGLVFLSOLQDU\
WHDPZRUN� ZLWK� GHYHORSHUV� DQG� PHGLFDO� HQJLQHHUV� >��@�
8QLYHUVLW\�KRVSLWDOV��HVSHFLDOO\��VKRXOG�HPSRZHU�,&8�VWDII�WR
SXUVXH�DFDGHPLF�UHVHDUFK�LQ�WKH�FRQWH[W�RI�,&7�LPSOHPHQWDWLRQ
LQ�WKH�,&8�

'HVLJQ�7KLQNLQJ�LQ�+HDOWK�&DUH
,Q�WKH�FRQWH[W�RI�GLJLWL]DWLRQ�LQ�KHDOWK�FDUH��QRYHO�GLJLWDO�V\VWHPV
RIWHQ� IDLO� DIWHU� LPSOHPHQWDWLRQ� DV� D� UHVXOW� RI� D� ODFN� RI� XVHU
LQYROYHPHQW�>��@��7KH�LPSRUWDQFH�RI�YDOLGDWLRQ�RI�QRYHO�GLJLWDO
KHDOWK�VROXWLRQV�WKURXJK�HDUO\�DQG�FRQWLQXRXV�XVHU�LQYROYHPHQW
LV� RIWHQ� XQGHUHVWLPDWHG� E\� WKH� LQGXVWU\�� KRVSLWDOV�� DQG
JRYHUQPHQWV� >��@��5HDVRQV� IRU� WKLV� LQFOXGH� ODFN�RI� ILQDQFLDO
UHVRXUFHV��GHOD\V�LQ�WLPH�WR�PDUNHW��RU�LJQRUDQFH�DERXW�KRZ�WR
YDOLGDWH�D�GLJLWDO�KHDOWK�SURGXFW�>��@��2QH�ZD\�WR�PLWLJDWH�WKLV
LVVXH�PLJKW�EH�WKH�GHVLJQ�WKLQNLQJ�IUDPHZRUN�DV�D�V\VWHPDWLF
SURFHVV�WKDW�SULRULWL]HV�HPSDWK\�IRU�WKH�XVHUV�ZLWK�WKH�DLP�WR
GHYHORS�D�PRUH�FRPSUHKHQVLYH�DQG�HIIHFWLYH�VROXWLRQ�>��@��,Q
VLWXDWLRQV�ZKHUH�WKH�XVHUV�FDQQRW�SRLQW�RXW�WKHLU�QHHGV��DQDO\]LQJ
WKHLU�EHKDYLRUV�WKURXJK�D�PRUH�XVHU�FHQWHUHG�TXDOLWDWLYH�PHWKRG
VXFK�DV�GHVLJQ�WKLQNLQJ�FDQ�SURYLGH�LQYDOXDEOH�LQVLJKWV�DERXW
WKHLU�XQPHW�GHVLUHV�>��@�

/LPLWDWLRQV
7KURXJK� WKH� XVH� RI� D� TXDOLWDWLYH� LQWHUYLHZ� VWXG\� GHVLJQ��ZH
FRXOG�LGHQWLI\�VHYHUDO�QRYHO�ILQGLQJV�RQ�WKH�WKHPHV�RI�SDWLHQW
PRQLWRULQJ�IURP�WKH�SHUVSHFWLYH�RI�,&8�VWDII��+RZHYHU��DV�D
GHVFULSWLYH�DSSURDFK��TXDQWLILFDWLRQ�RI�VWDWHPHQWV�LV�QRW�SRVVLEOH
E\�GHVLJQ��:KHQ�LQWHUSUHWLQJ�WKH�UHVXOWV��LW�LV�FUXFLDO�WR�WDNH�LQWR
DFFRXQW�WKH�VPDOO�QXPEHU�RI�SDUWLFLSDQWV�RI�D�VLQJOH�KRVSLWDO
�LH�� WKUHH� ,&8V�� DQG� SRVVLEOH� ELDVHV� GXH� WR� WKH� VHOHFWLRQ� RI
SDUWLFLSDQWV�� 7KLV�PDNHV� WKH� JHQHUDOL]DWLRQ� WR� RWKHU� KRVSLWDO
VHWWLQJV� RU� FRXQWULHV� GLIILFXOW�� $� IROORZ�XS�� TXDQWLWDWLYH�
VXUYH\�EDVHG�VWXG\�ZLWK�D�ODUJHU�FRKRUW�PD\�EH�FRQGXFWHG�RQ
WKH�EDVLV�RI�WKLV�VWXG\�WR�IXUWKHU�FRQVROLGDWH�WKH�UHVXOWV�

0RUHRYHU��LW�LV�QRW�SRVVLEOH�WR�GUDZ�FRQFOXVLRQV�DERXW�ZKHWKHU
D�QRYHO�SDWLHQW�PRQLWRULQJ�V\VWHP�FDQ�LPSURYH�SDWLHQWV¶�TXDOLW\
RI� OLIH� RU� TXDOLW\� RI� FDUH� LQ� WKH� ,&8�� ,QWHUGLVFLSOLQDU\
LQYHVWLJDWLRQV�ZLWK�SDWLHQWV��WKHLU�UHODWLYHV��KHDOWK�FDUH�SURYLGHUV�
DQG�WHFKQLFLDQV��LH��,7�DQG�HQJLQHHULQJ��PLJKW�VKHG�OLJKW�RQ�WKLV
TXHVWLRQ��)LQDOO\��D�ELDV�GXH�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�9LWDO
6\QF�YLUWXDO�SDWLHQW�PRQLWRULQJ�SODWIRUP�FDQQRW�EH�H[FOXGHG
ZLWK�FHUWDLQW\�

&RQFOXVLRQV
7KLV�TXDOLWDWLYH�VWXG\�LQYROYHV�FRUH�VWDWHPHQWV�E\�,&8�VWDII�LQ
WKH�DQDO\VLV�RI�FXUUHQW�DQG�QRYHO�SDWLHQW�PRQLWRULQJ�DSSOLFDWLRQV
LQ�WKH�,&8��,Q�RUGHU�WR�LQWURGXFH�PRUH�VXVWDLQDEOH�GLJLWDO�KHDOWK
VROXWLRQV� LQ� WKH� ,&8��KHDOWK�FDUH� VWDNHKROGHUV�PLJKW�KDYH� WR
IRFXV�PRUH�RQ�XVHU�GHULYHG�ILQGLQJV�WKDQ�WRS�GRZQ�VSHFXODWLRQV�
%\�YDOXLQJ�WKH�RSLQLRQV�RI�KHDOWK�FDUH�SURYLGHUV��ZH�PD\�JDLQ
WKHLU�WUXVW�WR�LPSOHPHQW�QRYHO�V\VWHPV�

,Q� SDUWLFXODU�� WKH� UHVXOWV� RQ� DODUP� PDQDJHPHQW� DQG� PRELOH
GHYLFHV�LQ�WKH�,&8�PD\�EH�XVHG�����E\�KHDOWK�FDUH�RUJDQL]DWLRQV
WR�SUHSDUH�,&8�VWDII�IRU�GLJLWDO�WUDQVIRUPDWLRQ������E\�UHVHDUFK
LQVWLWXWHV� WR� UHGXFH� DODUP� IDWLJXH�� ���� E\� LQGXVWU\� SOD\HUV� WR
HPEUDFH� PHGLFDO� GHYLFH� XVDELOLW\�� DQG� ���� E\� SROLWLFDO
VWDNHKROGHUV�DQG�GHFLVLRQ�PDNHUV�WR�DGYDQFH�LQWHURSHUDELOLW\
VWDQGDUGV�LQ�LQWHQVLYH�FDUH�PHGLFLQH�

2XU� ILQGLQJV� VKRXOG� PRWLYDWH� RWKHU� UHVHDUFKHUV� WR� FRQGXFW
TXDOLWDWLYH�SDWLHQW��DQG�XVHU�FHQWHUHG�UHVHDUFK�LQ�KHDOWK�FDUH�
HVSHFLDOO\� EHIRUH� GHYHORSLQJ� RU� LPSOHPHQWLQJ� SUHPDWXUH
WHFKQRORJLFDO�VROXWLRQV�

�

$FNQRZOHGJPHQWV
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�1LFRODV�)URPP��6DELQH�*HKUNH�%HFN��DQG�1LNODV�.HOOHU�IRU�VXSSRUWLQJ�WKH�FRQFHSWLRQ�RI�WKH
VWXG\�GHVLJQ�DQG�WKH�GDWD�DQDO\VLV�ZLWK�WKHLU�EDFNJURXQGV�LQ�VRFLDO�VFLHQFHV��JHQHUDO�PHGLFLQH��DQG�SV\FKRORJ\��UHVSHFWLYHO\��7KH
DXWKRUV�ZRXOG�DOVR�OLNH�WR�WKDQN�WKH�VWDII�IURP�WKH�LQWHQVLYH�FDUH�XQLWV�IRU�WKHLU�SDUWLFLSDWLRQ�LQ�WKLV�VWXG\��7KLV�VWXG\�ZDV�SDUWLDOO\
VXSSRUWHG�E\�DQ�XQUHVWULFWHG�JUDQW�IURP�(LQVWHLQ�&HQWHU�'LJLWDO�)XWXUH��:H�DFNQRZOHGJH�VXSSRUW�IURP�WKH�*HUPDQ�5HVHDUFK
)RXQGDWLRQ��')*��DQG�WKH�2SHQ�$FFHVV�3XEOLFDWLRQ�)XQG�RI�&KDULWp²8QLYHUVLWlWVPHGL]LQ�%HUOLQ�

&RQIOLFWV�RI�,QWHUHVW
&6�DQG�)%�UHSRUW�IXQGLQJ�IURP�0HGWURQLF��7KH�RWKHU�DXWKRUV�GR�QRW�GHFODUH�D�FRQIOLFW�RI�LQWHUHVW�

$XWKRUV
�&RQWULEXWLRQV
&6�KDG�WKH�LGHD�IRU�VKDUHG�GHFLVLRQ�DOORFDWLRQ�DQG�LQLWLDWHG�WKH�LPSOHPHQWDWLRQ�RI�UHPRWH�SDWLHQW�PRQLWRULQJ�LQ�WKH�LQWHQVLYH�FDUH
XQLW��7KH�VWXG\�ZDV�FRQFHLYHG�E\�$63��&6��DQG�)%��$63�DQG�/0�FRQGXFWHG�GDWD�DFTXLVLWLRQ�DQG�DQDO\VHV��VXSSRUWHG�E\�06�DQG
6:6��ZKR�SURYLGHG�SHUVSHFWLYHV�IURP�FOLQLFDO�URXWLQH�DQG�PDQDJHPHQW��$63�ZURWH�WKH�PDQXVFULSW�ZLWK�VXSSRUW�IURP�/0��+.
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FRQWULEXWHG�WR�WKH�VWXG\¶V�PHWKRGRORJ\�DQG�LQWHUSUHWDWLRQ�RI�UHVXOWV�IURP�D�SV\FKRORJLVW¶V�SRLQW�RI�YLHZ��)%�VXSHUYLVHG�DOO�SDUWV
RI�WKH�VWXG\��$OO�DXWKRUV�FULWLFDOO\�UHYLHZHG�DQG�DSSURYHG�WKH�PDQXVFULSW�

0XOWLPHGLD�$SSHQGL[��
&DWHJRU\�V\VWHP�WKDW�ZDV�FRQVWUXFWHG�WKURXJK�OLQH�E\�OLQH�FRGLQJ�RI�WKH�LQWHUYLHZ�WUDQVFULSWV�

>3')�)LOH��$GREH�3')�)LOH������.% ��PHGLQIRUPBY�L�H�����BDSS��SGI @

0XOWLPHGLD�$SSHQGL[��
&DWDORJ�ZLWK�TXRWHV�IURP�LQWHQVLYH�FDUH�XQLW��,&8��VWDII�UHJDUGLQJ�SDWLHQW�PRQLWRULQJ�

>3')�)LOH��$GREH�3')�)LOH������.% ��PHGLQIRUPBY�L�H�����BDSS��SGI @

5HIHUHQFHV
�� =LPPHUPDQ�-(��.UDPHU�$$��.QDXV�:$��&KDQJHV�LQ�KRVSLWDO�PRUWDOLW\�IRU�8QLWHG�6WDWHV�LQWHQVLYH�FDUH�XQLW�DGPLVVLRQV

IURP������WR�������&ULW�&DUH������$SU����������5���>)5((�)XOO�WH[W@�>GRL����������FF�����@�>0HGOLQH����������@
�� *XOODQG�$��6KRUWDJH�RI�KHDOWK�ZRUNHUV�LV�VHW�WR�GRXEOH��VD\V�:+2��%0-������1RY��������I������>GRL����������EPM�I����@

>0HGOLQH����������@
�� .LSQLV�(��5DPVLQJK�'��%KDUJDYD�0��'LQFHU�(��&DQQHVVRQ�0��%URFFDUG�$��HW�DO��0RQLWRULQJ�LQ�WKH�LQWHQVLYH�FDUH��&ULW�&DUH

5HV�3UDFW������������������>)5((�)XOO�WH[W@�>GRL���������������������@�>0HGOLQH����������@
�� 0RUHQR�53��5KRGHV�$��'RQFKLQ�<��(XURSHDQ�6RFLHW\�RI�,QWHQVLYH�&DUH��3DWLHQW�VDIHW\�LQ�LQWHQVLYH�FDUH�PHGLFLQH��7KH

'HFODUDWLRQ�RI�9LHQQD��,QWHQVLYH�&DUH�0HG������2FW������������������>)5((�)XOO�WH[W@�>GRL����������V����������������@
>0HGOLQH����������@

�� 0LFKDUG�)��+HPRG\QDPLF�PRQLWRULQJ�LQ�WKH�HUD�RI�GLJLWDO�KHDOWK��$QQ�,QWHQVLYH�&DUH������'HF���������>)5((�)XOO�WH[W@
>GRL����������V����������������@�>0HGOLQH����������@

�� 'UHZV�)$��3DWLHQW�PRQLWRUV�LQ�FULWLFDO�FDUH��/HVVRQV�IRU�LPSURYHPHQW��,Q��+HQULNVHQ�.��%DWWOHV�-%��.H\HV�0$��*UDG\�0/�
HGLWRUV��$GYDQFHV�LQ�3DWLHQW�6DIHW\��1HZ�'LUHFWLRQV�DQG�$OWHUQDWLYH�$SSURDFKHV��9ROXPH����3HUIRUPDQFH�DQG�7RROV�
5RFNYLOOH��0'��$JHQF\�IRU�+HDOWKFDUH�5HVHDUFK�DQG�4XDOLW\��$XJ������

�� 7KRPDV�/--��%ODLQH�*-��*HUWK�9:��+DJHQ�5:��&RQWLQXRXV�0RQLWRULQJ�RI�3K\VLRORJLF�9DULDEOHV�ZLWK�D�'HGLFDWHG
0LQLFRPSXWHU��&RPSXWHU������-XO������������>)5((�)XOO�WH[W@�>GRL����������&�0������������@

�� :HOOHU�56��)RDUG�./��+DUZRRG�71��(YDOXDWLRQ�RI�D�ZLUHOHVV��SRUWDEOH��ZHDUDEOH�PXOWL�SDUDPHWHU�YLWDO�VLJQV�PRQLWRU�LQ
KRVSLWDOL]HG�QHXURORJLFDO�DQG�QHXURVXUJLFDO�SDWLHQWV��-�&OLQ�0RQLW�&RPSXW������2FW����������������>GRL�
��������V����������������@�>0HGOLQH����������@

�� %UHWHOHU�0-0��+XL]LQJD�(��YDQ�/RRQ�.��/HHQHQ�/3+��'RKPHQ�'$-��.DONPDQ�&-��HW�DO��5HOLDELOLW\�RI�ZLUHOHVV�PRQLWRULQJ
XVLQJ�D�ZHDUDEOH�SDWFK�VHQVRU�LQ�KLJK�ULVN�VXUJLFDO�SDWLHQWV�DW�D�VWHS�GRZQ�XQLW�LQ�WKH�1HWKHUODQGV��$�FOLQLFDO�YDOLGDWLRQ
VWXG\��%0-�2SHQ������'HF���������H�������>)5((�)XOO�WH[W@�>GRL����������EPMRSHQ������������@�>0HGOLQH����������@

��� %DXOLJ�:��6HLIHUW�%��6SDKQ�'5��7KHXVLQJHU�20��$FFXUDF\�RI�QRQ�LQYDVLYH�FRQWLQXRXV�WRWDO�KHPRJORELQ�PHDVXUHPHQW�E\
3XOVH�&2�2[LPHWU\�LQ�VHYHUH�WUDXPDWL]HG�DQG�VXUJLFDO�EOHHGLQJ�SDWLHQWV��-�&OLQ�0RQLW�&RPSXW������)HE���������������
>GRL����������V����������������@�>0HGOLQH����������@

��� %DO]HU�)��+DELFKHU�0��6DQGHU�0��6WHUU�-��6FKRO]�6��)HOGKHLVHU�$��HW�DO��&RPSDULVRQ�RI�WKH�QRQ�LQYDVLYH�1H[ILQ��PRQLWRU
ZLWK�FRQYHQWLRQDO�PHWKRGV�IRU�WKH�PHDVXUHPHQW�RI�DUWHULDO�EORRG�SUHVVXUH�LQ�PRGHUDWH�ULVN�RUWKRSDHGLF�VXUJHU\�SDWLHQWV��-
,QW�0HG�5HV������$XJ���������������>)5((�)XOO�WH[W@�>GRL��������������������������@�>0HGOLQH����������@

��� +RIIPDQQ�5��0LFKDHOVHQ�-��/DQJHQEULQN�/��.DVWUDWL�0��3LDWNRZVNL�0��+HQJHPXKOH�*��HW�DO��$�QRYHO�(&*�ZDUG�WHOHPHWU\
V\VWHP�ZLWK�VPDUWSKRQH�EDVHG�DODUP�HVFDODWLRQ��,QW�-�&DUGLRYDVF�5HV����������������>GRL���������������������������@

��� 0LFKDUG�)��3LQVN\�05��9LQFHQW�-��,QWHQVLYH�FDUH�PHGLFLQH�LQ�������1(:6�IRU�KHPRG\QDPLF�PRQLWRULQJ��,QWHQVLYH�&DUH
0HG������0DU����������������>GRL����������V���������������]@�>0HGOLQH����������@

��� 0LFKDUG�)��%DUUDFKLQD�%��6FKRHWWNHU�3��,V�\RXU�VPDUWSKRQH�WKH�IXWXUH�RI�SK\VLRORJLF�PRQLWRULQJ"�,QWHQVLYH�&DUH�0HG�����
2FW���������>GRL����������V���������������\@�>0HGOLQH����������@

��� 0H\HU�$��=YHULQVNL�'��3IDKULQJHU�%��.HPSIHUW�-��.XHKQH�7��6�QGHUPDQQ�6+��HW�DO��0DFKLQH�OHDUQLQJ�IRU�UHDO�WLPH�SUHGLFWLRQ
RI�FRPSOLFDWLRQV�LQ�FULWLFDO�FDUH��$�UHWURVSHFWLYH�VWXG\��/DQFHW�5HVSLU�0HG������'HF����������������>GRL�
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$EEUHYLDWLRQV
%LR&RJ� %LRPDUNHU�'HYHORSPHQW�IRU�3RVWRSHUDWLYH�&RJQLWLYH�,PSDLUPHQW�LQ�WKH�(OGHUO\
&'66� FOLQLFDO�GHFLVLRQ�VXSSRUW�V\VWHP
')*� 'HXWVFKH�)RUVFKXQJVJHPHLQVFKDIW
'/5� 'HXWVFKHV�=HQWUXP�I�U�/XIW��XQG�5DXPIDKUW�H9
(&*� HOHFWURFDUGLRJUDP
HW&2�� HQG�WLGDO�FDUERQ�GLR[LGH
,&7� LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJ\
,&8� LQWHQVLYH�FDUH�XQLW
,(&� ,QWHUQDWLRQDO�(OHFWURWHFKQLFDO�&RPPLVVLRQ
,(((� ,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHUV
3'06� SDWLHQW�GDWD�PDQDJHPHQW�V\VWHP
6S2�� SHULSKHUDO�FDSLOODU\�R[\JHQ�VDWXUDWLRQ

(GLWHG�E\�*�(\VHQEDFK��VXEPLWWHG�����������SHHU�UHYLHZHG�E\�&�$XVFKUD��'�7VFKROO��0�YDQ�0RXULN��0�*|UJHV��*�%KXWNDU��FRPPHQWV
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���� 2ULJLQDODUEHLW �� 9DOLGLHUXQJ QXW]HU]HQWULHUWHU NOLQLVFKHU

$QIRUGHUXQJHQ DQ GDV 3DWLHQWHQPRQLWRULQJ DXI GHU

,QWHQVLYVWDWLRQ�DQKDQG�HLQHU�TXDQWLWDWLYHQ�%HIUDJXQJ
3RQFHWWH $� 0RVFK /� 6SLHV &� 6FKPLHGLQJ 0� 6FKLHIHQK|YHO )� .UDPSH +�

%DO]HU )� ,PSURYHPHQWV LQ 3DWLHQW 0RQLWRULQJ LQ WKH ,QWHQVLYH &DUH 8QLW�

6XUYH\�6WXG\��-�0HG�,QWHUQHW�5HV������������H�����

$XIEDXHQG DXI GHU 2ULJLQDODUEHLW � ZDU HV GDV =LHO GLHVHU 6WXGLH� GLH .HUQDXVVDJHQ DXV GHU

YRUKHULJHQ TXDOLWDWLYHQ 6WXGLH PLWWHOV HLQHU TXDQWLWDWLYHQ %HIUDJXQJ ]X YHULIL]LHUHQ� 'DEHL

ZXUGH GHU )RNXV DXI GLH =XIULHGHQKHLW GHV LQWHQVLYPHGL]LQLVFKHQ 3HUVRQDOV PLW GHP

DNWXHOOHQ 3DWLHQWHQPRQLWRULQJ XQG LKUH 9RUVFKOlJH I�U ]XN�QIWLJH 9HUEHVVHUXQJHQ JHVHW]W�

(V VROOWH KHUDXVJHIXQGHQ ZHUGHQ� ZHOFKH )DNWRUHQ GHV 3DWLHQWHQPRQLWRULQJV GLH

3DWLHQWHQYHUVRUJXQJ VW|UHQ E]Z� JHIlKUGHQ� ZHOFKH $Q]HLJHJHUlWH �]��%� 'LVSOD\V� I�U GLH

)HUQ�EHUZDFKXQJ YRQ 3DWLHQW�LQQHQ HLQJHVHW]W ZHUGHQ VROOWHQ� ZHOFKH $QZHQGXQJVIlOOH I�U

., DXV 6LFKW GHV 3HUVRQDOV GHQNEDU ZlUHQ XQG RE GLH 0LWDUEHLWHQGHQ GHU ,76 EHUHLW ZlUHQ�

LKUH GLJLWDOHQ .RPSHWHQ]HQ ]X YHUEHVVHUQ RGHU ]XU 9HUEHVVHUXQJ YRQ

3DWLHQWHQPRQLWRULQJV\VWHPHQ EHL]XWUDJHQ� =XGHP VROOWHQ 8QWHUVFKLHGH LQ GHQ $QWZRUWHQ

GHU�%HUXIVJUXSSHQ��bU]W�LQQHQ��3IOHJHSHUVRQDO��DXIJHGHFNW�ZHUGHQ�

'LHVH TXDQWLWDWLYH %HIUDJXQJ ZXUGH DQ YLHU ,QWHQVLYVWDWLRQHQ GHU &KDULWp ±

8QLYHUVLWlWVPHGL]LQ %HUOLQ ]ZLVFKHQ 1RYHPEHU ���� XQG -DQXDU ���� GXUFKJHI�KUW� 'HU

ZHEEDVLHUWH )UDJHERJHQ PLW �� )UDJHQ ZXUGH DXI *UXQGODJH GHU YRUDQJHJDQJHQHQ

TXDOLWDWLYHQ ,QWHUYLHZVWXGLH PLW LQWHQVLYPHGL]LQLVFKHP 3HUVRQDO ]X NOLQLVFKHQ $QIRUGHUXQJHQ

DQ GLH ]XN�QIWLJH 3DWLHQWHQ�EHUZDFKXQJ HQWZLFNHOW� 'LH VWDWLVWLVFKHQ $QDO\VHQ GHU

)UDJHERJHQHUJHEQLVVH XPIDVVWHQ 0HGLDQZHUWH PLW LKUHQ ERRWVWUDSSHG

�����.RQILGHQ]LQWHUYDOOHQ XQG &KL�4XDGUDW�7HVWV� XP GLH 9HUWHLOXQJHQ GHU

)UDJHERJHQDQWZRUWHQ GHU %HUXIVJUXSSHQ ]X YHUJOHLFKHQ� ,QVJHVDPW ZXUGHQ ��� bU]W�LQQHQ

XQG 3IOHJHIDFKSHUVRQHQ GHU ,QWHQVLYVWDWLRQHQ SHU (�0DLO NRQWDNWLHUW� =XVlW]OLFK ZXUGH DXI

GHQ�6WDWLRQHQ�PLWWHOV�$XVKlQJHQ�XQG�)O\HUQ�DXI�GLH�6WXGLH�DXIPHUNVDP�JHPDFKW�

6HFKVXQGDFKW]LJ GHU ��� NRQWDNWLHUWHQ 3HUVRQHQ I�OOWHQ GHQ )UDJHERJHQ DXV� 'LH 0HKUKHLW

JDE DQ� VLFK LP 8PJDQJ PLW GHP 3DWLHQWHQPRQLWRULQJ VLFKHU ]X I�KOHQ� MHGRFK ZXUGHQ KRKH

5DWHQ YRQ IDOVFK SRVLWLYHQ $ODUPHQ XQG GLH YLHOHQ 6HQVRUNDEHO DOV VW|UHQG I�U GLH

3DWLHQWHQYHUVRUJXQJ DQJHVHKHQ� *HIRUGHUW ZXUGHQ GUDKWORVH 6HQVRUHQ� GLH 5HGX]LHUXQJ

YRQ IDOVFK SRVLWLYHQ $ODUPHQ XQG GLH (QWZLFNOXQJ HLQHV .UDQNHQKDXV�6WDQGDUGV I�U GDV

$ODUPPDQDJHPHQW� 'LH $QWZRUWHQ KLQVLFKWOLFK GHU $Q]HLJHJHUlWH I�U HLQH
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3DWLHQWHQIHUQ�EHUZDFKXQJ ]HLJWHQ HLQH 7HQGHQ] ]X NOHLQHQ 7DEOHW�&RPSXWHUQ� 'LH PHLVWHQ

%HIUDJWHQ Z�UGHQ GLHVH GDQQ EHL =XVWlQGLJNHLW I�U PHKUHUH 6WDWLRQHQ RGHU I�U HLQH IU�KHUH

$ODUPLHUXQJ QXW]HQ� 'HV :HLWHUHQ JDEHQ GLH %HIUDJWHQ DQ� GDVV ., I�U ,QWHQVLYVWDWLRQHQ

Q�W]OLFK ZlUH� XP .RPSOLNDWLRQHQ XQG HLQH HUK|KWH 0RUWDOLWlW IU�K]HLWLJ ]X HUNHQQHQ VRZLH

/HLWOLQLHQ I�U 7KHUDSLH XQG 'LDJQRVWLN YRUJHVFKODJHQ ]X EHNRPPHQ� 'DEHL VHLHQ

7UDQVSDUHQ]� ,QWHURSHUDELOLWlW� %HQXW]HUIUHXQGOLFKNHLW XQG 6FKXOXQJ GHV 3HUVRQDOV

ZHVHQWOLFK� XP GLH 1XW]XQJ HLQHU ., ]X I|UGHUQ� 'LH 0HKUKHLW ZROOWH PHKU �EHU QHXH

7HFKQRORJLHQ I�U GLH ,76 HUIDKUHQ XQG Z�QVFKWH VLFK PHKU =HLW GDI�U� bU]W�LQQHQ ]HLJWHQ

ZHQLJHU 9RUEHKDOWH DOV GDV 3IOHJHSHUVRQDO JHJHQ�EHU GHU 1XW]XQJ YRQ 6PDUWSKRQHV ]XU
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Abstract
Background: Due to demographic change and, more recently, coronavirus disease (COVID-19), the importance of modern
intensive care units (ICU) is becoming apparent. One of the key components of an ICU is the continuous monitoring of patients'
vital parameters. However, existing advances in informatics, signal processing, or engineering that could alleviate the burden on
ICUs have not yet been applied. This could be due to the lack of user involvement in research and development.
Objective: This study focused on the satisfaction of ICU staff with current patient monitoring and their suggestions for future
improvements. We aimed to identify aspects of monitoring that interrupt patient care, display devices for remote monitoring, use
cases for artificial intelligence (AI), and whether ICU staff members are willing to improve their digital literacy or contribute to
the improvement of patient monitoring. We further aimed to identify differences in the responses of different professional groups.
Methods: This survey study was performed with ICU staff from 4 ICUs of a German university hospital between November
2019 and January 2020. We developed a web-based 36-item survey questionnaire, by analyzing a preceding qualitative interview
study with ICU staff, about the clinical requirements of future patient monitoring. Statistical analyses of questionnaire results
included median values with their bootstrapped 95% confidence intervals, and chi-square tests to compare the distributions of
item responses of the professional groups.
Results: In total, 86 of the 270 ICU physicians and nurses completed the survey questionnaire. The majority stated they felt
confident using the patient monitoring equipment, but that high rates of false-positive alarms and the many sensor cables interrupted
patient care. Regarding future improvements, respondents asked for wireless sensors, a reduction in the number of false-positive
alarms, and hospital standard operating procedures for alarm management. Responses to the display devices proposed for remote
patient monitoring were divided. Most respondents indicated it would be useful for earlier alerting or when they were responsible
for multiple wards. AI for ICUs would be useful for early detection of complications and an increased risk of mortality; in addition,
the AI could propose guidelines for therapy and diagnostics. Transparency, interoperability, usability, and staff training were
essential to promote the use of AI. The majority wanted to learn more about new technologies for the ICU and required more
time for learning. Physicians had fewer reservations than nurses about AI-based intelligent alarm management and using mobile
phones for remote monitoring.
Conclusions: This survey study of ICU staff revealed key improvements for patient monitoring in intensive care medicine.
Hospital providers and medical device manufacturers should focus on reducing false alarms, implementing hospital alarm standard
operating procedures, introducing wireless sensors, preparing for the use of AI, and enhancing the digital literacy of ICU staff.
Our results may contribute to the user-centered transfer of digital technologies into practice to alleviate challenges in intensive
care medicine.
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Introduction
Background
In the near future, continuous monitoring of patients' vital signs
will play an increasingly important role in alleviating the burden
on the health care system caused by demographic change and,
more recently, coronavirus disease (COVID-19) [1]. Both lead
to an increased number of critically ill patients requiring
intensive medical care, including mechanical ventilation and
patient monitoring. However, existing advances in informatics,
signal processing, or engineering have not yet been applied to
patient monitoring [2], making it primarily an alarm system
notifying health care providers whenever a patient's parameter
deviates from preset values that are considered safe. To
accelerate technology transfer into clinical routine, it may be
beneficial to include users' pain points and suggestions for
research and development.

Patient monitoring can be applied across almost all health
sectors, which underlines its importance and the potential offered
by digitalization. First, patients can monitor themselves
preventively (eg, for atrial fibrillation), even with a consumer
product such as the Apple Watch [3]. Second, remote monitoring
of patients over long distances is a crucial component of
telemedicine, which is becoming increasingly widespread in
most areas of medicine [4]. Third, patient monitoring might
soon be mandatory in general wards due to a shift in inpatient
clientele toward the more critically ill [5,6]. Finally, patient
monitoring produces high-frequency data that are a valid and
essential source for clinical decision support systems (CDSS)
based on artificial intelligence (AI), opening up many
possibilities for precision medicine [7].

In the intensive care unit (ICU), as one of the most
technologically enhanced medical areas, staff have used
monitoring technologies over decades. In a previous qualitative
study from our research group, ICU staff demanded wireless,
noninvasive, and interoperable monitoring sensors and improved
alarm management for a future patient monitoring system [8].
Mobile phones were desired as displays for remote patient
monitoring, and CDSS based on AI was considered useful. To
validate these inclinations in a larger cohort, we designed this
survey study of ICU staff.

Aim
This survey study focuses on ICU staff members’ satisfaction
with the current patient monitoring system and their suggestions
for future technological improvements. In particular, we aimed
to identify the aspects of patient monitoring that disturb patient
care, the display devices most appropriate for the ICU for remote
patient monitoring on the hospital premises, the use cases for
AI in the ICU, and whether ICU staff is willing to improve their

digital literacy or contribute to product improvement. With
regard to the multiprofessional structure of ICU teams, we
further desired to uncover differences in perspectives between
different health professions in the ICU.

Methods
Ethics Approval and Consent to Participate
The ethical approval for this study was granted by the Ethics
Commission of the Charité – Universitätsmedizin Berlin
(EA1/031/18). Participation in the survey was voluntary. Prior
to the study, all participants provided their written consent.

Setting
This survey study was performed with ICU staff from 4 ICUs
of a German university hospital, between November 2019 and
January 2020 as a substudy for the implementation of the virtual
patient monitoring platform Vital Sync 2.4 (Medtronic plc).
This new system was implemented between May 2018 and June
2019 in one of the 4 ICUs as a secondary patient monitoring
system to remotely monitor patients via tablet computers. As
the primary patient monitoring system, the Philips IntelliVue
patient monitoring system (Koninklijke Philips NV; MX800
software version M.00.03; MMS X2 software version
H.15.41-M.00.04) was used in all 4 ICUs at the time of the
study. COPRA 6 (COPRA System GmbH) was used as the
patient data management system (PDMS).

Study Design
We chose a cross-sectional survey design, and developed a
web-based questionnaire [9,10]. Survey item generation was
initiated through the analysis of a preceding qualitative interview
study with ICU staff about clinical requirements of future patient
monitoring, and was saturated in focus group sessions within
the research team [8]. Items were then grouped into topics, and
5 to 6 items per topic were anticipated. We chose a 5-point
Likert-type scale as an ordinal response format, with the options
“Strongly disagree” (score=1), “Disagree” (score=2),
“Undecided” (score=3), “Agree” (score=4), and “Strongly
agree” (score=5). In pretests with associated research colleagues,
redundant items were eliminated without removing whole topics.
Pilot testing was conducted face-to-face with experts from
intensive care medicine, with a focus on the clarity, relevance,
and arrangement of the items into topics as well as the usability
of the web-based questionnaire. Experts also assessed content
validity (ie, whether all aspects of the topic were accurately
covered by the questionnaire) and clinical validity (ie, whether
the questionnaire measured the intended research topic). The
final questionnaire (Multimedia Appendix 1) contained 36 items
grouped into 8 topics:
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• ICU staff experience with the current patient monitoring
system

• Aspects of patient monitoring that disturb patient care
• Improvements for future patient monitoring
• Suggestions for remote patient monitoring display devices
• Use cases for remote patient monitoring
• Use cases for CDSS based on AI
• Aspects that promote the usage of CDSS based on AI
• Attitude of ICU staff toward novel digital technology

Additionally, respondents indicated their age group, profession,
and technical affinity. For the latter, we used the Affinity for
Technology Interaction Short (ATI-S) scale [11] and reduced
the options from a 6-point scale to a 5-point Likert-type scale
due to usability issues. Other items in the questionnaire focused
on alarm management, which was the subject of another study
and is not reported here.

Data Collection
Data collection took place over a period of 2 months (November
2019 to January 2020) on an invitation basis. The sampling
frame was defined as the 270 nurses and physicians working in
the 4 ICUs the day before data collection began; in total, there
were 177 nurses and 93 physicians. An email containing a
detailed description of the study and the web address of the
survey was sent to them. Study data were collected and managed
using REDCap electronic data capture tools hosted at Charité
– Universitätsmedizin Berlin [12,13].

To increase the survey response rate, participants were offered
the opportunity to take part in a raffle to win a €50 (US $56.04)
voucher for a train ticket after survey participation. Additionally,
2 reminder emails were sent to all participants 2 and 5 weeks
after the initial email was sent. Finally, small handouts with a
brief description of the study, the URL for the questionnaire,
and a QR (quick response) code were given to ICU staff on site.

Data Analysis
We cleaned and analyzed the data with R (R Foundation for
Statistical Computing) in combination with the packages
tidyverse, psych, and sjPlots [14-17]. Inferential calculations

were performed with the infer package [18]. For each of the 36
five-point items, we calculated the medians and their 95%
bootstrap CIs by deploying a bootstrap resampling procedure
as previously described [19,20]. For the bootstrap sampling
distribution, we created 15,000 bootstrap samples per item. An
item median was considered statistically significant when the
95% bootstrap confidence intervals of the median did not include
3, which indicates the response “Undecided.” To compare the
distributions of item responses of physicians and nurses, we
used chi-square tests. Here, a two-tailed P value <.05 was
considered statistically significant.

Results
Overview
This survey study is based on a questionnaire with 36 items
regarding patient monitoring in the ICU, addressed to ICU staff.
The actual response rate was 39.6% (107/270); however, only
86 responses from 62 nurses and 24 physicians were analyzable
due to missing data. The ratio of male to female respondents
was almost equal (42 men, 41 women, 3 not specified). The
largest age categories were represented by participants aged 25
to 34 years (n=32, 37%) and those aged 35 to 44 years (n=28,
33%). Self-reported technical affinity (ATI-S) was rated with
a mean of 3.4 (SD 0.88) and a median of 3.5 (range 2.9-4.1) on
the 5-point Likert-type scale, with a Cronbach of 0.83 (95% CI
0.76-0.89).

The questionnaire results are presented as grouped Likert plots
(Figures 1-8) [16], where one group represents one topic. An
item median was considered statistically significant (items
marked with an asterisk) when the 95% bootstrap CI of the
median did not include 3, which indicates the response
“Undecided” (Multimedia Appendix 2 shows item medians and
bootstrap CIs). To improve readability, and in contrast to the
questionnaire, the answer option “Undecided” is presented on
the far right. Multimedia Appendix 3 contains the raw data, and
Multimedia Appendix 4 shows the distribution of item responses
of physicians and nurses.

Figure 1. ICU staff experience with current patient monitoring. An asterisk indicates statistical significance. ICU: intensive care unit.
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Current Patient Monitoring

ICU Staff Experience
Most of the ICU staff who took part in the online survey were
satisfied with the current patient monitoring system and felt that
it ensured high patient safety, even though the median responses
did not differ significantly from the option “Undecided” (Figure
1). The majority stated feeling confident in using the patient
monitoring system (n=66, 77% chose “Strongly agree” or
“Agree”).

Aspects Disturbing Patient Care
The majority of respondents indicated that the patient monitoring
system’s high rate of false-positive alarms (n=60, 70% chose
“Strongly agree” or “Agree”) and high number of sensor cables
(n=66, 77% indicated “Strongly agree” or “Agree”) interrupted
patient care. The opinions about detrimental effects elicited by
a lack of interoperability, lack of staff training, and low usability
of the patient monitoring system were split (Figure 2).

Figure 2. Aspects of patient monitoring disturbing patient care in the ICU. An asterisk indicates statistical significance. ICU: intensive care unit.

Suggestions for Future Patient Monitoring

Improvements for Future Patient Monitoring
For future patient monitoring, almost all of the ICU staff
surveyed requested wireless sensors (n=80, 93% chose “Strongly
agree” or “Agree”) and a reduction in false-positive alarms
(n=80, 93% chose “Strongly agree” or “Agree”). False-positive

alarms may occur due to measurement errors, artifacts, or
incorrect settings (Figure 3). Furthermore, respondents wanted
a hospital standard operating procedure (SOP) for alarm
management (n=53, 62% chose “Strongly agree” or “Agree”).
The median responses for the items “Noninvasive sensors,”
“Remote patient monitoring,” and “More staff training on patient
monitoring” did not significantly differ from the option
“Undecided.”

Figure 3. Improvements for future patient monitoring in the ICU. An asterisk indicates statistical significance. ICU: intensive care unit.
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Display Devices and Use Cases for Remote Patient
Monitoring
According to the survey results, none of the proposed display
devices were desired by ICU staff (Figure 4). The use of
smartwatches or augmented reality (AR) glasses in the ICU was

rejected by 72% (n=60) and 64% (n=53) of respondents,
respectively (those who chose “Strongly disagree” or
“Disagree”). With regard to the use of mobile phones for remote
patient monitoring, nurses strongly rejected it, while physicians
had a neutral attitude toward it.

Figure 4. Suggestions for remote patient monitoring display devices in intensive care medicine for usage on hospital premises. An asterisk indicates
statistical significance.

The majority of respondents would appreciate a remote patient
monitoring system in an intensive care setting in case they
wanted to be alerted earlier (n=55, 65% indicated “Strongly
agree” or “Agree”) or were responsible for multiple wards

(n=62, 74% chose “Strongly agree” or “Agree”; Figure 5).
Although not statistically significant, most respondents preferred
a remote patient monitoring device for on-call duty, but did not
find it useful while taking breaks.

Figure 5. Use cases for remote patient monitoring on hospital premises for intensive care medicine. An asterisk indicates statistical significance.

CDSS
In the future, survey respondents would use a CDSS in the ICU
that predicts complications (n=67, 79% chose “Strongly agree”
or “Agree”) or the risk of mortality of patients (n=60, 71%
indicated “Strongly agree” or “Agree”) as that intelligently

proposes guidelines for therapy and diagnostics (n=66, 78%
chose “Strongly agree” or “Agree”; Figure 6). Respondents
were inclined to use it for alarm management. Physicians had
fewer reservations in using a CDSS with intelligent alarm
management than nurses.
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Figure 6. Use cases for clinical decision support systems based on artificial intelligence in the ICU. An asterisk indicates statistical significance. ICU:
intensive care unit.

Among the factors that users found essential for the use of
CDSS, high interoperability (n=79, 93% chose “Strongly agree”
or “Agree”) and high usability (n=78, 93% indicated “Strongly
agree” or “Agree”) were deemed most essential. These were
followed by the offer of regular staff training with the
technology (n=75, 90% chose “Strongly agree” or “Agree”)

and high transparency of the system (n=66, 78% indicated
“Strongly agree” or “Agree”; Figure 7). Most physicians and
nurses agreed that regular support (eg, training and workshops)
promotes the use of CDSS; more physicians chose “Strongly
agree,” while more nurses chose “Agree.”

Figure 7. Aspects that promote the usage of clinical decision support systems based on artificial intelligence in the ICU. An asterisk indicates statistical
significance. ICU: intensive care unit.

Attitude Toward Novel Technology
Overall, survey respondents were open-minded toward novel
technology; among the respondents, 81% (n=70) wanted to
know more and 65% (n=55) needed more time to learn about

it (“Strongly agree” or “Agree”; Figure 8). The majority (n=59,
69%) disagreed or strongly disagreed on the item “I do not trust
new digital technology.” Although not statistically significant,
50 respondents (59%) wanted to be involved in the product
development of novel digital technologies.
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Figure 8. Attitude of ICU staff towards novel digital technology. An asterisk indicates statistical significance. ICU: intensive care unit.

Discussion
Principal Findings
This survey study of ICU staff provides a substantial
understanding of the needs and expectations of patient
monitoring systems in intensive care medicine from the user’s
perspective (Textbox 1). Although respondents were confident
in using the current patient monitoring system, the high rate of
false alarms and the numerous sensor cables were found to
potentially interrupt patient care. ICU staff demanded wireless
sensors, fewer false alarms, and a hospital SOP for alarm

management. Notably, the median replies on display devices
for remote patient monitoring did not differ significantly from
the option “Undecided,” except for the items “Smartwatch”
and “Ubiquitous monitoring, eg, through AR,” which were both
declined. Remote patient monitoring was classified useful for
earlier alerts or when responsible for several ICUs. Respondents
would use a CDSS based on AI to predict complications, detect
increased risk of mortality, and propose guidelines. High
transparency, high interoperability, high usability, and regular
staff training were all aspects that would promote its usage.
Regarding digital literacy, ICU staff was eager to learn more
about digital technology and spend more time with it.

Textbox 1. The five most anticipated improvements for patient monitoring by intensive care unit staff.

• Reduction of false alarms

• Implementation of hospital alarm standard operating procedures

• Introduction of wireless sensors

• Introduction of a clinical decision support system based on artificial intelligence

• Enhancement of staff members’ digital literacy

Lessons Learned From Today’s Patient Monitoring
Notably, we have not observed a proactive call to pioneer new
technologies and integrate their respective digital gadgets (eg,
smartwatch and AR) into clinical care. Rather, ICU staff looked
forward to improvements in the functionality of existing
technologies. In line with previous publications, respondents
reported that the high rate of false alarms interrupted patient
care and demanded a hospital SOP for alarm management [21].
In several studies, implementation of such an alarm management
SOP reduced the alarm rate significantly [21,22]. Further
temporal analysis of the alarm frequencies per sensor as
previously described [23] may find causes for the high rate of
false alarms.

It has been reported that cable entanglement is a problem in not
only ICUs, but also other places where patients are monitored,
such as in operating rooms [24]. Wireless sensors for monitoring
vital signs have been tested and implemented several times on

stepdown units [6,25]. In many cases, technical requirement
analysis (eg, Bluetooth connectivity and interference with other
medical devices) was conducted more than a decade ago [26,27].
However, implementation into intensive care routines is still in
its infancy [28]. Reasons for this may be the costs associated
with developing novel wireless sensors for a high-reliability
environment such as the ICU, and technical challenges
associated with the need to recharge sensors regularly. In the
meantime, cord wraps may facilitate patient transfer with patient
monitoring [29].

Remote Patient Monitoring in Intensive Care Medicine
Remote patient monitoring enables clinicians to collect health
data via vital sign sensors from patients at location A and
electronically transfer this information to location B, where
specialists access the data and give health care providers at
location A recommendations for managing their patients [4].
Although this is well established in the outpatient sector between

J Med Internet Res 2020 | vol. 22 | iss. 6 | e19091 | p. 7http://www.jmir.org/2020/6/e19091/
(page number not for citation purposes)

Poncette et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

31

http://www.w3.org/Style/XSL
http://www.renderx.com/


the patient's home and the physician [30], the question remains
whether this can be supportive to working conditions and patient
care in the ICU without a telemedicine context.

Contrary to our preceding qualitative study results, opinions
regarding the need for remote patient monitoring in the ICU
were divided [8]. There are several industry providers that allow
ICU patients to be monitored remotely from anywhere on the
premises of the hospital [31-33]. However, scientific evidence
of the utility of these devices (eg, for increasing patient safety)
seems to be missing. For now, we can summarize that the
advantages of on-premise remote patient monitoring for
intensive care medicine have to be further quantified by
measures such as the reduction of alarms, and improved patient
outcomes such as a reduction in patient length of stay.

CDSS in Intensive Care Medicine
As the amount of data as well as the complexity of diseases and
treatment of ICU patients are increasing, it seems reasonable
to augment the abilities of ICU staff by implementing CDSS
based on AI in the ICU. Our results indicate that most of the
topics proposed (eg, prediction of mortality, prediction of
complications, or proposal of guidelines) were seen as potential
use cases for CDSS by ICU staff. For these and several other
instances, algorithms already exist that could be adjusted for
real-time data [34].

On the path toward implementing CDSS based on AI in
intensive care medicine, several barriers have to be overcome
[35]. With the introduction of the electronic health record and
PDMS in the ICU, the first step has been taken to establish the
technical infrastructure, but these systems need to be optimized
in interoperability and data quality to act as the basis for
complex machine learning processes. To utilize the power of
AI as soon as possible, hospital providers should focus on
developing data science departments, and introduce standards
in implementing novel CDSS tools to rapidly address technical,
legal, ethical, and privacy issues.

Transdisciplinary Research and Development
Clinical teams in ICUs are used to working closely together in
multidisciplinary teams. This could be advantageous when
adding further professions to the team for transdisciplinary
research and the development of medical devices for intensive
care medicine [36]. Our survey results show that ICU staff
members are open to learning more about technology and are
even willing to support product development in some cases.
Thus, a clinical data scientist with formal medical training could
be part of the ICU team as well as the product development
team alongside engineers from a medical manufacturer [22,37].
This transdisciplinary approach should be piloted in further
studies, to assess the effects on mutual exchange and innovation
potential.

As much as the transdisciplinary approach is supported, blunt
confidence in user feedback will mainly improve existing
devices, as our study prominently indicates, which does not
necessarily foster the discovery of disruptive technologies [38],
such as avatar-based patient monitoring [39,40] or smart glasses
[41]. More than cooperation, transdisciplinarity refers to the
development of common theories, mutual observation, and
search for challenges and needs [42]. Hackathons (weekend
innovation events) are an excellent playground for
transdisciplinary work, and participation should be encouraged
and remunerated by medical manufacturers and hospital
providers [43].

Limitations
With this survey study among ICU staff, we identified the most
anticipated improvements for patient monitoring in the ICU
from the user perspective. However, several limitations apply
to this study. It is important to note that the developed
questionnaire did not include questions of established reliability
or validity; the data were collected at a single hospital in
Germany; the number of participating physicians was small,
making statements about group comparisons susceptible to
coincidence; and the response rate was moderate. Due to the
online collection of data, the participation of ICU staff with less
technical affinity may have been reduced. Further studies
including a sample size calculation and randomized sample
collection would reduce the risk of bias.

Whether the findings (eg, introducing wireless patient
monitoring sensors) actually lead to an improvement in working
conditions and patients’ quality of life or quality of care in the
ICU can only be ascertained by further studies. Finally, a bias
due to the deployment of the Vital Sync virtual patient
monitoring platform in 1 of the 4 ICUs cannot be ruled out with
certainty.

Conclusion
This survey study among ICU staff revealed anticipated key
improvements for patient monitoring in intensive care medicine
from the user perspective. We did not observe a proactive call
to pioneer new technologies and integrate their respective digital
gadgets (eg, smartwatch and AR) into clinical routine. Instead,
ICU staff looked forward to improvements in the functionality
of existing technologies. Particularly, hospital providers and
medical device manufacturers should focus on reducing false
alarms, implementing hospital alarm SOPs, introducing wireless
sensors, preparing for CDSS based on AI, and enhancing the
digital literacy of ICU staff. In the medium term, our results
may contribute to the user-centered transfer of digital
technologies into practice to alleviate challenges in intensive
care medicine, such as those recently caused by COVID-19.
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Abstract
Background: As one of the most essential technical components of the intensive care unit (ICU), continuous monitoring of
patients’ vital parameters has significantly improved patient safety by alerting staff through an alarm when a parameter deviates
from the normal range. However, the vast number of alarms regularly overwhelms staff and may induce alarm fatigue, a condition
recently exacerbated by COVID-19 and potentially endangering patients.
Objective: This study focused on providing a complete and repeatable analysis of the alarm data of an ICU’s patient monitoring
system. We aimed to develop do-it-yourself (DIY) instructions for technically versed ICU staff to analyze their monitoring data
themselves, which is an essential element for developing efficient and effective alarm optimization strategies.
Methods: This observational study was conducted using alarm log data extracted from the patient monitoring system of a 21-bed
surgical ICU in 2019. DIY instructions were iteratively developed in informal interdisciplinary team meetings. The data analysis
was grounded in a framework consisting of 5 dimensions, each with specific metrics: alarm load (eg, alarms per bed per day,
alarm flood conditions, alarm per device and per criticality), avoidable alarms, (eg, the number of technical alarms), responsiveness
and alarm handling (eg alarm duration), sensing (eg, usage of the alarm pause function), and exposure (eg, alarms per room type).
Results were visualized using the R package ggplot2 to provide detailed insights into the ICU’s alarm situation.
Results: We developed 6 DIY instructions that should be followed iteratively step by step. Alarm load metrics should be
(re)defined before alarm log data are collected and analyzed. Intuitive visualizations of the alarm metrics should be created next
and presented to staff in order to help identify patterns in the alarm data for designing and implementing effective alarm management
interventions. We provide the script we used for the data preparation and an R-Markdown file to create comprehensive alarm
reports. The alarm load in the respective ICU was quantified by 152.5 (SD 42.2) alarms per bed per day on average and alarm
flood conditions with, on average, 69.55 (SD 31.12) per day that both occurred mostly in the morning shifts. Most alarms were
issued by the ventilator, invasive blood pressure device, and electrocardiogram (ie, high and low blood pressure, high respiratory
rate, low heart rate). The exposure to alarms per bed per day was higher in single rooms (26%, mean 172.9/137.2 alarms per day
per bed).
Conclusions: Analyzing ICU alarm log data provides valuable insights into the current alarm situation. Our results call for
alarm management interventions that effectively reduce the number of alarms in order to ensure patient safety and ICU staff’s
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work satisfaction. We hope our DIY instructions encourage others to follow suit in analyzing and publishing their ICU alarm
data.

(J Med Internet Res 2021;23(5):e26494) doi: 10.2196/26494

KEYWORDS
digital health; patient monitoring; intensive care unit; technological innovation; data science; alarm fatigue; alarm management;
patient safety; ICU; alarm system; alarm system quality; medical devices; clinical alarms

Introduction
Background
In intensive care units (ICUs), monitoring of patients’
physiologic parameters has significantly improved patient safety
by alerting ICU staff through a visual or audible alarm [1] when
a parameter deviates from the preset range (eg, apnea, sensor
detachment). However, as one of the most digitized health care
areas with a rising number of novel devices with their own
alarms, the sheer number of alarms regularly overwhelms ICU
staff. Some studies document more than 700 alarms per patient
per day on average [2].

Being exposed to so many alarms can leave ICU staff alarm
fatigued, a condition characterized by a desensitization to
alarms, which can make ICU staff react inadequately (eg,
responding with delay, turning down the alarm volume, turning
alarms off) [3,4]. Due to the COVID-19 pandemic, this condition
has been further exacerbated (eg, through the utilization of
anesthesia ventilators in the ICU) [5]. Excessive alarms not only
induce stress and distraction in ICU staff [6,7] but also directly
impair patient recovery [8]. Ultimately, it can threaten patients’
lives when ICU staff misses alarms or responds with delay. This
is shown by the Joint Commission's sentinel event database,
which lists 98 incidents between 2009 and 2012 that were related
to alarms, of which 80 resulted in a patient’s death [9]. Reporting
to the database is voluntary, which likely makes this a
conservative estimate. For 2020, the ECRI Institute listed an
alarm-related hazard among their Top 10 Health Technology
Hazards [10]. While in the United States, the Joint Commission
declared it a national patient safety goal to reduce the harm
associated with clinical alarm systems from 2014 onwards [11];
there is no such official endeavor in Germany.

One way to reduce harm associated with clinical alarms is alarm
management, which aims to reduce the number of unnecessary
alarms (that is, false, nonactionable, and avoidable technical
alarms [12]) with the assumption that this reduces the overall
number of alarms and thereby alleviates the staff’s alarm fatigue.
Traditional alarm management approaches that have been proven
to reduce the overall number of alarms include the
recommendation to mute alarms while examining a patient [13],
introduce a delay between measuring and alarming [14], use
individual thresholds for each patient instead of the monitoring
device’s default [15], turn off arrhythmia alarms that are not
life threatening, and change electrocardiogram (ECG) leads on
a daily basis [16].

To be most effective, alarm management should be adjusted to
the specific conditions of each ICU [12,17]. A thorough analysis
of the sociotechnical system of the ICU is necessary to

sufficiently customize respective interventions. These efforts
include the analysis of the alarm log data (eg, when an alarm
occurred and by which device) [12,18]. Currently there is no
software solution commercially available that addresses analysis
of patient monitoring data.

Aim
Our aim is to develop do-it-yourself (DIY) instructions targeted
at technically versed ICU staff (physicians and nurses) for
self-analysis of patient monitoring alarm data, including an
illustrative, complete, and repeatable analysis of device alarm
data of an ICU’s patient monitoring system. The application of
the DIY instructions should help their users to identify patterns
and trends in the alarm data and enable them to generate ideas
on how the overall alarm frequency (and subsequently alarm
fatigue) might be reduced.

Methods
Ethics Approval
The ethical approval for this study was granted by the Ethics
Commission of the Charité – Universitätsmedizin Berlin
(EA1/127/18).

Setting and Design
We conducted the study in a surgical ICU of a German
university hospital. The unit consists of 21 beds in 15 rooms in
which mainly patients after abdominal or neurosurgical
operations are treated. The patient monitoring and alarm system
used at the time of the study was the Philips IntelliVue patient
monitoring system (MX800 software version M.00.03; MMS
X2 software version H.15.41-M.00.04; Philips, Amsterdam,
Netherlands) with bedside monitors, 3 client monitors
summarizing 2-3 rooms, a central station (software version B),
and 2 large hallway monitors displaying all 21 patients. Standard
monitoring included oxygen saturation (SpO2), heart rate,
invasive (IBP) or noninvasive blood pressure (NIBP), and
temperature. Within the Clinical Alarm Capability Maturity
Model by Welch et al [19], the ICU was in the first stage at the
time of this study, described as having many nonactionable
alarms for unknown reasons, approaching alarm management
ad hoc and not having or not consulting data to support change
[19]. Accordingly, there was no hospital-wide consensus on
alarm management.

We used an observational study design, which included
retrospective data analysis of the patient monitoring alarm data.
The DIY instructions were iteratively developed in informal
interdisciplinary team meetings within the research group
between February 2019 and November 2020 and adapted by
the lessons learned from our own data analysis.
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Data Collection and Deidentification
We manually collected clinical audit logs (which include the
alarm data) 3 times during 2019 (in winter, summer, and
autumn) via a USB stick from the central patient monitoring
device in the ICU as previously described by others. The clinical
audit log consists of the time, bed number, alarm type (ie,
parameter, device, alarm criticality), and alarm handling (eg,
threshold adjustments, use of the pause function). Each log file
contains data from 31 days.

No actual patient-identifying data elements were collected. For
further deidentification, dates were shifted into the future by a

pseudorandom offset for all patients; the bed number was
replaced by a pseudonym. Day and night rhythm, weekends,
the season, and the bed characteristic (double room, single room)
were not affected by this process. The deidentified raw data can
be retrieved from an open data repository [20].

Data Analysis Framework

Overview
We organized our data analysis in a framework based on
suggestions by Hüske-Kraus et al [12], who introduced quality
dimensions along with metrics of an alarm system. Each
dimension summarizes multiple metrics (Table 1).

Table 1. Data analysis framework applied in this study in line with the quality dimensions introduced by Hüske-Kraus et al [12] and including metrics
suggested by Hüske-Kraus et al [12] as well as metrics suggested by other sources for each dimension, wherever possible.

Metrics used in this studyDefinitionQuality dimension

Alarms per bed per day, frequency of individual alarms,
alarms per device, alarms per criticality (red, yellow,
and blue; ie, alarm at high criticality, alarm at medium
criticality, and technical alarm at low criticality, respec-
tively), average temporal distribution of alarms and
alarm flood conditions (10 or more alarms occurring
within 10 minutes) [18]

Metrics related to the number of alarmsAlarm load

Technical alarms per bed per day, technical alarms per
device

False-positive alarms, nonactionable alarms, and technical
alarms

Avoidable alarms

Duration of alarmsAlarm duration, response time, muting of alarms, and
corrective actions

Responsiveness and alarm han-
dling

Average usage of the alarm pause function per bed per
day, proper pause-to-pause ratio [12], redundant moni-
toring of physiological parameters

The quality of the technical infrastructure, such as con-
sumable, overmonitoring, and undermonitoring

Sensing

Average alarm frequencies per room and per bed per
room type, number of beds issuing more alarms than
the average

How alarms are distributed in the unitExposure

Data Analysis
We cleaned and analyzed the data with R [21] in combination
with the packages dplyr [22], tidyr [23], and stringr [24]. We
used the package lubridate [25] for date and time information
and the package ggplot2 [11] for the visualizations. The log
entries were structured in 4 columns: Time, Bedname, Action,
Devicename. New variables (eg, the time an alarm was
generated and its criticality) were extracted for each log entry
from the information contained in the column Action. In total,
the alarm logs contain data from 93 days.

Alarm Load
Visualizing the frequency of individual alarm parameters helps
to identify “bad actors” — alarms that occur much more
frequently than others [8] while investigating the number of
alarms each medical device issues — can help to prioritize alarm
management interventions. The metric “alarms per bed per day”
alone is not necessarily an indicator of the alarm load on
respective ICUs and should be accompanied with information
such as the criticality of the alarms (red, yellow, blue), the
frequency of individual alarms, the frequency of alarms per
device, the number of alarm flood conditions, and a temporal
perspective. To conduct device-related analyses, we assigned
each alarm parameter to 1 out of 7 devices (ventilator, ECG,

IBP, intracranial pressure, temperature, NIBP, and pulse
oximetry [SpO2]). Technical alarms included alarms with a blue
criticality and general monitoring device–related alarms (such
as missing patient information, low batteries, or interrupted
arterial blood pressure measurements). Devices, where the
absolute cumulative frequency of alarms was less than 500 in
the dataset were only included in the overall count of alarms
(Multimedia Appendix 1).

To visualize the average distribution of alarms across 24 hours,
we calculated the average number of alarms of each 1-minute
bin between 12:00 am and 11:59 pm for the 3 devices issuing
the most alarms and applied the scatterplot smoothing function
of the R package ggplot2 [26].

Alarm flood conditions are described as situations in the ICU
where multiple alarms are triggered within a short time frame.
Metrics related to alarm flood conditions provide information
that allow an additional perspective on the alarm load of an ICU
and take an acute overload of ICU staff by alarms into account
[18]. We grouped the data per bed and split each bed’s data into
10-minute bins starting from the date-time stamp of the first
log entry. All bins containing 10 or more alarms were counted
as an alarm flood, as previously described [18].

J Med Internet Res 2021 | vol. 23 | iss. 5 | e26494 | p. 3https://www.jmir.org/2021/5/e26494
(page number not for citation purposes)

Poncette et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

40

http://www.w3.org/Style/XSL
http://www.renderx.com/


Avoidable Alarms
Avoidable alarms are defined as nonactionable (including false
positive alarms) or technical [12]. Since the alarm log data lack
information on whether an alarm was true or false or if it was
followed by a therapeutic intervention, we cannot provide
metrics such as the positive predictive value of alarms. However,
most technical alarms, whether they were responded to with an
intervention or not, are avoidable nonetheless [12]. Therefore,
we report the average number of technical alarms per bed per
day as well as the individual frequency of technical alarms.

Responsiveness and Alarm Handling
We visualize the median alarm duration per medical device in
absolute seconds and over the course of 24 hours for the 3
devices issuing the most alarms. The duration of an alarm was
defined as the time difference between the timestamp of the log
entry of a generated alarm and that of a terminated alarm. We
opted for this method, because only the “true” time of generated
alarms is documented but not the “true” time of terminated
alarms, where only the time of the log entry is provided.

Sensing
Using the pause function of the monitoring devices is argued
to prevent unnecessary alarms [16,27]. In the investigated ICU,
the alarm pause function suspends all alarms for up to 3 minutes
or until it is actively terminated by the medical team. This helps
prevent alarms that would be triggered when, for example, a
patient is being shifted from one position to another during a
physical examination. A responsible use of the pause function
demands its active termination to avoid undermonitoring of the
patient due to the suspended alarms for the remainder of the
pause function [12] once the health care provider leaves the
patient. Hence, an alarm pause can be considered a proper pause
if its duration is shorter than the monitor's default pause duration.
The metric “proper pause-to-pause ratio” indicates the ratio of

proper pauses to all pauses [12]. We count pauses that were
re-enabled within 3 minutes after their termination as one
continuous pause, since the default length might not have been
sufficient for the bedside procedure.

We consider an overmonitoring of patients to be indicated when
parameters that monitor the same physiological event, but stem
from 2 different medical devices, are routinely issuing alarms.

Exposure
The present ICU has 2 different room types: a single bedroom
and a double bedroom. We aimed to find out whether a bed in
a single bedroom produces more, less, or equally as many alarms
as a bed in a double bedroom and whether this differs depending
on the alarm criticality. In total, there are 12 beds in double
bedrooms and 9 beds in single bedrooms. The average alarm
frequencies per bed per room type were calculated by dividing
the number of alarms per room type by 12 or by 9, respectively.

Results
Overview
The results section is clustered into 2 parts: First, we provide
the DIY instructions for self-analysis of alarm data from the
patient monitoring system; second, we present the results of the
illustrative alarm data analysis conducted on data from our ICU.

DIY Instructions

Step-by-Step Procedure
The DIY instructions for self-analysis of the ICU’s patient
monitoring alarm data consist of 6 steps: (1) define or
re-evaluate metrics, (2) collect data, (3) analyze data, (4)
visualize metrics, (5) present to staff and set goals together, and
(6) design and implement interventions (see Figure 1).

Figure 1. Feedback loop regarding do-it-yourself (DIY) instructions for self-analysis of patient monitoring alarm data in the intensive care unit.
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Define or Re-Evaluate Metrics
In an interdisciplinary team consisting of ICU physicians and
nurses, alarm data metrics should be defined. We recommend
to initially include all metrics presented in the aforementioned
data analysis framework in order to get an accurate and complete
picture of the alarm situation of the respective unit. After the
first iteration of the feedback loop, new metrics may be added
or existing ones modified.

Collect Data
Regular collection of patient monitoring data is crucial to
conduct reliable data analyses, especially if interventions are
being conducted at the respective ICU. The monitoring central
station at our ICU stores data for up to 90 days; hence, every
90 days, data have to be manually extracted from the system
[28].

Analyze Data
We provide the fully annotated R scripts that we used to conduct
the alarm data analysis to enable even beginners in R to do
likewise. Further explanations can be found in the Results
section and in the scripts [20].

Visualize Metrics, Present to Staff, and Set Goals
Visualizations should be summarized in a clear and intuitive
format (eg, using a presentation program) and discussed with
ICU staff. Together, realistic goals should be set for each
parameter and possible interventions deduced. On a quarterly

basis, this feedback loop should be started from the beginning.
The R-Markdown file on GitHub can also be used to create
comprehensive alarm reports including all metrics and
visualizations reported in this paper [20].

Design and Implement Interventions
Potential interventions are deduced from the data analysis, the
visualizations, and the interdisciplinary goal setting. ICU staff
as the end users of the patient monitoring system should be
actively involved in the intervention design and rotate regularly
with new medical staff from the ICU to assess clinical relevance
more reliably. Possible interventions could include adjusting
the default alarm thresholds for the top 10 alarm parameters,
focusing on customizing these parameters more frequently,
introducing new ECG electrodes or skin preparation routines,
or providing staff training (eg, on how to use the alarm pause
function). Further interventions are elaborated elsewhere [29,30].

Data Analysis

Alarm Load
The analyzed alarm log data set contained, on average, 152.5
(SD 42.2) alarms per bed per day. Most alarms were type yellow
(mean 120.3/152.5, SD 37.15 per day; 79%), followed by type
red (mean 27.5/152.5, SD 9.37 per day; 18%). Few alarms were
type blue (mean 4.6/152.5, SD 2.75 per day; 3%). The 5 most
frequent alarms were a generic alarm of the ventilator, invasive
systolic blood pressure (high and low), high respiratory rate
issued by the ventilator, and low heart rate (see Figure 2).

Figure 2. Frequency of individual alarm parameters within 93 days. The colors correspond to the alarm criticalities (red, yellow, and blue). *: ventilator
arm; ABPs: systolic arterial blood pressure; ECG: electrocardiogram; FREQUENCY: ventilator alarm indicating that the upper respiratory rate threshold
has been exceeded; HR: heart rate; RR: respiratory rate derived from the ECG (see Multimedia Appendix 2 for all abbreviations).
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After each alarm parameter was assigned to the corresponding
medical device, it was evident that the ventilator generates the
most alarms, followed by IBP and ECG (see Figure 3).

When put into a temporal perspective, the average distribution
of alarms across 24 hours for the 3 devices that issue the most
alarms shows a downward trend, with most alarms being issued

in the morning shift and fewest during the night (see Figure 4).
The mean number of alarms per minute per medical device
during the morning, afternoon, and night shifts were: 1.09 (SD
0.2), 1.0 (SD 0.18), and 0.71 (SD 0.17) for the ventilator; 0.65
(SD 0.13), 0.56 (SD 0.1), and 0.45 (SD 0.09) for IBP; and 0.57
(SD 0.12), 0.51 (SD 0.1), and 0.45 (SD 0.09) for ECG,
respectively.

Figure 3. Alarms from medical devices within 93 days subdivided into the criticality levels (red, yellow). ECG: electrocardiogram; IBP: invasive blood
pressure; ICP: intracranial pressure; NIBP: noninvasive blood pressure; SpO2: oxygen saturation.

Figure 4. Average distribution of alarms across 24 hours. The white spaces between the grey bars (ie, shifts) visualize handover periods. Each dot
shows the average alarm frequency of 1 minute for the specified device. The line for each device is calculated by ggplot2’s smoothing function and
represents a generalized additive model of the distribution (with the formula y ~ s(x, bs = "cs"). It serves to aid in detecting trends in the data. ECG:
electrocardiogram; IBP: invasive blood pressure.
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In total, 6468 alarm flood conditions occurred (mean 69.55, SD
31.0 per day; median 63; range 22-194), of which 5289 (82%)
were comprised of between 10 and 20 alarms, 1012 (16%)
between 20 and 40 alarms, and 159 (2%) between 40 and 100

alarms within 10-minute intervals. The temporal visualization
over 24 hours shows a general downward trend with peaks in
the morning and afternoon shifts (see Figure 5).

Figure 5. Temporal distribution of alarm flood conditions over 24 hours. Each dot indicates the sum of all alarm flood conditions that were initiated
at the respective time of day in 10-minute intervals. For example, the first dot on the far left indicates that 43 alarm floods occurred between 7:10 and
7:20 AM across all days in the data. The blue line is a local regression, calculated by ggplot2’s smoothing function (formula: y ~ x). The white spaces
between the grey bars (ie, shifts) visualize handover periods.

Avoidable Alarms
In total, 10,846 technical alarms (red, yellow, and blue) are
documented. This equals 5.6 (SD 2.8) technical alarms per bed
per day, on average. With 8746 alarms (all blue), the ECG
produced the most technical alarms (ECG lead fallen off),
followed by IBP (1342 red alarms) and alarms related to the
module cable connection (167 blue alarms).

Responsiveness and Alarm Handling
The alarm duration showed a distribution that is strongly skewed
to the right (for clinical alarms: mean 109.3, SD 6109.15
seconds; median 8 seconds; range 0-2,291,314 seconds; for
technical alarms: mean 221.5, SD 4,898 seconds; median 7
seconds; range 0-403,440 seconds), which is why we used the
median as the measure of the center for further analyses and
plots. Additionally, because some durations were calculated to
be unrealistically high (in some instances, multiple days), we

treat all durations longer than 8 hours (approximately the length
of one shift) as outliers and do not include them in the analyses.

Median alarm durations of yellow and red alarms were similar
(8 seconds; range 0-22,048 seconds; range 0-28,531 seconds),
while the median alarm duration of blue alarms was slightly
longer (9 seconds; range 0-26,049 seconds). Regarding devices,
the median duration of alarms by NIBP was the longest (64
seconds; range 0-3845 seconds), followed by temperature (26
seconds; range 0-7796 seconds), SpO2 (16 seconds; range
0-27,580 seonds), and IBP (14 seconds; range 0-28,531
seconds). ECG and the ventilator recorded the lowest median
alarm duration (4 seconds; range 0-27,579 seconds and 7
seconds; range 0-22,048 seconds, respectively). Visualizing the
alarm durations over 24 hours shows that the difference across
devices was relatively stable over the course of an average day
(see Figure 6). However, Figure 7 shows that there were
substantial differences between the median duration to red and
yellow ECG alarms.
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Figure 6. Median alarm duration of the 3 medical devices that issue most alarms over 24 hours. Each dot represents the median alarm duration for each
minute of the day of the respective device. The line for each device is based on ggplot2’s smoothing function and represents a generalized additive
model of the distribution (with the formula y ~ s(x, bs = "cs"). The white spaces between the grey bars (ie, shifts) visualize handover periods. ECG:
electrocardiogram; IBP: invasive blood pressure.

Figure 7. The median alarm duration from 8 medical devices plotted against the total number of alarms issued by the respective device. The colors
correspond to the alarm criticalities (red, yellow, and blue). ECG: electrocardiogram; IBP: invasive blood pressure; ICP: intracranial pressure; NIBP:
noninvasive blood pressure; SpO2: oxygen saturation.
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Sensing
On average, the alarm pause function was applied 10.86 (SD
2.6) times per bed per day. Of all pauses that were started, 92%
(14,719/16,002) were not actively terminated but lasted for their
default maximum length of 3 minutes and therefore do not
qualify as proper pauses [10]. The ICU’s proper pause-to-pause
ratio is 0.09:1.

Of the ECG alarms, 16% (10,821/67,518) indicated a high
respiratory rate, which amounted to 4% (10,821/297,830) of all
alarms recorded in the data set, while the alarms from the
ventilator related to a high respiratory rate covered another 11%
(31,911/297,830) of all alarms. Additionally, both device groups
had similar numbers of life-critical apnea alarms. This suggests
an overmonitoring of the respiratory rate.

Exposure
A bed located in a single bedroom had, on average, 26%
(172.9/137.2) more alarms per day than a bed located in a double
bedroom. There were 32% more red alarms per bed in a single
bedroom than in a double bedroom (2972.9/2250.3) and 25%
more yellow alarms per bed in a single bedroom than in a double
bedroom (12,638.8/10,105.2).

The calculated average alarms per bed per day yields 152.5
alarms (SD 42.2). On average, 36% (7.6/21, SD 1.6) of the 21
beds exceeded the units average every day, issuing on average
69% of all daily alarms (2199.9/3202.4, SD 651.2).

Discussion
Principal Findings
We aimed to provide technically versed ICU staff with a
framework and the tools to conduct a self-analysis of patient
monitoring alarm data in order to help them assess their unit’s
alarm situation, inspect potential root causes of excessive alarms,
and derive alarm management interventions that might help to
remedy alarm fatigue. Our framework consists of 6 steps that
should be iteratively applied: (1) define or re-evaluate metrics,
(2) collect data, (3) analyze data, (4) visualize metrics, (5)
present to staff and set goals together, and (6) design and
implement interventions. We designed the framework to be
useful independent of the ICU’s specialization (eg, COVID-19
units, neonatal ICUs, pediatric ICUs). In our observational study,
we illustrated how the alarm log data of a large German ICU
can be analyzed and how alarm metrics can be visualized using
the scripts that we provide (steps 2 and 3 of the framework,
respectively [20]). The data analysis was structured according
to the aforementioned quality dimensions [12]: The alarm load
was quantified by 152.5 (SD 42.2) alarms per bed per day on
average, issued mostly by the ventilator, IBP measurement, and
ECG in the morning shifts (ie, high/low blood pressure, high
respiratory rate, high/low heart rate). Alarm flood conditions
also mostly occurred in the morning shifts with, on average,
69.55 (SD 31.12) per day. With regard to avoidable alarms,
technical alarms were mostly issued by the ECG (ie, lead fallen
off). The dimension “responsiveness and alarm handling”
included the metric “alarm duration.” The calculation yielded
a median duration of 8 (range 0-2,291,314) seconds for clinical
alarms and 7 (range 0-403,440) seconds for technical alarms.

Regarding “sensing,” the alarm pause function is, on average,
applied 10.86 (SD 2.6) times per bed per day, and in 92%
(14,719/16,002) was not actively terminated, resulting in a
proper pause-to-pause ratio of 0.09:1. The “exposure” to alarms
per bed per day was higher in single rooms (26%, mean
172.9/137.2 alarms per day per bed). Most alarms were, on
average, issued by 7.6 of 21 beds (36%).

Alarm Metrics in Perspective
Cvach et al [29] suggested that most ICU patients have less than
the average number of alarms per bed per day while a few have
more than that. In their data analysis of adult telemetry, 19%
(n=3) exceeded the unit’s average on a single day; in our data
analysis, on average, 36% (n=7.6) exceeded the unit’s average.

Our data analysis shows that beds located in a single bedroom
have a higher alarm load compared to a bed in a double
bedroom. Further analysis of alarm data at the patient level
could reveal whether the alarm load depends on the severity of
the patient's illness. Upon presenting our results to ICU staff,
they noted that patients in delirium are often treated in single
bedrooms. Since delirium is a condition that can lead to erratic
movements [31], this might explain the larger number of alarms
coming from single bedrooms (eg, due to disconnected ECG
leads). This anecdote highlights the importance of presenting
the results of the data analysis to ICU staff, as suggested in
Figure 1.

Slow response times can be an indicator of alarm fatigue [32].
However, response times to alarms can be slow for other reasons
than alarm fatigue alone, such as the unit’s floor layout and
policies [17] or the staff members’ individual personality traits
[33]. Similarly, response times can be fast for other reasons
than a well-functioning organization: ICU staff might be so
severely desensitized to alarms that they start terminating them
blindly, without properly evaluating the patient’s situation [12].
Although response time and alarm duration are related, they are
not the same. Response time describes the time between the
generation of an alarm and its manual termination. Alarm
duration describes the time between the generation of an alarm
and any termination of that alarm (such as the auto-termination
of alarms if an alarm with a higher priority is issued). Our data
did not include information on whether an alarm was manually
terminated or not, which is why we focused on analyzing the
alarm duration.

Although the pause function of the monitoring devices can
prevent unnecessary alarms [14,26], it should be used
responsibly by terminating it before leaving the patient. Our
data yielded a proper pause-to-pause ratio of 0.09:1, meaning
that most pauses that were started were not actively terminated
but lasted for their default maximum length of 3 minutes. This
ratio is far from Hu鬇ske-Kraus et al’s [12] ideal ratio of 1, where
all pauses would be a “proper pause.” If it is indeed the case
that health care providers leave patients with the alarm pause
still engaged, then this aspect should be included in future staff
training to promote a responsible use of the alarm pause
function. However, other reasons for this pattern in the data
should be considered as well. For example, sometimes even the
maximum duration of an alarm pause is not long enough (eg,
when ICU staff are in the middle of an intervention on the other
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side of the bed, unable to reach the patient monitor, watching
the pause automatically disengage). Hence, this nonideal proper
pause ratio does not necessarily represent carelessness of ICU
staff but could hint towards the maximum default length of
alarm pauses as being too short.

Limitations
Quantification of the alarms does not reflect whether alarm
fatigue is an issue in the respective ICU. In order to evaluate
alarm fatigue as a complex sociotechnical phenomenon, the
data analysis should be accompanied by a qualitative study (eg,
by staff interviews or alarm fatigue surveys) [34]. Our applied
grouping of metrics into dimensions is based on available
literature, not delimited, and to some extent arbitrary. For
example, the “alarm pause” metric could be assigned to the
dimension “alarm handling” or the “alarm flood” metric to the
dimension “exposure.” The software version of our monitoring

system does not log technical alarms with a low priority (soft
inoperable alarms), and we did not include alarms from every
medical device that issues alarms (eg, perfusion pump alarms
are not included). Hence, the metrics reported underestimate
the actual alarm load of the unit.

Conclusion
We demonstrated that basic data analysis skills can help generate
valuable insights for designing alarm management interventions
and how alarm data analyses might be embedded in an
overarching framework that guides in developing such
interventions. We hope the presented DIY instructions and the
alarm processing and visualization scripts accompanying this
publication will be helpful to other intensivists and researchers
and spur the publication of many ICUs’ alarm data and lessons
learned from their alarm management efforts.
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DIY: do-it-yourself
ECG: electrocardiogram
ICU: intensive care unit
IBP: invasive blood pressure
NIBP: noninvasive blood pressure
SpO2: oxygen saturation

Edited by G Eysenbach; submitted 16.12.20; peer-reviewed by M Sayed, K Braune; comments to author 11.01.21; revised version
received 11.03.21; accepted 02.04.21; published 28.05.21

Please cite as:
Poncette AS, Wunderlich MM, Spies C, Heeren P, Vorderwülbecke G, Salgado E, Kastrup M, Feufel MA, Balzer F
Patient Monitoring Alarms in an Intensive Care Unit: Observational Study With Do-It-Yourself Instructions
J Med Internet Res 2021;23(5):e26494
URL: https://www.jmir.org/2021/5/e26494
doi: 10.2196/26494
PMID:

©Akira-Sebastian Poncette, Maximilian Markus Wunderlich, Claudia Spies, Patrick Heeren, Gerald Vorderwülbecke, Eduardo
Salgado, Marc Kastrup, Markus A Feufel, Felix Balzer. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 28.05.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license
information must be included.

J Med Internet Res 2021 | vol. 23 | iss. 5 | e26494 | p. 12https://www.jmir.org/2021/5/e26494
(page number not for citation purposes)

Poncette et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

49

http://dx.doi.org/10.1007/s10877-016-9958-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27848141&dopt=Abstract
https://www.jmir.org/2021/5/e26494
http://dx.doi.org/10.2196/26494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


���� 2ULJLQDODUEHLW �� 1XW]HU]HQWULHUWH (YDOXDWLRQ GHU

%HQXW]HUREHUIOlFKH HLQHV 3DWLHQWHQIHUQ�EHUZDFKXQJV�

V\VWHPV I�U GLH ,QWHQVLYVWDWLRQ XQG (QWZLFNOXQJ HLQHV

YHUEHVVHUWHQ 3URWRW\SHQ PLWWHOV +XPDQ�FHQWHUHG�'HVLJQ

$QVDW]
3RQFHWWH $� 0RVFK /.� 6WDEOR /� 6SLHV &� 6FKLHOHU 0� :HEHU�&DUVWHQV 6�

)HXIHO 0$� %DO]HU )� $ 5HPRWH 3DWLHQW�0RQLWRULQJ 6\VWHP IRU ,QWHQVLYH &DUH

0HGLFLQH� 0L[HG 0HWKRGV +XPDQ�&HQWHUHG 'HVLJQ DQG 8VDELOLW\ (YDOXDWLRQ�

-0,5�+XP�)DFWRUV�����������H�����

,Q GHU 2ULJLQDODUEHLW � ZXUGH GXUFK GDV LQWHQVLYPHGL]LQLVFKH 3HUVRQDO HLQH KRKH

%HQXW]HUIUHXQGOLFKNHLW �8VDELOLW\� YRQ 3DWLHQWHQPRQLWRULQJ�*HUlWHQ DOV HVVHQ]LHOO HLQJHVWXIW�

+LHUEHL ZXUGH HLQH PDQJHOQGH %HQXW]HUIUHXQGOLFKNHLW PHGL]LQLVFKHU *HUlWH DOV %DUULHUH I�U

GLH HUIROJUHLFKH ,PSOHPHQWLHUXQJ XQG DOV HLQ VLFKHUKHLWVUHOHYDQWHV 'HIL]LW LGHQWLIL]LHUW� 'XUFK

HLQH IU�K]HLWLJH (LQEH]LHKXQJ GHV 3HUVRQDOV LQ GLH (QWZLFNOXQJ QHXHU 3URGXNWH N|QQHQ

VROFKH )HKOHU YHUPLHGHQ ZHUGHQ� =LHO GLHVHU $UEHLW ZDU HV� PLW HLQHP +XPDQ�FHQWHUHG

'HVLJQ �+&'��$QVDW] GLH %HQXW]HUIUHXQGOLFKNHLW HLQHU %HQXW]HUREHUIOlFKH �HQJO� 8VHU

,QWHUIDFH� 8,� HLQHV 3DWLHQWHQIHUQ�EHUZDFKXQJVV\VWHPV DXI GHU ,76 ]X HYDOXLHUHQ VRZLH

'HVLJQ�bQGHUXQJHQ�]X�NRQ]LSLHUHQ�XQG�]X�EHZHUWHQ�

'LH 6WXGLH ZXUGH DOV 0L[HG�0HWKRG 6WXGLH ]ZLVFKHQ $XJXVW ���� XQG 0lU] ���� LP

5DKPHQ GHU ,PSOHPHQWLHUXQJ HLQHV 3DWLHQWHQIHUQ�EHUZDFKXQJVV\VWHPV DXI HLQHU ,76 GHU

&KDULWp ± 8QLYHUVLWlWVPHGL]LQ %HUOLQ GXUFKJHI�KUW� ,P HUVWHQ 6FKULWW ZXUGH GDV 8, GHV QHX

HLQJHI�KUWHQ 3DWLHQWHQIHUQ�EHUZDFKXQJVV\VWHPV HYDOXLHUW� +LHUI�U ZXUGHQ VLPXOLHUWH

1XW]HUWHVWV PLW 7KLQN�$ORXG�3URWRNROOHQ PLW 0LWDUEHLWHU�LQQHQ GHU ,76 �Q �� GXUFKJHI�KUW XQG

GLH GDUDXV UHVXOWLHUHQGHQ TXDOLWDWLYHQ 'DWHQ �7UDQVNULSWH� PLWWHOV GHGXNWLYHP $QVDW]

DQDO\VLHUW� %DVLHUHQG DXI GHQ KLHUGXUFK LGHQWLIL]LHUWHQ 8VDELOLW\�3UREOHPHQ ZXUGHQ

'HVLJQ�bQGHUXQJHQ NRQ]LSLHUW XQG DQJHZHQGHW� XP HLQHQ YHUEHVVHUWHQ 3URWRW\S GHU

%HQXW]HUREHUIOlFKH ]X HQWZLFNHOQ� %HLP 9HUJOHLFK GHU %HQXW]HUREHUIOlFKHQ ZXUGHQ GLH

ZDKUJHQRPPHQH %HQXW]HUIUHXQGOLFKNHLW PLW GHU 6\VWHP�8VDELOLW\�6NDOD �686�� GLH

/HLVWXQJVHIIL]LHQ] PLW GHU QRUPDWLYHQ 3IDGDEZHLFKXQJ �13'� XQG GLH (IIHNWLYLWlW GXUFK

0HVVXQJ GHU $XIJDEHQHUI�OOXQJVUDWH �Q �� EHZHUWHW� 'LH bQGHUXQJHQ ZXUGHQ PLW HLQHP

W�7HVW EHL ]ZHL 6WLFKSUREHQ� HLQHU 3RLVVRQ�5HJUHVVLRQ PLW HLQHP JHQHUDOLVLHUWHQ OLQHDUHQ

JHPLVFKWHQ 0RGHOO XQG HLQHP &KL�4XDGUDW�7HVW DXI VWDWLVWLVFKH 6LJQLILNDQ] JHSU�IW� 3�:HUWH

������ZXUGHQ�DOV�VLJQLILNDQW�EHZHUWHW�

50



(V ZXUGHQ LQVJHVDPW �� 3UREOHPH GHU %HQXW]HUIUHXQGOLFKNHLW GHV

3DWLHQWHQIHUQ�EHUZDFKXQJV�8, LGHQWLIL]LHUW� 'LHVH NRQQWHQ � 6XEFRGHV ]XJHRUGQHW ZHUGHQ�

1�W]OLFKNHLW GHV 6\VWHPV� $QWZRUW]HLW� 5HDNWLRQVIlKLJNHLW� %HGHXWXQJ GHU %H]HLFKQXQJHQ�

)XQNWLRQ GHU 8,�(OHPHQWH XQG 1DYLJDWLRQ� =X GHQ ,GHHQ XQG $QIRUGHUXQJHQ GHU

%HQXW]HU�LQQHQ DQ GLH %HQXW]HUREHUIOlFKH JHK|UWHQ HLQH KRKH %HQXW]HUIUHXQGOLFKNHLW�

$QSDVVEDUNHLW XQG GLH %HUHLWVWHOOXQJ YRQ DNXVWLVFKHQ $ODUPPHOGXQJHQ� (V ZXUGHQ

JUDILVFKH XQG JHVWDOWHULVFKH bQGHUXQJHQ YRUJHVFKODJHQ� XP HLQH EHVVHUH 1DYLJDWLRQ�

,QIRUPDWLRQVGDUVWHOOXQJ XQG UlXPOLFKH 2ULHQWLHUXQJ ]X HUP|JOLFKHQ� 'LH %HQXW]HUREHUIOlFKH

ZXUGH �EHUDUEHLWHW� LQGHP HLQ 3URWRW\S �'HVLJQ %� PLW HLQHP UHVSRQVLYHUHQ 'HVLJQ VRZLH

bQGHUXQJHQ DQ GHU %HVFKULIWXQJ XQG GHQ (OHPHQWHQ GHU %HQXW]HUREHUIOlFKH HUVWHOOW ZXUGH�

'LH VWDWLVWLVFKH $QDO\VH ]HLJWH� GDVV VLFK GLH ZDKUJHQRPPHQH %HQXW]HUIUHXQGOLFKNHLW EHL

GHP �EHUDUEHLWHWHQ 3URWRW\S VLJQLILNDQW YHUEHVVHUWH �686 'HVLJQ $� 0LWWHOZHUW ����� 6'

������ Q  �� 'HVLJQ %� 0LWWHOZHUW ��� 6' ����� Q  �� 3  ������� HEHQVR GLH

/HLVWXQJVHIIL]LHQ] �13' 'HVLJQ $� 0LWWHOZHUW ���� 6' ����� Q  �� 'HVLJQ %� 0LWWHOZHUW ����

6' ����� Q  �� 3  ������ XQG GLH (IIHNWLYLWlW �'HVLJQ $� �� 9HUVXFKH� ��PDO QLFKW

EHVWDQGHQ� ���PDO EHVWDQGHQ� 'HVLJQ %� �� 9HUVXFKH� ��PDO QLFKW EHVWDQGHQ� ���PDO

EHVWDQGHQ��3� ��������

0LWKLOIH YRQ 8VDELOLW\�7HVWV GXUFK 7KLQN�$ORXG�3URWRNROOH NRQQWH HLQ 3URWRW\S HLQHU

3DWLHQWHQ�EHUZDFKXQJV�8, PLW GHXWOLFK YHUEHVVHUWHU 8VDELOLW\� 3HUIRUPDQFH XQG (IIHNWLYLWlW

HQWZLFNHOW ZHUGHQ� ,Q GHU NOLQLVFKHQ $UEHLWVXPJHEXQJ GHU ,76 NDQQ 7HFKQRORJLH PLW

LQVXIIL]LHQWHU %HQXW]HUIUHXQGOLFKNHLW ]X GLYHUVHQ 1DFKWHLOHQ RGHU JDU *HIlKUGXQJHQ I�U

3HUVRQDO XQG 3DWLHQW�LQQHQ I�KUHQ� 'DKHU VROOWHQ WHFKQLVFKH *HUlWH LQ GHU ,QWHQVLYPHGL]LQ

VR JHVWDOWHW VHLQ� GDVV VLH HIIL]LHQWH XQG HIIHNWLYH $UEHLWVDEOlXIH XQWHUVW�W]HQ XQG NHLQH

+LQGHUQLVVH GDUVWHOOHQ� 8QVHUH (UJHEQLVVH OHJHQ QDKH� GDVV GLHV GXUFK GLH $QZHQGXQJ YRQ

+&'�0HWKRGHQ�XQG��3ULQ]LSLHQ�HUUHLFKW�ZHUGHQ�NDQQ�

51



Original Paper

A Remote Patient-Monitoring System for Intensive Care Medicine:
Mixed Methods Human-Centered Design and Usability Evaluation

Akira-Sebastian Poncette1,2*, MD; Lina Katharina Mosch1,2*, MD; Lars Stablo3, MSc; Claudia Spies2, MD, PhD;
Monique Schieler2; Steffen Weber-Carstens2, MD, PhD; Markus A Feufel3, MSc, PhD; Felix Balzer1, MSc, MD, PhD
1Institute of Medical Informatics, Charité – Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and Humboldt-Universität zu
Berlin, Berlin, Germany
2Department of Anesthesiology and Intensive Care Medicine, Charité – Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and
Humboldt-Universität zu Berlin, Berlin, Germany
3Division of Ergonomics, Department of Psychology and Ergonomics (IPA), Technische Universität Berlin, Berlin, Germany
*these authors contributed equally

Corresponding Author:
Felix Balzer, MSc, MD, PhD
Institute of Medical Informatics
Charité – Universitätsmedizin Berlin
Corporate Member of Freie Universität Berlin and Humboldt-Universität zu Berlin
Charitéplatz 1
Berlin, 10117
Germany
Phone: 49 30450 ext 651166
Email: felix.balzer@charite.de

Abstract
Background: Continuous monitoring of vital signs is critical for ensuring patient safety in intensive care units (ICUs) and is
becoming increasingly relevant in general wards. The effectiveness of health information technologies such as patient-monitoring
systems is highly determined by usability, the lack of which can ultimately compromise patient safety. Usability problems can
be identified and prevented by involving users (ie, clinicians).
Objective: In this study, we aim to apply a human-centered design approach to evaluate the usability of a remote
patient-monitoring system user interface (UI) in the ICU context and conceptualize and evaluate design changes.
Methods: Following institutional review board approval (EA1/031/18), a formative evaluation of the monitoring UI was
performed. Simulated use tests with think-aloud protocols were conducted with ICU staff (n=5), and the resulting qualitative data
were analyzed using a deductive analytic approach. On the basis of the identified usability problems, we conceptualized informed
design changes and applied them to develop an improved prototype of the monitoring UI. Comparing the UIs, we evaluated
perceived usability using the System Usability Scale, performance efficiency with the normative path deviation, and effectiveness
by measuring the task completion rate (n=5). Measures were tested for statistical significance using a 2-sample t test, Poisson
regression with a generalized linear mixed-effects model, and the N-1 chi-square test. P<.05 were considered significant.
Results: We found 37 individual usability problems specific to monitoring UI, which could be assigned to six subcodes:
usefulness of the system, response time, responsiveness, meaning of labels, function of UI elements, and navigation. Among user
ideas and requirements for the UI were high usability, customizability, and the provision of audible alarm notifications. Changes
in graphics and design were proposed to allow for better navigation, information retrieval, and spatial orientation. The UI was
revised by creating a prototype with a more responsive design and changes regarding labeling and UI elements. Statistical analysis
showed that perceived usability improved significantly (System Usability Scale design A: mean 68.5, SD 11.26, n=5; design B:
mean 89, SD 4.87, n=5; P=.003), as did performance efficiency (normative path deviation design A: mean 8.8, SD 5.26, n=5;
design B: mean 3.2, SD 3.03, n=5; P=.001), and effectiveness (design A: 18 trials, failed 7, 39% times, passed 11, 61% times;
design B: 20 trials, failed 0 times, passed 20 times; P=.002).
Conclusions: Usability testing with think-aloud protocols led to a patient-monitoring UI with significantly improved usability,
performance, and effectiveness. In the ICU work environment, difficult-to-use technology may result in detrimental outcomes
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for staff and patients. Technical devices should be designed to support efficient and effective work processes. Our results suggest
that this can be achieved by applying basic human-centered design methods and principles.
Trial Registration: ClinicalTrials.gov NCT03514173; https://clinicaltrials.gov/ct2/show/NCT03514173

(JMIR Hum Factors 2022;9(1):e30655) doi: 10.2196/30655

KEYWORDS
digital health; patient monitoring; intensive care medicine; intensive care unit; technological innovation; user-centered design;
usability; user experience; implementation science; qualitative research; interview; mixed methods; mobile phone

Introduction
Background
Continuous monitoring of vital signs is essential for patient
safety in the intensive care unit (ICU) and emergency room [1].
It is also becoming increasingly relevant in general wards [2].
In the past decade, particularly in the context of the digital
transformation of health care, vital sign monitoring has
undergone constant change and is being transformed and
augmented by important technological innovations such as less
invasive sensors, remote monitoring technology [3-5], and
artificial intelligence for clinical decision support [6,7].
Together, these innovations hold great promise for improving
patient safety and health care provision [8,9].

Effective implementation of novel technologies, such as remote
patient-monitoring devices, faces a variety of barriers [10-12],
including lack of adoption by clinicians, often because of poor
usability of the respective technologies [13-15]. In addition to
its importance in successful implementation, usability is closely
related to the efficacy of the technology [16,17]. A lack of
usability may lead to medical errors, thus compromising patient
safety [18,19]. Therefore, usability evaluation and identification
of specific usability problems are essential in the development
of a novel technology and its implementation in the clinical
setting. However, to date, usability problems remain prominent
in health information technology (IT), suggesting that usability
aspects are often neglected in the health IT development process
[20-22].

The human-centered design (HCD) approach is centered on the
involvement of end users and their experiences with the product
throughout the design and development process [23]. Applying
HCD in the early stages of the design of novel digital health
technologies can improve usability, staff adoption, effectiveness,

and efficiency [24,25]. Several frameworks and guidelines for
redesigning health care interfaces in accordance with HCD have
been published; however, their adoption in health care has been
lagging, and evidence on the impact of this topic on clinical
performance outcomes is scarce [26-32].

Aim
We aim to evaluate the usability of a remote patient-monitoring
system and, specifically, identify usability problems, positive
findings, and user ideas. We hypothesize that an HCD approach
will help to implement evidence-based design changes that will
improve the subjectively perceived usability and objective
measures of the effectiveness and efficiency of the technology.

Methods
Ethics Approval and Consent to Participate
This study was approved by the ethics committee of the
Charité–Universitätsmedizin Berlin (EA1/031/18). All
participants provided consent before the study.

Study Design
Our usability study followed a five-step, mixed methods
approach (Figure 1): (1) formative usability test of the
implemented patient-monitoring platform interface design A
[33], (2) identification and prioritization of usability problems,
(3) conceptualization and design of prototype interface design
B with informed design changes, (4) formative usability testing
of design B, and (5) comparison of design A and design B. For
usability testing, we applied simulated use tests with think-aloud
protocols and performance measurements (subjectively
perceived usability, efficiency, and effectiveness) [30,34]. For
step 5, we chose a single-factor 2-group study design, as
described by Gravetter and Forzano [35].
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Figure 1. The research approach, beginning with usability testing and identification of major problems in design A, followed by prototyping of design
B and its usability testing, concluding with a comparison between design A and design B.

Study Setting and Technical Setup
This study was conducted in the context of implementing the
Vital Sync 2.4 virtual patient-monitoring platform (Medtronic
plc) in the Post Anesthesia Care Unit, an ICU primarily for
postoperative patients requiring short-term intensive care
treatment and monitoring. VitalSync was used to monitor
patients in the ICU from portable tablet computers on hospital
premises. The primary patient-monitoring system used was the
IntelliVue patient monitoring system (MX800 software, version
M.00.03; MMS X2 software, version H.15.41-M.00.04) from
Koninklijke Philips NV.

Between May 2018 and June 2019, the VitalSync monitoring
system was installed for 5 of the 10 ICU beds. Two sensors (for
pulse oximetry and capnography) recorded peripheral capillary
oxygen saturation, pulse rate, end-tidal carbon dioxide, and
respiratory rate at a frequency of 1 Hz. The VitalSync user

interface (UI) was displayed on a monitor at the central station
and on six tablet computers (2 standard iPads, 2 iPad minis, and
2 Microsoft Surfaces). The UI of the system was structured
where the home screen gave an overview of patients admitted
to the system, displayed in tiles (Figure 2). Displayed were
numerical values for the monitoring parameters, the patient’s
name and bed location, and specific information on alarms if
any. Clicking on a patient tile took the user to a screen with
details about the selected patient (eg, graphical curves for
end-tidal carbon dioxide values) and other functions (eg,
displaying patient reports, linking, or unlinking devices). There
was also the option of clicking on each parameter to see a trend
analysis of that value. To link a patient to the system, the Admit
Patient screen was accessed, and the patient ID was entered,
after which the bed location and monitoring device could be
selected to complete the admission process (Figure 3) [36-38].
Further technical description and details regarding the use of
the software can be found elsewhere [10].

Figure 2. Home screen of the implemented patient-monitoring platform (design A). etCO2: end-tidal carbon dioxide; PR: pulse rate; RR: respiratory
rate; SPO2: peripheral capillary oxygen saturation [36-38].
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Figure 3. Admit Patient screen of the implemented patient-monitoring platform (design A) [36-38].

Research Team
Following the principles of HCD [39], our research team
members have multidisciplinary skills and perspectives.
Specifically, the team included a physician with a background
in anesthesiology, intensive care medicine, geriatrics, and digital
health (ASP); a senior medical student with a focus on digital
health (LM); a senior human factors student with a background
in engineering (LS); a professor of ergonomics with a PhD in
human factors and industrial and organizational psychology
(MF); the anesthesiology department’s head of staff (CS); and
a professor of medical data science, who is also a consultant
anesthesiologist and computer scientist (FB).

Data Collection
Data collection took place from August 23, 2019, to March 10,
2020. Our data comprised think-aloud transcripts of the first
block of usability tests (ie, design A), researcher notes (including
click patterns), and posttest questionnaires from the two blocks
of usability tests (ie, design A and design B). We conducted 10
usability tests with ICU staff—5 (50%) tests each for design A
(August and November 2019) and design B (February and
March 2020). For recruitment, we contacted potential
participants via email. We aimed to represent all professions
working with the remote patient-monitoring system, namely
anesthesiologists (3/10, 30%), ICU nurses (5/10, 50%), and
respiratory therapists (2/10, 20%). Participation was voluntary,
and no incentives were offered.

Usability testing of design A and design B was performed on
an iPad mini 4 (model A1550). For testing sessions with design
A, 5 patients in the ICU were connected to the system. This
allowed real-time monitoring of the patients’ vital signs on the
iPad used by the participants. Testing of design B differed from
testing of design A in that no patients were connected to actual
sensors, and only one of the researchers was present during the
testing sessions.

The testing sessions were conducted in German. Participants
were asked about their profession and the number of years of
professional experience in intensive care medicine. They were
then given 4 tasks to complete while verbalizing their thoughts
[40]. We provided the participants with the following use
context: “A new patient was admitted to the unit and was
connected to the etCO2 and SpO2 sensors (Mrs. Schmitt, born
01/01/1950, Patient-ID 12345, bed site 02).”

In accordance with the requirements for formative usability
testing [41], participants were selected to complete the following
key tasks during the simulated use test:

1. “Please add Mrs. Schmitt to the patients you want to
monitor in Vital Sync™.”

2. “You would like to see the trend of Mrs. Schmitt’s oxygen
saturation for the last two hours. How do you proceed?”

3. “You have identified that Mrs. Schmitt is actually not in
bed 2 but in bed 6. You want to adjust this information in
Vital Sync™. How do you proceed?”

4. “Mrs. Schmitt has been discharged. Please disconnect Mrs.
Schmitt’s devices and delete her entry from Vital Sync™.”

Audio recordings of the simulated use tests were transcribed
verbatim. A researcher who had not performed the transcription
reviewed the transcripts. Immediately after the simulated use
tests of both designs A and B, participants were asked to
complete a posttest questionnaire, including the System
Usability Scale (SUS) [42,43].

Data Analysis

Qualitative Analysis and Identification of Usability
Problems
To analyze data from the think-aloud transcripts of design A
testing sessions, we adapted a deductive analytic approach [44].
A coding scheme introduced by Kushniruk and Patel [44] was
refined to the topic of study (patient monitoring in ICUs;
Multimedia Appendix 1). Using the qualitative data analysis
software MAXQDA 2018 (VERBI GmbH), think-aloud
transcripts were coded according to the developed scheme.
Coded segments (ie, usability problems) were specified into the
subcodes, which were further summarized and listed (eg,
meaning of labels unclear).

To decide which problems to eliminate first in the subsequent
design iteration, summarized usability problems were ranked
in terms of severity and frequency [45,46]. To assess problem
severity, impact scores were assigned to each usability problem
by 2 physicians who were experienced in intensive care
medicine. The following scores were available for selection:

• The solution to this problem is subtle and possible
enhancement or suggestion (score 1)

• The problem has a minor effect on usability (score 2)
• The problem creates significant delay and frustration (score

3)
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• The problem prevents task completion (score 4)

Subsequently, the probability of occurrence was calculated by
dividing the number of participants who encountered a particular
problem by the total number of participants. To categorize
problem frequency, each usability problem was assigned to one
of four frequency levels: frequency ≤10% (level 1), frequency
11% to 50% (level 2), frequency 51% to 89% (level 3), and
frequency ≥90% (level 4). Finally, criticality was calculated by
adding the impact score and frequency levels [45] (eg, when a
usability problem was rated as creating significant delays
[impact score 3], which was experienced by 80% of participants
[level 3], resulting in a criticality score of 6).

Analysis of Effectiveness, Efficiency, and Subjective
Usability
The task completion rate [47,48] was measured to evaluate the
effectiveness of design A and design B. Normative path
deviation [49] was assessed based on participants’click patterns
to account for efficiency. The sequence of steps users took when
interacting with the interface to complete a task was compared
with an optimal sequence of goal-directed steps defined by the
researchers for each task. The difference between the normative
path and observed path for each user and each task was
calculated using the Levenshtein algorithm [33,49]. The SUS
was used to assess the perceived usability of design A and design
B [42,43,50].

Prototype Design
Design solutions were conceptualized by ASP and LS for all
identified usability problems. This resulted in a list of ranked
usability problems with the suggested design solutions. The
identified usability problems from design A were revised by
building design B, a clickable prototype, using Axure RP 9. A
feedback loop was used to develop design B: one researcher
(LS) built the prototype, and another researcher (ASP) reviewed
the design and provided feedback from an intensivist’s
perspective.

Statistical Analysis
To assess the level of improvement between design A and design
B, we hypothesized that the task completion rate for design B
would be higher than that of design A, design B would lead to

lower normative path deviation values than design A, and the
SUS scores for design B would be higher than that of design
A.

We used the N-1 chi-square test to compare the task completion
rates of both designs [45]. To compare the normative path
deviations for both designs, we used a Poisson regression
drawing upon a generalized linear mixed-effects model with
participants as random effects, as introduced by Schmettow et
al [33]. A 2-sample t test was conducted to compare the SUS
scores between design A and design B, as recommended by
Sauro and Lewis [45]. We tested for normality using the
Shapiro–Wilk test [51] and homoscedasticity (homogeneity of
variance) using the Levene test [52].

Results
Overview and Sample
Measured by task completion rate, normative path deviation,
and SUS score, design B was found to be significantly improved
compared with design A. We first elaborate on the results of
the qualitative analyses and then report the quantitative results.

The sample comprised a total of 10 ICU staff, aged 25 to 39
years, with work experience ranging from 1 to 20 years, who
were divided into groups (5, 50% each) for the evaluation of
the 2 designs.

Qualitative Results

Summary
The coding of the transcripts revealed three main codes: usability
problems, user ideas and requirements, and positive findings.
The codes are visualized with a sunburst diagram (Figure 4; see
Multimedia Appendix 1 for the adapted coding scheme by
Kushniruk and Patel [44]). Items from the transcripts of the
think-aloud protocols were mapped to the subcodes derived by
Kushniruk and Patel [44] for the main categories—usability
problems and positive findings. For usability problems, the
items were assigned to the subcodes of usefulness of the system,
response time, responsiveness, meaning of labels, function of
UI elements, and navigation; for positive findings, the items
were assigned to usefulness, overall ease of use, function of UI
elements, layout/screen organization, and color.
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Figure 4. Results of qualitative analysis of the think-aloud transcript. Three main codes were identified (inner ring) and subcoded (middle ring). The
outer ring represents further information derived from the concrete items that were assigned to the subcodes (ie, specific user ideas or positive findings).
UI: user interface.

Usability Problems
In total, 37 specific usability problems were identified
(Multimedia Appendix 2). The number of usability problems
related to the respective codes is visualized in Figure 5; most
issues were related to labeling (53/88, 60%). The meaning of
labels was mostly unclear—that is, participants were not familiar
with certain terms (eg, the meaning of exclamation marks,
abbreviations such as those for pulse rate [PR] and integrated
pulmonary index [IPI], or terms such as polardiagramm). Users
were concerned about whether a certain function was useful for
the requirements of their clinical work or when a given task

could not be accomplished (eg, participants selected the wrong
bed site tile and participants were not sure about the correct
patient or device ID; 14/88, 16%). There were difficulties in
using or understanding the function of UI elements such as
buttons (eg, gray circle or telescope symbols; 8/88, 9%).
Furthermore, participants seemed to have problems navigating
the monitoring system (ie, finding the right click path to admit
patients to the platform; 8/88, 9%). Users criticized the
responsiveness of the system (ie, the system did not behave as
expected; 3/88, 3%) and the response time (ie, they complained
about the time it took the device to respond; 2/88, 2%).
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Figure 5. Number of occurrences for each subcode of usability problems. Meaning of labels (n=53), usefulness (n=14), function of UI elements (n=8),
navigation (n=8), responsiveness (n=3), response time (n=2). UI: user interface.

User Ideas and Requirements
Users emphasized that the system’s ease of use was particularly
important to ensure its usability in emergency situations. The
tool should be customizable to add other relevant vital signs
(eg, intracranial pressure) or to display additional patient
information. Participants required audible alarm notifications
and the ability to share information regarding relevant patient
events with colleagues (eg, about critical patient conditions).
Vector graphics were suggested to allow zooming in and out
of the vital sign curves. Moreover, participants demanded the
ability to see curves of different parameters in an overlapping
representation to be able to make inferences from one vital
parameter to another. To facilitate spatial orientation, it was
suggested that the beds be displayed in the UI according to the
physical ward floor plan. Other ideas included adding a
drag-and-drop function to rearrange multiple beds at once in
the UI and integrating a high-frequency recording function to
capture critical events.

Positive Findings
Participants stated that the system’s scope of functionality was
limited compared with other monitoring solutions. However,
the reduced complexity was considered helpful in hospital wards
with high patient turnover or stressful environments to get a
quick overview of the patient’s health condition. The system’s

mobility and overall ease of use were perceived as positive.
Participants seemed to be familiar with the following basic UI
elements: the home button depicted by a house, the editing
symbol depicted by a pen, and the alarm symbol depicted by a
warning triangle. Simplicity in the design and use of color was
also rated as positive.

Design Iteration
The 37 distinct usability problems were ranked in relation to
severity and frequency of occurrence (Multimedia Appendix
2). Potential solutions were assigned to the problems and were
realized in design B (Figures 6 and 7). In total, 5 design
iterations were performed between ASP and LS.

The main improvements in the prototype version compared with
the previous interface were as follows:

• More responsive design
• Unknown labels were replaced or removed
• Unknown UI elements were replaced or removed
• A dashboard that counted beds, patients, and monitoring

systems was added
• A confirmation dialog before replacing bed numbers was

added
• State-of-the-art dark theme design was adapted from

material.io
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Figure 6. Redesign of the user interface of the prototype (design B) patient admission screen.

Figure 7. Redesign of the user interface of the prototype (design B) patient tile overview.

Quantitative Results

Effectiveness
The task completion rate was higher for design B (attempts=20;
0/20, 0% failed and 20/20, 100% passed) than for design A
(attempts=18; 7/18, 39% failed and 11/18, 61% passed). A

1-tailed N-1 chi-square test suggests that this is a statistically
significant difference (χ2

1=9.3; P=.002).

Efficiency
The average normative path deviation of design B (mean 3.2,
SD 3.03; 5/10, 50%) was 63.4% lower than that of design A
(mean 8.8, SD 5.26; 5/10, 50%; Figure 8). Poisson mixed-effects
regression suggests that this reduction in the normative path
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deviation is statistically significant (βdesign B=−1.04, 95% CI −2.09 to −0.13; exp [βdesign B]=1.13; P<.001).

Figure 8. Scores of normative path deviation for design A and design B. The circle symbolizes outliers. Outliers are defined in the box plots as values
that have 1.5 times the distance between Q1 and Q3 (Q1 is the lower line of the box, and Q3 is the upper line of the box).

Usability
The average SUS score of design B (mean 89, SD 4.87; 5/10,
50%) was higher than that of design A (mean 68.50, SD 11.26;
5/10, 50%). This difference was statistically significant with a
1-tailed t test (t8=3735; P=.003).

Discussion
Principal Findings
This study evaluated the usability of a remote patient-monitoring
system (design A) by identifying the individual usability
problems that informed the conceptualization and design of a
revised prototype version (design B). Most of the usability
problems identified were related to labeling, followed by the
perceived lack of usefulness of the monitoring system
[10,53,54]. The UI’s navigation was frequently criticized by
participants. Further identified usability problems include
unclear UI elements, poor responsiveness, and increased
response time. The resolution of the usability problems resulted
in a significant increase in the perceived usability, efficiency,
and effectiveness of the system.

Usability of Technologies in Intensive Care Medicine
Over the past 2 decades, the usability of health IT has been
investigated in multiple studies applying different
methodologies, revealing relatively poor usability and late
involvement of end users in the development process [22,55].
This is reflected in our results; based on an HCD approach, we
found a relatively high number of easy-to-solve usability
problems, the resolution of which led to a significant
improvement in the usability of the remote patient-monitoring
solution. Most of the usability problems identified were related
to labeling, an important issue that is addressed by regulatory
requirements [30,56]. The UI’s navigation was frequently
criticized by participants. UI navigation problems can affect the
overall usability of medical devices, especially in high-stress
situations [57-59]. In this regard, simple, intuitive, and
role-specific designs are beneficial [60-62], which is also
reflected in the user ideas generated by the participants in our
study.

The ICU is an exceptional environment that places diverse
demands on health IT to be used there. High stress levels and
patients who are unstable and critically ill, with varying care
and treatment requirements, are among the conditions that must
be considered [63-67]. Multiple digital devices already in place
increase the cognitive load on staff as they are required to
operate the devices and interpret their output [62,67]. Health
care professionals applying physiological monitoring systems
underuse the range of features currently available [28]. This
might also be because of inadequate digital skills among health
professionals and insufficient training of staff in the use of
digital technologies [68-72].

With the increasing complexity and expanding the functionality
of digital technologies and their increased use in all clinical
settings, usability considerations have become all the more
important to realize the full potential of such innovations. Given
our findings, we suggest that HCD plays an important role in
realizing the potential of IT in health care.

HCD in the Implementation of Digital Health
Technology
Applying an HCD approach, the inclusion of usability testing
and prototyping of a new UI for a remote patient-monitoring
system increased usability, according to our findings. HCD
encompasses the involvement of end users (ie, health care
professionals) in the design and evaluation process, and the
required efforts have been shown to be both worthwhile and
beneficial in all development phases of a novel digital health
technology, enhancing usability and performance [28,59,73].
Research suggests that user knowledge and beliefs about the
technology to be implemented are key factors for the successful
implementation of the technology [74]. Therefore, HCD should
be applied not only during the design and development processes
but also during implementation [55]. This could be achieved
by establishing innovation and usability laboratories in
universities and maximum care hospitals [75]. In the future,
HCD is likely to be indispensable for improving both the
performance and implementation of IT in health care.

Despite many publications demonstrating the benefits and
relevance of usability testing and HCD in health care, there still
seems to be a lack of awareness of its importance and the value
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of involving key users in the early stages of technology
development. The reasons for this may be the perceived costs
and frequent lack of incentives to conduct usability evaluations.
Moreover, as was the case in our study, the design and
implementation of health technologies are often separate
processes, making it difficult to apply an HCD approach across
all development and implementation phases [22,73]. Further
research needs to be conducted to explore how to overcome
these barriers to obtain the most out of IT products in health
care for both staff and patients.

Limitations
In this study, we showcase an HCD approach to improve the
usability of a remote patient-monitoring system in a hospital
setting. However, from a scientific perspective, there are several
limitations to the scope of the study and the interpretation of
results. Owing to the qualitative research design, it is not
possible to quantify or generalize the usability problems
identified to other health technologies and settings. In addition,
translation of our results to other hospital settings or countries
is limited because of the single-center design of this study and
the relatively small sample size. It was not possible to draw
samples randomly, which needs to be considered as a potential
source of bias when interpreting the results. The comparison
between design A, which was a working medical product
installed in the ICU, and design B, a prototype mock-up, may
be potentially unfair with a number of confounders in the 2
arms. Nonetheless, given the observed effects of meaningful
labeling and easy-to-understand UIs on efficiency and
effectiveness, our results help to underline the importance and
potential of HCD for realizing the potential of IT in health care.
Follow-up studies should be envisioned in collaboration with
medical device manufacturers using design B.

We did not perform a usability test of all features of the remote
patient-monitoring device, which comprises more than just the

remote monitoring device UI (eg, sensors, bedside monitors, or
cables are also part of it). We focused on tablet use for this study
as it distinguishes remote patient monitoring from regular patient
monitoring, and the tablet is the touchpoint with which the user
interacts most frequently. Thus, we restricted the study scope
to the UI of the tablet version of the remote monitoring system;
that is, the smartphone and desktop UI versions were not
investigated. We only tested the German version of the UI,
which limits certain findings (eg, regarding the labeling) to
German-speaking regions.

We were not able to refer to a standardized checklist or protocol
for reporting the results of this study. The development of such
a checklist or protocol could be an interesting area for further
research, as it could improve the quality and reproducibility of
usability study reports.

Conclusions
Applying an HCD approach with usability testing and
conceptualized design of a revised prototype version
significantly improved the usability of the remote
patient-monitoring system for the end points of perceived ease
of use, efficiency, and effectiveness. Technical devices should
be designed to support efficient and effective work processes,
especially in the sensitive working environment of the ICU,
with usability being an essential facilitator of maximum
performance, successful implementation, and ultimately patient
safety. Our results suggest that HCD methods and principles
can help realize the goals and potential of IT in health care.
However, currently, HCD methods are often not applied early
enough in the development process of digital health technologies
for ICUs. Further research should explore how to increase early
product evaluations in hospitals with end users to take better
advantage of their input, not only for the development of
user-friendly IT solutions but also for their successful
implementation in clinical settings.
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Abstract
Background: Digital health technologies such as continuous remote monitoring and artificial intelligence–driven clinical
decision support systems could improve clinical outcomes in intensive care medicine. However, comprehensive evidence and
guidelines for the successful implementation of digital health technologies into specific clinical settings such as the intensive care
unit (ICU) are scarce. We evaluated the implementation of a remote patient monitoring platform and derived a framework proposal
for the implementation of digital health technology in an ICU.
Objective: This study aims to investigate barriers and facilitators to the implementation of a remote patient monitoring technology
and to develop a proposal for an implementation framework for digital health technology in the ICU.
Methods: This study was conducted from May 2018 to March 2020 during the implementation of a tablet computer–based
remote patient monitoring system. The system was installed in the ICU of a large German university hospital as a supplementary
monitoring device. Following a hybrid qualitative approach with inductive and deductive elements, we used the Consolidated
Framework for Implementation Research and the Expert Recommendations for Implementing Change to analyze the transcripts
of 7 semistructured interviews with clinical ICU stakeholders and descriptive questionnaire data. The results of the qualitative
analysis, together with the findings from informal meetings, field observations, and previous explorations, provided the basis for
the derivation of the proposed framework.
Results: This study revealed an insufficient implementation process due to lack of staff engagement and few perceived benefits
from the novel solution. Further implementation barriers were the high staff presence and monitoring coverage in the ICU. The
implementation framework includes strategies to be applied before and during implementation, targeting the implementation
setting by involving all ICU stakeholders, assessing the intervention’s adaptability, facilitating the implementation process, and
maintaining a vital feedback culture. Setting up a unit responsible for implementation, considering the guidance of an implementation
advisor, and building on existing institutional capacities could improve the institutional context of implementation projects in
the ICU.
Conclusions: Implementation of digital health in the ICU should involve a thorough preimplementation assessment of the ICU’s
need for innovation and its readiness to change, as well as an ongoing evaluation of the implementation conditions. Involvement
of all stakeholders, transparent communication, and continuous feedback in an equal atmosphere are essential, but leadership
roles must be clearly defined and competently filled. Our proposed framework may guide health care providers with concrete,
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evidence-based, and step-by-step recommendations for implementation practice, facilitating the introduction of digital health in
intensive care.
Trial Registration: ClinicalTrials.gov NCT03514173; https://clinicaltrials.gov/ct2/show/NCT03514173

(JMIR Form Res 2022;6(4):e22866) doi: 10.2196/22866

KEYWORDS
digital health; patient monitoring; intensive care medicine; intensive care unit; technological innovation; user-centered; usability;
implementation; implementation science; qualitative research; interview

Introduction
Background
In intensive care medicine, digital health technologies promise
to improve outcomes by reducing the patients’ length of stay
or preventing complications [1-3]. Continuous remote
monitoring allows early detection of deterioration in intensive
care unit (ICU) patients and therefore rapid therapeutic
intervention [4]. Algorithms used in clinical decision support
systems and early warning scores can analyze the large amounts
of data generated by ICU monitoring devices to decrease ICU
mortality and the risk of complications such as prescription
errors [5,6]. Despite the potential, the digital transformation of
health care is lagging in numerous countries for reasons that
can be ascribed at every level of the health care system. At the
macro level, weak national internet infrastructures, high market
fragmentation, and lack of legal frameworks, financing models,
and interoperability play a significant role [7-9]. At the meso
and micro levels, cumbersome operation, high costs, lack of
interoperability, information governance uncertainty, and
organizational resistance block digital health technology
implementation [10-13].

Implementation science, as an increasingly evolving discipline,
has brought about the publication of numerous guidelines and
recommendations for the implementation of digital health
technologies in health care settings by various institutions and
researchers [9,14-17]. However, still scarce is the evidence
regarding meso- and micro-level implementation and the
guidelines for the successful integration of digital health
technologies into specific clinical settings [16,18-20]. Successful
and sustainable implementation in health care requires a holistic
concept to be followed, applying meaningful strategies at all
levels [21-23]. In particular, the implementation processes of
digital health tools in German ICUs are poorly explored, apart
from the concept tele-ICU, which involves augmenting local
ICU capacity with external expertise through video consultation,
remote monitoring, and web-based access to patient data
management systems [1,24,25].

Five domains are essential for the implementation of digital
health in various health care settings: (1) the individual digital
health technology (eg, remote patient monitoring systems), (2)
the outer setting (eg, external regulations, laws, and patient
needs), (3) the inner setting (eg, the direct implementation
environment, social factors, networks, and communication), (4)
the individual health professionals, and (5) the implementation
process [11]. These domains were first outlined in the
Consolidated Framework for Implementation Research (CFIR),

a well-proven tool to evaluate the implementation of an
intervention into health care settings [12,13,26-29]. Targeting
the improvement of implementation performance, the Expert
Recommendations for Implementing Change (ERIC) provide
a comprehensive compilation of strategies to boost
implementation in clinical practice [30,31]. The CFIR domains
and ERIC strategies are coherent and synergistic and provide
meaningful guidance for implementation researchers and
practitioners; however, they require more use cases and
documentation of applications in a specific context and setting.
In addition, the present literature on implementation strategies
for digital health technologies in health care settings and
particularly the ICU is extensive and unstructured, and the
strategies reported are often poorly conceived [20,32,33].

It is unclear whether the aforementioned barriers and facilitators
to digital health implementation can be transferred into the ICU
context, given that it is a very specific setting: multiple
professional groups work together, many different technologies
are already in place, and staff stress levels are also high because
of critically ill patients requiring acute treatment, high alarm
frequency, and staffing and capacity constraints [34-36].
Concrete implementation strategies for digital health
technologies in intensive care settings are still lacking.

Objectives
This study aims to (1) investigate barriers and facilitators to the
implementation of a remote patient monitoring technology and
(2) develop a proposal for an implementation framework for
digital health technology in the ICU.

Methods
Overview
To assess the barriers and facilitators to implementing a remote
patient monitoring system, we explored stakeholder perspectives
using an abductive qualitative approach. This research design,
combining inductive and deductive elements, included
semistructured interviews with ICU leaders and key stakeholders
in the implementation process, as well as field observations and
regular feedback discussions within the research team. To
develop the presented implementation framework for digital
health technology in the ICU, we conducted a deductive analysis
by matching the collected data to the CFIR and ERIC domains.
Using the CFIR-ERIC mapping tool, we filtered out relevant
strategies to improve implementation performance. In a final
step, the strategies were ordered in a temporal sequence and
visualized in a figure [37]. The Standards for Reporting
Qualitative Research were consulted to report this research [38].
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Ethics Approval and Consent to Participate
The ethical approval for this study was granted by the Ethics
Commission of the Charité–Universitätsmedizin Berlin
(EA1/031/18). Participation in the survey was voluntary. Before
the study, all participants provided their consent.

Context and Technical Setup
We conducted this study with ICU staff from a German
university hospital over the course of the implementation of the
Virtual Patient Monitoring Platform Vital Sync (version 2.4;
Medtronic plc). The device remotely monitored ICU patients
from portable tablet computers at the hospital premises and was
supplemental to the primary patient monitoring system, the
IntelliVue patient monitoring system (MX800 software version
M.00.03; MMS X2 software version H.15.41-M.00.04;
Koninklijke Philips N.V.). The primary Philips IntelliVue
monitoring system displayed the vital parameters on stationary
touchscreen displays at the bedside and on a monitor at the
central nurse station. COPRA (version 6; COPRA System
GmbH) was used as the patient data management system
(PDMS); however, no data transmission from the Vital Sync
system to the primary monitoring system or PDMS occurred.

The remote monitoring system was installed between May 2018
and June 2019 in 50% (5/10) of the beds of the postanesthesia
care unit, an ICU mainly for postoperative patients that need
short-term intensive care treatment and monitoring. The system
included 2 sensors (the pulse oximetry and the capnography)
that registered peripheral capillary oxygen saturation, pulse rate,
end-tidal carbon dioxide level, and respiratory rate at a
frequency of 1 Hz. The vital parameters were displayed on a
monitor at the central nurse station and were retrievable from
6 tablet computers (2 large 10.2“ iPad tablets [9th generation;
Apple Inc], 2 iPad mini 4 tablets [Model A1550; Apple Inc],
and 2 Surface Pro 4 laptops [Microsoft Corporation]). A 6-digit

code protected the iPad access, and the data were accessible
after logging into the Vital Sync website. A username and a
password protected the access to the Microsoft Surfaces.
Technical instructions of ICU staff (ie, physicians, nurses, and
respiratory therapists) into the device were conducted over a
period of 1 month. In addition, 2 workshops were conducted
for hands-on training. Additional assistance was provided as
needed. Further technical description and use of the software
can be found elsewhere [39,40].

Study Design and Research Team
This qualitative exploratory implementation study is based on
an abductive research approach, as described by Dubois and
Gadde [41] and Zainal [42]. The abductive approach of
systematic combining (containing inductive and deductive
analysis methods) specifies existing theories, refining them
according to the individual case and context. We considered
this approach essential to derive practical recommendations for
the implementation of new technology in the ICU. The
transcripts of 7 semistructured interviews and web-based
questionnaires with key stakeholders in the clinical
implementation process, the results of field observations and
informal discussions among the research group, and findings
from previous explorations in the context of the implementation
were analyzed and applied to the CFIR domains and ERIC
strategies to develop the proposed implementation framework
(Figure 1) [43].

The research team consisted of an MD candidate (LKM); a
postdoctoral researcher with a background in anesthesiology,
intensive care medicine, digital health, and geriatrics (ASP); a
professor for digital health, who is a consultant anesthesiologist
and a computer scientist (FB); a psychologist (HK); a head
nurse (MS); an ICU senior consultant (SWC); and the
department’s head of staff (CS).
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Figure 1. Overview of the data collection and analysis for the derivation of the proposed implementation framework for digital health technology in
the ICU. CFIR: Consolidated Framework for Implementation Research; ERIC: Expert Recommendations for Implementing Change; ICU: intensive
care unit.

Data Collection
Our data included interview transcripts and quantifiable results
of a questionnaire with key stakeholders in the ICU, informal
meetings and discussions among the research group, field
observations, and the results of previous explorations [39,43].
The outer setting and manufacturer’s perspective were not part
of this study because we could not evaluate these domains with
the data given.

From June to November 2019, we conducted 7 semistructured
interviews with ICU staff members, including 3 physicians, 3
nurses, and 1 respiratory therapist. We used purposive sampling
with the aim of including all stakeholders who were closely
involved in the implementation process and in leading positions
in the ICU and presenting all professional groups. The identified
study participants were key stakeholders (eg, head nurse, senior
physician, and staff member with high working time in
respective ICU) of the ICU and had closely experienced remote
patient monitoring implementation, overseeing the

implementation process, receiving feedback regarding the
system from other staff members, and using the system in their
own clinical practice.

The interview guideline was deduced on the findings of a
previous study from our research group [43] and was oriented
toward the categories of the CFIR (Multimedia Appendix 1
[44]). Pilot interviews with associated intensive care physicians
did not alter the questions. The interviews were performed either
before or after patient care and were recorded and transcribed
verbatim.

The semistructured interview guideline included web-based
questionnaires containing 47 items and a technology
commitment scale [44]. We conducted face-to-face pilot testing
with ICU staff with a focus on clarity, relevance, and order of
the items. We used a 5-point Likert-type scale as an ordinal
response format, with the options not correct at all, not quite
correct, partly correct, quite correct, and completely correct.
The study data were collected and managed using Research
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Electronic Data Capture (REDCap) tools hosted at
Charité–Universitätsmedizin Berlin [45,46]. Data resulting from
the questionnaire responses were collected in an overview table.

To gain auditability and enhance reflexivity in the research
process, informal meetings and discussions among the research
group and field observations occurred from the start of the
implementation in May 2018 until March 2020. These methods
helped gain a more objective perspective and minimize potential
biases that naturally arise when using a qualitative research
approach, as described by Noble and Smith [47]. Results of the
field research were published by Poncette et al [39].

Data Analysis
For qualitative analysis, we applied a hybrid approach
combining inductive and deductive coding elements, as
described by Fereday and Muir-Cochrane [48].

First, the interview transcripts were analyzed using a thematic
analysis approach, applying an inductive coding process,
meaning that themes and codes were iteratively developed and
applied to all transcripts [49]. The resulting content of the codes
was summarized to obtain the main findings and serve as the
basis for the deductive analysis, as described by Crabtree and
Miller [50].

Second, for deductive analysis, we used as code system
templates the CFIR domains and ERIC strategies, which were
grouped into 9 clusters [30,31]. Summaries from the inductive
analysis and the findings of the questionnaires were coded
according to templates (Multimedia Appendices 2 and 3). That
is, data from the web-based questionnaires were not analyzed
with quantitative methods. Specifically, the CFIR template was
used to analyze the summaries regarding implementation
performance, whereas the ERIC strategies served as a template
for analyzing the summaries of staff’s suggestions on
implementation process improvements. All coding was
performed using the MaxQDA 2020 qualitative data analysis
software [51].

Finally, the proposal for an implementing framework for digital
health technology in the ICU was derived from the results of
the CFIR- and ERIC-guided analyses. The CFIR-ERIC
Implementation Strategy Matching Tool supported the
prioritization of the derived recommendations [52]. Findings
from the informal meetings, discussions, and field observations
supported in situating the results and the interview suggestions
in the context of implementation and in supplementing objective
characteristics. We ordered the findings into a temporal
perspective.

Results
Overview
Inductive analysis of the interview transcripts revealed the two
major categories perceived performance of the implementation
and perceived factors improving implementation, which
contained 4 and 3 subtopics, respectively. According to the
interviewed stakeholders, the remote patient monitoring system’s
implementation was insufficient owing to a lack of staff
engagement in the process and little perceived benefit from the

novel solution in its current version. Factors suggested
improving implementation were targeting staff training, features
of the technology itself, and implementation setting.

Deductive coding revealed four major CFIR domains:
intervention characteristics, inner setting, individual
characteristics, and process. Regarding perceived factors
improving implementation, seven clusters of the ERIC
framework were mapped: use evaluative and iterative strategies,
provide interactive assistance, adapt and tailor to context,
develop stakeholder interrelationships, train and educate
stakeholders, support clinicians, and change infrastructure.

Implementation Process

Staff Involvement and Training
The interviewees identified staff involvement and training as
being more targeted toward nursing staff, although they were
not in charge of the implementation project. According to the
interviewed stakeholders, staff members of all professional
groups lacked a feeling of responsibility to continuously apply
the remote patient monitoring system. In addition, the staff was
unable to identify a leading member in charge of the
implementation process and longed for more regular staff
training and information sessions. Interviewees reported that
opinion leaders’communication created a negative peer pressure
not to use the system.

Interviewees said that they felt well informed about the project
initially; however, the information flow decreased equally.
Training did not reach all staff members because of a complex
shift system and a big pool of staff for 2 ICUs, whereas the
system was implemented only at 50% (5/10) of bedsides on 1
ICU. Staff perceived the system as an imposition from outside
the ICU and felt that it did not have any influence on the
implementation.

Additional Benefit
Staff did not perceive the system’s added value as high for four
reasons: First, the ICU already had a monitoring system offering
remote functions (eg, displaying vital parameters of different
patients on all bedside monitors), although it did not offer a
portable monitoring device. However, according to interviewees,
this made an additional system superfluous. Second, the high
staff presence in the ICU decreased the need to remotely monitor
patients. Third, high patient turnover in the ICU was associated
with frequent connecting and disconnecting of patients to and
from the system, resulting in an increased workload for nurses.
Fourth, remotely monitoring patients while being on a different
ward or performing a clinical intervention would make a
necessary immediate reaction to an alarm impossible.

Intervention Features
Interviewees highlighted that the limited number of vital
parameters monitored by the system was not sufficient to
satisfactorily evaluate the patient’s condition. Furthermore, the
system’s dependency on a stable wireless network connection
raised concerns. Interviewees perceived the tablet as too large
and inconvenient to use and carry in the tunic pockets. Finally,
the device would not allow patients’ monitoring during their
transportation.

JMIR Form Res 2022 | vol. 6 | iss. 4 | e22866 | p. 5https://formative.jmir.org/2022/4/e22866
(page number not for citation purposes)

Mosch et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

72

http://www.w3.org/Style/XSL
http://www.renderx.com/


Attitude of Staff
Interviewees said that they were satisfied with the current
monitoring system and did not see the need for a change. ICU
staff did not use the system because they lacked the habit and
routine of using a remote patient monitoring technology. They
were afraid of losing break times when applying the system and

of an increased workload (eg, system setup). They feared that
reduced patient contact and false alarms might increase stress
levels and endanger patient safety. Overall, the staff saw no
additional benefit in the technology. Figure 2 presents an
overview of the factors influencing the implementation process
from the perspective of interviewed staff members.

Figure 2. Implementation performance: 4 major categories were identified (inner ring), divided into themes (middle ring), and further specified (outer
ring). ICU: intensive care unit.

Mapping of CFIR Domains
The summaries of the staff interview transcripts and descriptive
data from the questionnaire responses were coded and assigned

to four major domains of the CFIR: intervention characteristics,
inner setting, individual characteristics, and process (Textbox
1 and Multimedia Appendix 2 [44]).
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Textbox 1. Mapped Consolidated Framework for Implementation Research domains and subdomains.

Intervention characteristics

• Intervention source

• Evidence strength and quality

• Relative advantage

• Adaptability

• Trialability

• Complexity

Inner setting

• Structural characteristics

• Networks and communication

• Implementation climate: tension for change, compatibility, relative priority, and learning climate

• Implementation readiness: leadership engagement and access to information

Individual characteristics

• Knowledge and beliefs about the intervention

• Self-efficacy

• Individual stage of change

Process

• Planning

• Engaging: opinion leaders and formally appointed implementation leaders

• Executing

Strategies to Improve Implementation

Staff Engagement and Communication
According to the interviewed stakeholders, persistent leadership
engagement and nomination of specific responsible persons for
the implementation process were essential, especially in a busy
environment such as the ICU. Staff training should be conducted
continuously and was particularly critical in the early
implementation stages. The quality of instructions was
considered essential to influence the staff’s opinion toward the
implementation. Feedback discussions with staff, project leaders,
and a well-functioning team would increase staff engagement.
Communication of the project should be encouraging and
motivating.

Setting
It was reported that equipping all beds in the ward with the
technology and all staff members with portable monitoring
devices would increase the implementation performance. A
normal or intermediate care unit (IMCU) could be more suitable

for a remote patient monitoring technology owing to a lower
staff presence and scarcer technical facilities. Interviewees
suggested that patients with a relatively weak indication for
admission to the ICU could be admitted to a normal ward or
IMCU and be monitored remotely. The implementation of
technology concerning ICU patients would be more
straightforward in a ward with more extended patient stays, as
short stays imply more work to install the system.

Intervention Features
High intuitiveness would be crucial for effective
implementation, as stated by the interviewees. A monitoring
solution without cables would increase usability and perceived
benefit. Opinions on the device size varied; a clear visualization
needs a large screen, but interviewees favored a device that fits
into the pocket of a tunic. Software interoperability with other
devices (eg, the respirator or the PDMS) would be essential.
Figure 3 presents an overview of the strategies to improve the
implementation of digital health technologies according to the
interviewed staff members.
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Figure 3. Perceived factors improving implementation: 3 categories were identified (inner ring), divided into subcategories (middle ring), and enriched
with concrete suggestions (outer ring). ICU: intensive care unit; IMCU: intermediate care unit.

Mapping of ERIC Strategies
Of the 73 ERIC strategies, 19 (26%) were mapped to the
summary segments concerning staff suggestions for

implementation and quantifiable questionnaire responses
(Textbox 2 and Multimedia Appendix 3). The segments were
assigned to 78% (7/9) of the clusters of the ERIC framework.
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Textbox 2. Mapped Expert Recommendations for Implementing Change clusters and strategies.

Use evaluative and iterative strategies

• Purposely re-examine the implementation

• Develop a formal implementation blueprint

• Audit and provide feedback

Provide interactive assistance

• Facilitation

• Provide clinical supervision

Adapt and tailor to context

• Promote adaptability

Develop stakeholder interrelationships

• Identify and prepare champions

• Organize clinician implementation team meetings

• Recruit, designate, and train for leadership

• Inform local opinion leaders

• Model and simulate change

• Involve executive boards

Train and educate stakeholders

• Conduct ongoing training

• Make training dynamic

• Use train-the-trainer strategies

• Conduct educational meetings

Support clinicians

• Facilitate relay of clinical data to providers

• Remind clinicians

Change infrastructure

• Change physical structure and equipment

• Change service sites

Proposal for an Implementation Framework for Digital
Health Technology in the ICU
The developed implementation framework includes 11
recommendations derived from ERIC strategies belonging to 4
clusters of the ERIC framework. A temporal perspective was
added, and recommendations were specified to the ICU
environment (Figure 4). Our recommendations are targeted
toward hospital administrations, leading clinicians in the ICU,
and implementation researchers—individuals responsible for
the implementation process of new digital health technology in
the ICU. Before implementation, 7 strategies, such as conduct
local needs assessment, visit other sites, or promote adaptability,
should be completed. During the implementation process, we
recommend applying the ERIC strategies facilitation and audit
and provide feedback continuously. The strategies promote

network weaving and use an implementation advisor should
optimize the implementation setting’s context. Optimally, an
implementation unit with experts for the local implementation
characteristics should be established. Several factors influence
the choice of the time to start the implementation process, and
an implementation advisor should be consulted to adapt these
factors to the context and local needs. Regular feedback by ICU
staff regarding the implementation process, illustrated in Figure
4, through the feedback loop can lead to a further need for
innovation and ideas to implement digital health technologies.
The implementation is a circular process; therefore, we did not
include an after implementation phase. Continuous re-evaluation
triggers a new entry into the implementation strategy and thus
leads to a sustainable implementation environment that is always
adapted to new needs.
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Figure 4. Strategies resulting from the CFIR-ERIC Implementation Strategy Matching Tool and the mapping of staff suggestions for improving
implementation to the ERIC strategies before (orange) and during (green) implementation and in the general context of the implementation (yellow).
CFIR: Consolidated Framework for Implementation Research; ERIC: Expert Recommendations for Implementing Change; ICU: intensive care unit;
SWOT: strengths, weaknesses, opportunities, and threats [52].

Discussion
Principal Findings
Taking the example of a remote patient monitoring system, this
study confirmed critical barriers to the implementation of new
digital health technologies in the intensive care setting
[11,13,53]. The proposed implementation framework for digital
health technology in the ICU includes practical strategies to
overcome these barriers while using facilitators from the ERIC
clusters that can be applied before and during implementation
and in the general context of an implementation.

Before implementation and in the general context, sharing use
cases and building upon existing best practices are crucial

strategies to adapt and choose the technology that best fits the
local settings (ie, visit other sites, promote network weaving,
and use an implementation advisor) [13,21]. Initiators of an
implementation project should lay out its details, aim, and
context before implementation (develop a formal implementation
blueprint). Transferable discoveries from these strategies and
the strategies we propose to be applied before implementation
(promote adaptability, conduct local needs assessment, assess
for readiness, and identify barriers and facilitators) could be
used to improve the adaptability and needs orientation of the
intervention. Adaptability and user-centered design have been
identified as key facilitators of digital health implementation in
other settings [11,53,54]. To create the respective conditions,
developers and providers of digital health technologies should
actively participate in the implementation processes by taking
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advantage of the valuable feedback from clinical stakeholders
and adapting their products in the spirit of user-centered design
[55-57]. Therefore, our proposed implementation framework
suggests several strategies to enhance the involvement of clinical
stakeholders directly (organize clinician implementation team
meetings, inform local opinion leaders, and identify and prepare
champions), in line with the proposed strategies for other
implementation settings [58,59].

During implementation, ensuring a transparent communication
of the project’s aim and context (audit and provide feedback)
is as critical as an effective facilitation to improve staff
involvement and to promote and sustain implementation.

Sustainable implementation practice means to include the
aforementioned aims and strategies in the general context of
implementation practice. We propose the strategies use an
implementation advisor and establish an implementation unit
to improve the implementation environment and the local
conditions for a fast, efficient, and sustainable implementation
of technology that focuses on the needs of users and patients
and adds value. These processes should always be re-evaluated
to readapt interventions following the changing needs
[58,60,61].

Implementing Technology in the ICU
For decades, the ICU has been equipped with high technology
to support staff with continuous monitoring of patients’ vital
signs, application of medication, documentation (eg, PDMS),
or diagnostics (eg, ultrasound and bronchoscopy). However,
the implementation of innovative technology in a demanding
and hectic environment such as the ICU is a challenge [62].
This has been prominently shown by various projects, more
recently, through the rise of telemedicine in the ICU [63],
necessitating frameworks for the implementation of such
endeavors.

Reported digital health implementation efforts in the ICU rarely
involved the use of developed implementation frameworks [64].
This could be due to a lack of both implementation expert
consultation and framework transferability into clinical routine.
Current frameworks for the design and implementation of digital
health technologies are based on best practices and, if
evidence-based, need to be validated [30,65]. Our study provides
an explicit approach to target implementation challenges and
optimize innovation flows and adaptability in the complex
environment of an ICU. Further optimization by saturating
theories with practical experiences from clinical translation is
crucial for the development of a scalable and agile framework
for the implementation of digital health technology in the ICU.

Internet of Things, Interoperability, and Data Security
Especially in ICU settings, where various technical devices
continuously generate data, the amount of data that can be
analyzed and processed is growing rapidly [66-68]. With
growing amounts of data to analyze and process, the adoption
of the Internet of Things (IoT) in health care is a promising
approach to alleviating issues such as high staff stress levels,
alarm fatigue, and even medical errors [69,70]. ICUs, in
particular, use many different end devices that could be

integrated into a fog-, edge-, or cloud-based IoT network for
fast and efficient data processing [71,72].

To enhance the capacities of cloud systems, interoperability has
become increasingly important, especially in relation to IoT
infrastructures [73,74]. Holistically implemented, interoperable
technologies could alleviate the burden on staff by reducing
documentation time, and easier data retrieval can facilitate
therapy and diagnosis [75]. The lack of interoperability of the
remote patient monitoring system may have presented a barrier
to its implementation. Consistent with findings from other
research [55,76], our results show that health care staff support
the implementation of interoperable, intelligent monitoring
interfaces.

When harnessing the potential of interoperable IoT networks
and implementing them in health care settings, a secure and
reliable IT infrastructure is required [77,78]. Cybersecurity in
health care organizations should be fostered through the
definition of cybersecurity duties, sufficient funding, and the
application of state-of-the-art measures to reduce the risk of
cyberattacks [79,80]. For instance, blockchain technology
combined with IoT-enabled smart devices using interoperable
fog/edge and cloud computing networks can enable secure,
instantaneous data transmission and processing while reducing
costs and network delays [70,71].

Implementation Units
With aforementioned promised benefits, health care providers
will experience the need to implement new digital health
technology into their infrastructures in the decades to come
[63,81-83]. They have to be abreast of the latest digital health
technologies to select the appropriate technology for the specific
area of application and to plan and execute the implementation
process, requiring an effective and efficient approach to
implementation.

The question arises as to which staff position is responsible for
overseeing, evaluating, and adapting recent evidence and
strategies in implementation science to the local context. As
suggested, internal and external implementation experts should
be involved as early as possible [30]. With the introduction of
a unit for implementation as a central starting point for any
implementation project, resources for redundant project planning
or ineffective implementation could be spared and invested
elsewhere. The extent to which these units will be involved in
the ICU design, for example, should be assessed individually.
Beyond the consultation and proposal regarding innovations,
such a unit could assess the usability of devices and the
adaptability of the intervention before procurement [84] or foster
exnovation and deimplementation of outdated or useless
technology.

Implementation Frameworks
Implementation science is a young discipline that has developed
over the last 2 to 3 decades [85]. Nonetheless, numerous
implementation frameworks, either for specific health care
settings or for general guidelines, have been published during
this period [26,64,86-88]. Other implementation frameworks
and strategies for health care are nonspecific in terms of either
the intervention targeted [26,64], as they refer to evidence-based
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practices [89], or technology [90-92]. Looking at intensive care
medicine, implementation frameworks are widely limited to the
implementation of evidence-based practices [93,94]. Explicit
guidelines for the implementation of novel digital health
technologies in the special ICU environments are lacking.

The implementation framework at hand was developed through
an interdisciplinary approach, is specific to the ICU setting, and
considers relevant particularities in terms of digital health
technology implementation.

Limitations
The research team was only able to obtain a limited view of the
entire implementation project. The decision to implement the
system was made before the study began, which prevented
conducting front-end exploration of the implementation setting
or evaluation of the external setting and vendor perspective. It
was not possible to pursue a user-centered design and
implementation in this specific context. However, our study
provides valuable insights into the process of implementing
digital health technology in the ICU and highlights important
application strategies while planning an implementation project.
In particular, we identified explicit pitfalls for implementation
processes in the specific clinical environment of an ICU and
solutions to overcome them.

The interpretation of the results should consider that the
CFIR-ERIC mapping tool needs further validation and evidence.
Thus, the mapping of strategies to the major barriers might not
reflect the best strategy to tackle the respective barrier. We
sought to overcome this limitation through profound discussions
at meetings within the research team, extensive field research,
and analysis of suggestions from staff to improve the
implementation performance.

A limitation to the study’s scope is that the ERIC strategies do
not include changes in intervention characteristics, which would
be essential when aiming to improve implementation
performance in a user-centered design. ERIC only covers the
last stages of implementation (planning and executing the
implementation of the finalized intervention) but does not
include the readaptation of the intervention as part of the
development process.

Finally, the fact that every ICU has unique structural and
sociotechnical features, as well as the number of interviewees,

could limit the general validity of derived findings. As we
investigated an explicit use case in an ICU, potential
interviewees were limited because we identified and interviewed
the key stakeholders throughout the study. This study depicts
an implementation project in intensive care medicine that is
close to the standard practice in Germany, where implementation
science is still an evolving discipline. However, it is specific to
the setting in which it was conducted (ICU, country, and health
system), and translation of our findings to other contexts is
limited and should be done with these specificities in mind. In
terms of continuous reassessment, our proposed framework
may need further validation and evaluation in ICU or IMCU
settings to fully realize its potential for optimization of
implementing digital technologies.

Conclusions
We propose an implementation framework for digital technology
in the ICU, which entails practical and evidence-based strategies
to improve the implementation process. The ICU provides an
exceptional setting for the introduction of digital health
technology: the stress level of staff is high, and the ICU team
is composed of multiple different professions using the same
technologies.

The proposed framework outlines strategies to be applied before
and during implementation and in the general context of
implementation. Before implementation, the need for innovation
and potential interventions should be carefully assessed by
involving all clinical stakeholders with clear implementation
leadership. Interventions should be needs-oriented,
user-centered, and adaptable to changing circumstances. During
implementation, a clinical implementation team should ensure
transparent, inclusive, and motivating staff communication
regarding the project and continuous feedback through local
opinion leaders and champions. To ensure efficient management
of resources and time, we recommend optimizing the general
context of implementation practice in the ICU and the health
care institution by involving an implementation advisor, ideally
in consultation with an implementation unit of the same
institution. Our proposed framework should encourage health
care institutions to implement modern digital technology in
ICUs and facilitate clinicians and implementation advisors in
the practical execution of implementation projects in ICU
settings.
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�� 'LVNXVVLRQ

,Q GLHVHU +DELOLWDWLRQVVFKULIW ZXUGH GDV DNWXHOOH 3DWLHQWHQPRQLWRULQJV\VWHP DXI GHU ,76 DXI

SRWHQWLHOO VLFKHUKHLWVUHOHYDQWH $VSHNWH XQWHUVXFKW XQG 0D�QDKPHQ ]XU 6WHLJHUXQJ GHU

3DWLHQWHQVLFKHUKHLW HQWZLFNHOW� 'XUFK HLQHQ LQGXNWLYHQ QXW]HU]HQWULHUWHQ $QVDW] ZXUGHQ LQ

2ULJLQDODUEHLW � GLYHUVH 0D�QDKPHQ LGHQWLIL]LHUW� GLH GLH 3DWLHQWHQVLFKHUKHLW HUK|KHQ

N|QQHQ� )ROJHQGH 0D�QDKPHQ ZXUGHQ DQVFKOLH�HQG LQ GHU 2ULJLQDODUEHLW � GXUFK HLQH

TXDQWLWDWLYH�%HIUDJXQJ�GHV�,76�3HUVRQDOV�YDOLGLHUW�

� 5HGXNWLRQ�GHU�IDOVFK�SRVLWLYHQ�$ODUPH�

� ,PSOHPHQWLHUXQJ�HLQHV�NUDQNHQKDXVZHLWHQ�$ODUPPDQDJHPHQW�6WDQGDUGV�

� (LQI�KUXQJ�YRQ�NDEHOORVHQ�6HQVRUHQ�

� (LQI�KUXQJ YRQ .,�DXJPHQWLHUWHQ NOLQLVFKHQ (QWVFKHLGXQJVV\VWHPHQ PLW HLQHU KRKHQ

%HQXW]HUIUHXQGOLFKNHLW�XQG�,QWHURSHUDELOLWlW�VRZLH

� (UK|KXQJ�GHU�GLJLWDOHQ�.RPSHWHQ]�GHV�3HUVRQDOV�

=XU 9HUEHVVHUXQJ GHU $ODUPVLWXDWLRQ ZXUGH LQ 2UJLQDODUEHLW � HLQ GDWHQJHVW�W]WHU $QVDW]

GHV $ODUPPDQDJHPHQWV YRUJHVWHOOW� ZRPLW GLH $ODUPODVW DXI HLQHU ,76 JH]LHOW UHGX]LHUW XQG

GHU (LQIOXVV YRQ ,QWHUYHQWLRQHQ JHPHVVHQ ZHUGHQ NDQQ� (LQH )ROJHVWXGLH ZXUGH N�U]OLFK

JHVWDUWHW� XP GLHVH (UNHQQWQLVVH LQ GLH NOLQLVFKH 5RXWLQH XP]XVHW]HQ� ,Q %H]XJ DXI GLH

%HQXW]HUIUHXQGOLFKNHLW YRQ 6\VWHPHQ ZXUGH LQ 2ULJLQDODUEHLW � JH]HLJW� ZLH GXUFK GLH

SDUWL]LSDWLYH (LQEH]LHKXQJ GHV ,76�3HUVRQDOV PLWWHOV 7KLQN�$ORXG�3URWRNROOHQ GLH

%HQXW]HUIUHXQGOLFKNHLW HLQHU 6RIWZDUHREHUIOlFKH HLQHV 3DWLHQWHQIHUQ�EHUZDFKXQJVV\VWHPV

YHUEHVVHUW ZHUGHQ NDQQ� 'LHV VROOWH DXFK EHL GHU ,PSOHPHQWLHUXQJ ]XN�QIWLJHU 7HFKQRORJLHQ

YRQ JUR�HU 5HOHYDQ] VHLQ XQG VWDQGDUGPl�LJ YRQ HLQHU ]HQWUDOHQ 6WHOOH LQQHUKDOE GHV

.UDQNHQKDXVEHWULHEV �EHUQRPPHQ ZHUGHQ� ,Q GHU 2ULJLQDODUEHLW � ZXUGH VFKOLH�OLFK HLQ

/HLWIDGHQ HQWZLFNHOW� GHU HV HUP|JOLFKHQ VROO� QHXDUWLJH 7HFKQRORJLHQ HUIROJUHLFKHU XQG

QDFKKDOWLJHU LQ GLH ,QWHQVLYPHGL]LQ ]X LPSOHPHQWLHUHQ� +LHUEHL OLHJW GHU )RNXV DXI GHU

SDUWL]LSDWLYHQ *HVWDOWXQJ GHU ,PSOHPHQWLHUXQJ GHU QHXHQ 7HFKQRORJLH LQ GLH

.UDQNHQKDXVURXWLQH� ZHOFKH YRQ HLQHU GH]LGLHUWHQ NOLQLVFKHQ (LQKHLW JHVWHXHUW ZHUGHQ

VROOWH�

���� 'DV $ODUPPDQDJHPHQW HUIRUGHUW QHXH 3UR]HVVH XQG

6WDQGDUGLVLHUXQJHQ

,Q GHU ,QWHQVLYPHGL]LQ KDW GLH NRQWLQXLHUOLFKH hEHUZDFKXQJ GHU 9LWDOSDUDPHWHU YRQ

3DWLHQW�LQQHQ GLH 3DWLHQWHQVLFKHUKHLW VLJQLILNDQW HUK|KW� LQGHP VLH GDV 3HUVRQDO YLVXHOO XQG
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DXGLWLY DODUPLHUW� ZHQQ HLQ 3DUDPHWHU GHQ YRUHLQJHVWHOOWHQ *UHQ]EHUHLFK �EHU� RGHU

XQWHUVFKUHLWHW� 'RFK GLH JUR�H $Q]DKO YRQ $ODUPHQ �EHUIRUGHUW UHJHOPl�LJ GDV 3HUVRQDO

XQG NDQQ ]X HLQHU $ODUPP�GLJNHLW I�KUHQ� HLQ =XVWDQG� GHU DXFK LQ =XNXQIW GXUFK GLH

(LQI�KUXQJ ZHLWHUHU QHXDUWLJHU �0RQLWRULQJ��7HFKQRORJLHQ LQ GLH .UDQNHQYHUVRUJXQJ

HVNDOLHUHQ XQG SRWHQWLHOO 3DWLHQW�LQQHQ JHIlKUGHQ NDQQ >��@� ,Q GHQ 2ULJLQDODUEHLWHQ � XQG �

EHWRQWH GDV 3HUVRQDO� GDVV GLH $Q]DKO IDOVFK SRVLWLYHU $ODUPH GULQJHQG UHGX]LHUW ZHUGHQ

VROOWH�

%HPHUNHQVZHUWHUZHLVH ZXUGH EHUHLWV LQ GHQ ����HU -DKUHQ GDV 3UREOHP GHU IDOVFK

SRVLWLYHQ $ODUPH DGUHVVLHUW� ZHOFKH KHXWH PLW �� ELV ��� GHQ +DXSWWHLO GHU $ODUPODVW DXI

GHU ,76 DXVPDFKHQ >�����@� 'LH *U�QGH I�U GLHVHQ KRKHQ $QWHLO IDOVFK SRVLWLYHU $ODUPH VLQG

PXOWLIDNWRULHOO� $XV WHFKQRORJLVFKHU 6LFKW ZDUHQ LQ GHQ ��HU -DKUHQ VRZRKO GLH 6HQVRUHQ DOV

DXFK GLH 6RIWZDUH GHP KHXWLJHQ 6WDQG GHXWOLFK XQWHUOHJHQ� VRGDVV )HKOPHVVXQJHQ KlXILJHU

]X IDOVFK SRVLWLYHQ $ODUPHQ I�KUWHQ� $XFK KHXWH QRFK VLQG IDOVFK SRVLWLYH $ODUPH� GLH NHLQH

NOLQLVFKH ,QWHUYHQWLRQ EHQ|WLJHQ� DXI H[RJHQH ,QWHUIHUHQ]HQ �]��%� %HZHJXQJV��

/LFKWDUWHIDNWH�� .RQWDNWVW|UXQJ �]��%� LQVXIIL]LHQWH (.*�.OHEHHOHNWURGHQ� XQG PHQVFKOLFKH

)DNWRUHQ �]��%� ]X HQJH $ODUPJUHQ]HQ� ]XU�FN]XI�KUHQ� 9LHO EHGHXWHQGHU N|QQWH MHGRFK GHU

)DNW VHLQ� GDVV 3DWLHQWHQPRQLWRULQJJHUlWH DXV UHJXODWRULVFKHU XQG UHFKWOLFKHU 6LFKW

VWDQGDUGPl�LJ VR DXVJHOHJW VLQG� GDVV VLH ]ZDU HLQH KRKH 6HQVLWLYLWlW� MHGRFK HLQH QLHGULJH

6SH]LILWlW DXIZHLVHQ� 'HQQ HLQ +HUVWHOOHU NDQQ DNWXHOO ]ZDU GDI�U KDIWEDU JHPDFKW ZHUGHQ�

ZHQQ QDFKZHLVOLFK NULWLVFKH 3DWLHQWHQ]XVWlQGH GXUFK GDV 0RQLWRULQJJHUlW QLFKW JHPHOGHW

ZHUGHQ� MHGRFK QLFKW I�U GLH 3UREOHPH� GLH GXUFK ]X YLHOH IDOVFK SRVLWLYH $ODUPH HQWVWHKHQ

>�����@� (V N|QQWH DOVR VHLWHQV GHU +HUVWHOOHU GHU LQWULQVLVFKH $QUHL] IHKOHQ� $ODUPV\VWHPH LQ

%H]XJ DXI IDOVFK SRVLWLYH $ODUPH ]X RSWLPLHUHQ� ZlKUHQG JOHLFK]HLWLJ GHU $XVWDXVFK

]ZLVFKHQ +HUVWHOOHUQ� 1XW]HU�LQQHQ XQG :LVVHQVFKDIWOHU�LQQHQ XQ]XUHLFKHQG LVW� 1LFKW ]XOHW]W

LVW HLQH ZHLWHUH 8UVDFKH GLH IHKOHQGH 0|JOLFKNHLW� GLH $ODUPODVW DXI GHU ,76 ]X �EHUZDFKHQ�

XP�GDUDXI�EDVLHUHQG�QHXH�$ODUPPDQDJHPHQW�3UR]HVVH�]X�HWDEOLHUHQ�

,Q *UDILN � ZLUG GLH ,QWHUDNWLRQ ]ZLVFKHQ $ODUPHQ PHGL]LQLVFKHU *HUlWH XQG 3DWLHQW�LQQHQ

VRZLH SRWHQ]LHOOH *HJHQPD�QDKPHQ YLVXDOLVLHUW �VLHKH *UDILN ��� 'DV GDWHQJHVW�W]WH

$ODUPPDQDJHPHQW EDVLHUW DXI GHU 7DWVDFKH� GDVV 9HUEHVVHUXQJ QXU PLW GHU hEHUZDFKXQJ

XQG HLQHP %HQFKPDUNLQJ P|JOLFK VLQG� 6RIHUQ GLH DNWXHOOH $ODUPODVW XQEHNDQQW LVW� NDQQ

NHLQH 9HUEHVVHUXQJ VLQQYROO XPJHVHW]W E]Z� JHPHVVHQ ZHUGHQ� ,Q GHU 2ULJLQDODUEHLW �

NRQQWH HUVWPDOV I�U HLQH GHXWVFKH ,76 GLH $ODUPODVW LQNOXVLYH GHU 'DWHQJUXQGODJH

YHU|IIHQWOLFKW ZHUGHQ� =XU 0HVVXQJ GHU $ODUPODVW NRPPHQ GLYHUVH $ODUPPHWULNHQ ]XU

$QZHQGXQJ� ZREHL LQWHUQDWLRQDO DNWXHOO QRFK NHLQ .RQVHQV EHVWHKW� ZHOFKH 0HWULN GLH

$ODUPODVW DP EHVWHQ ZLGHUVSLHJHOW >��@� ,Q XQVHUHU 6WXGLH NDPHQ IROJHQGH 0HWULNHQ ]XU
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4XDQWLIL]LHUXQJ GHU $ODUPODVW ]XU $QZHQGXQJ� $ODUPH SUR %HWW XQG 7DJ� +lXILJNHLW HLQ]HOQHU

$ODUPH� $ODUPH SUR *HUlW� $ODUPH QDFK .ULWLNDOLWlW �URW� JHOE XQG EODX� G��K� $ODUP PLW KRKHU

.ULWLNDOLWlW� $ODUP PLW PLWWOHUHU .ULWLNDOLWlW� WHFKQLVFKHU $ODUP PLW QLHGULJHU .ULWLNDOLWlW��

GXUFKVFKQLWWOLFKH ]HLWOLFKH 9HUWHLOXQJ GHU $ODUPH XQG $ODUPIOXWVLWXDWLRQHQ ��� RGHU PHKU

$ODUPH LQQHUKDOE YRQ �� 0LQXWHQ�� 1HEHQ GLHVHQ 0HWULNHQ JDEHQ DQGHUH� ZLH

EHLVSLHOVZHLVH GLH 5HDNWLRQV]HLW GHV 3HUVRQDOV SUR $ODUP RGHU GLH 1XW]XQJ GHU

3DXVH�)XQNWLRQ� GLH 5HDNWLRQVIlKLJNHLW XQG GHQ 8PJDQJ GHV 3HUVRQDOV PLW $ODUPHQ ZLHGHU�

$QKDQG GLHVHU 0HWULNHQ ZLUG GDV 3HUVRQDO HUPlFKWLJW� GLH DNWXHOOH $ODUPODVW XQG GLH

$ODUPTXHOOHQ E]Z� 8UVDFKHQ HLQ]XRUGQHQ� 6WUDWHJLHQ ]XU 9HUEHVVHUXQJ ]X HWDEOLHUHQ XQG

GHUHQ 8PVHW]XQJ ]X EHZHUWHQ >��@� :LONHQ HW DO� VFKOXJHQ ���� KLHU]X HLQ .RQ]HSW YRU� GDV

HV GHP 3HUVRQDO HUP|JOLFKHQ VROO� VLFK LQ (FKW]HLW HLQHQ XPIDVVHQGHQ hEHUEOLFN �EHU GLH

$ODUPVLWXDWLRQ ]X YHUVFKDIIHQ XQG SUREOHPDWLVFKH 8UVDFKHQ VRZLH $XVZLUNXQJHQ YRQ

$ODUP�)DWLJXH ]X LGHQWLIL]LHUHQ� 'LH GHU]HLWLJH WHFKQRORJLVFKH ,QIUDVWUXNWXU GHU

0RQLWRULQJJHUlWH E]Z� 0HGL]LQJHUlWH LVW MHGRFK VRZRKO DXI GHU WHFKQLVFKHQ DOV DXFK GHU

V\QWDNWLVFKHQ XQG VHPDQWLVFKHQ ,QWHURSHUDELOLWlWVHEHQH QLFKW DXI VROFKH $XIJDEHQ

DXVJHULFKWHW� ,P 5RVHWWD 7HUPLQRORJ\ 0DSSLQJ ZHUGHQ EDVLHUHQG DXI ,62�,((( �����

,QIRUPDWLRQHQ VWDQGDUGLVLHUW� GLH YRQ PHGL]LQLVFKHQ *HUlWHQ ]XP %HLVSLHO DQ GLH

HOHNWURQLVFKH 3DWLHQWHQDNWH JHVHQGHW ZHUGHQ >��@� ,QVJHVDPW ILQGHQ VLFK GRUW OHGLJOLFK ��

(LQWUlJH�]X�$ODUPHQ�

*UDILN �� ,QWHUDNWLRQ YRQ $ODUPHQ PHGL]LQLVFKHU *HUlWH PLW GHP *HVXQGKHLWVSHUVRQDO XQG

3DWLHQW�LQQHQ�VRZLH�*HJHQPD�QDKPHQ�]XU�5HGXNWLRQ�GHU�$ODUPODVW��HLJHQH�*UDILN�
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'DV NRQWLQXLHUOLFKH 3DWLHQWHQPRQLWRULQJ� EHLVSLHOVZHLVH DOV HSLVRGLVFKHV SRVWRSHUDWLYHV

0RQLWRULQJ� ZLUG EDOG DXFK DXI GHU 1RUPDOVWDWLRQ ]XP NOLQLVFKHQ $OOWDJ JHK|UHQ� 'DPLW

YHUEXQGHQ VLQG HEHQIDOOV $ODUP�)DWLJXH�6LWXDWLRQHQ GHV 3HUVRQDOV DXI GHQ

1RUPDOVWDWLRQHQ� VRIHUQ NHLQH /|VXQJHQ I�U H[]HVVLYH $ODUPEHODVWXQJHQ HQWZLFNHOW XQG

LPSOHPHQWLHUW ZHUGHQ� 'LHV ZXUGH LQ HLQHU TXDOLWDWLYHQ ,QWHUYLHZVWXGLH YRQ 3UJRPHW HW DO�

IHVWJHVWHOOW >��@� $XFK LP DPEXODQWHQ *HVXQGKHLWVVHNWRU VLQG $ODUPH EHUHLWV KHXWH

RPQLSUlVHQW� 'LHV EHLQKDOWHW MHJOLFKH 0HGL]LQJHUlWH �]��%� ,QVXOLQSXPSHQ� 'LDO\VHJHUlWH�

6FKULWWPDFKHU�� :HDUDEOHV �]��%� (.*�� %OXWGUXFN�� 6S2��*HUlWH� VRZLH $SSOLNDWLRQHQ DXI

GHP�6PDUWSKRQH��]��%��'LDEHWHV���'LlW���'HSUHVVLRQV�$SS��

$ODUPPDQDJHPHQW LQ GHU 0HGL]LQ ZLUG LQ GHU QlFKVWHQ 'HNDGH DXIJUXQG GHU ]XQHKPHQGHQ

hEHUZDFKXQJ YRQ *HVXQGKHLWV]XVWlQGHQ YRQ 3DWLHQW�LQQHQ LQ MHJOLFKHQ 6LWXDWLRQHQ HLQH

LPPHU JU|�HUH 5ROOH VSLHOHQ� 0LW GHU ,PSOHPHQWLHUXQJ YRQ 6RIWZDUH EDVLHUHQG DXI .,

ZHUGHQ ZHLWHUH %HQDFKULFKWLJXQJHQ E]Z� 9HUEHVVHUXQJVYRUVFKOlJH KLQ]XNRPPHQ� 8P

HLQHU VWlQGLJHQ DNXWHQ 8QWHUEUHFKXQJ GHU NOLQLVFKHQ 5RXWLQH �I�U GDV 3HUVRQDO� E]Z� GHV

WlJOLFKHQ �$UEHLWV��OHEHQV �I�U 3DWLHQW�LQQHQ� DXIJUXQG YHUPHLQWOLFK NULWLVFKHU 6LWXDWLRQHQ

HLQKDOW ]X JHELHWHQ XQG XP $ODUPHQ ZLHGHU HLQH %HGHXWXQJ ]X JHEHQ� ZHUGHQ QHXDUWLJH

$ODUPPDQDJHPHQW�.RQ]HSWH�GULQJHQG�EHQ|WLJW�

(LQH 0|JOLFKNHLW ZlUH GLH (LQI�KUXQJ HLQHU ZHLWHUHQ (VNDODWLRQVVWXIH YRQ KRFK�VSH]LILVFKHQ

$ODUPHQ� G��K� $ODUPH GLHVHU 6WXIH ZDUQHQ PLW HLQHU KRKHQ 6SH]LILWlW YRU HLQHU NULWLVFKHQ� PLW

GHP /HEHQ VFKZHU YHUHLQEDUHQGHQ� 6LWXDWLRQ� $XIJUXQG GHU KRKHQ 6SH]LILWlW VROOWH GLH

$ODUP�)DWLJXH GHU 1XW]HU�LQQHQ JHJHQ�EHU GLHVHU $UW YRQ $ODUPHQ PLQLPDO VHLQ� 'HU]HLW

ZHUGHQ LP LQWHQVLYPHGL]LQLVFKHQ %HUHLFK YHUVFKLHGHQH NULWLVFKH URWH $ODUPH JOHLFKJHVHW]W�

6R NDQQ HLQH $V\VWROLH PLW GHUVHOEHQ $NXLWlW HUW|QHQ ZLH HLQH Pl�LJH 'HVDWXULHUXQJ RGHU

7DFK\NDUGLH� (LQH DXGLWLYH RGHU YLVXHOOH 8QWHUVFKHLGXQJ LVW KLHU QLFKW YRUJHVHKHQ� 'XUFK GLH

(LQI�KUXQJ GLHVHU KRFK�VSH]LILVFKHQ $ODUPH N|QQWHQ LQVEHVRQGHUH $ODUPH GHU PLWWOHUHQ

6WXIH SULPlU HLQHU %HQDFKULFKWLJXQJ JOHLFKJHVWHOOW ZHUGHQ XQG JHE�QGHOW� ]XP %HLVSLHO

HLQPDO SUR 6WXQGH� RGHU EHL SHUVRQHOOHU 9HUI�JEDUNHLW DEJHDUEHLWHW ZHUGHQ� 1HXDUWLJH

$ODUPLHUXQJVV\VWHPH EH]LHKHQ GLH 7UHQGHUIDVVXQJ PLW HLQ� XP VXN]HVVLYH

*HVXQGKHLWVYHUVFKOHFKWHUXQJHQ IU�K]HLWLJHU HUNHQQHQ ]X N|QQHQ� 'LHV VLQG MHGRFK QXU

9RU]HLFKHQ I�U 6\VWHPH� GLH 0HWKRGHQ GHU N�QVWOLFKHQ ,QWHOOLJHQ] QXW]HQ XQG

SDWLHQWHQEH]RJHQH *HVXQGKHLWVGDWHQ LQ GLH 3ULRULVLHUXQJ NULWLVFKHU *HVXQGKHLWV]XVWlQGH

PLW HLQ]XEH]LHKHQ� XP GDPLW HLQHQ HVVHQ]LHOOHQ 7HLO GHU PRGHUQHQ 3Ul]LVLRQVPHGL]LQ

DE]XGHFNHQ�
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���� 'LH HIIL]LHQWH ,PSOHPHQWLHUXQJ YRQ 3DWLHQWHQPRQLWRULQJ

HUIRUGHUW�HLQH�NRQWLQXLHUOLFKH�(YDOXDWLRQ�GHV�6WDWXV�TXR

'XUFK GHQ H[SRQHQWLHOOHQ WHFKQRORJLVFKHQ )RUWVFKULWW� GHU LQ QDKHU =XNXQIW ZHLWHUKLQ DQ

7HPSR ]XQHKPHQ ZLUG� VHKHQ VLFK *HVXQGKHLWVV\VWHPH ZHOWZHLW JOHLFKHUPD�HQ HLQHU

&KDQFH XQG +HUDXVIRUGHUXQJ DXVJHVHW]W� =XP HLQHQ ELHWHW GHU WHFKQRORJLVFKH )RUWVFKULWW

HQRUPH 9RUWHLOH LQ %H]XJ DXI HLQH HIIL]LHQWH� KRFKTXDOLWDWLYH *HVXQGKHLWVYHUVRUJXQJ� $XI

GHU DQGHUHQ 6HLWH LVW HLQH KRKH 7XUQDURXQG�5DWH QHXDUWLJHU 7HFKQRORJLHQ LPPHU PLW

5HVVRXUFHQYHUEUDXFK YHUEXQGHQ� GHVVHQ $EZlJXQJ �,PSOHPHQWLHUXQJ RGHU OLHEHU

$EZDUWHQ� HLQH +HUDXVIRUGHUXQJ VHLQ ZLUG� 6FKRQ KHXWH LVW DE]XVHKHQ� GDVV (LQULFKWXQJHQ

PLW HLQHP KRKHQ WHFKQRORJLVFKHQ 6WDQG QLFKW ]ZDQJVOlXILJ DXFK LQ �� -DKUHQ ZHLWHUKLQ

I�KUHQG LQ %H]XJ DXI ]��%� 'LJLWDOLVLHUXQJ VHLQ ZHUGHQ� 'LHV KlQJW YLHOPHKU GDYRQ DE�

LQZLHIHUQ 3UR]HVVH ]XU ,PSOHPHQWLHUXQJ XQG ([QRYDWLRQ LQ HLQH 2UJDQLVDWLRQVVWUXNWXU

HLQJHEHWWHW�VLQG�

8P HLQHQ KRKHQ 1XW]HQ DXV 3DWLHQWHQPRQLWRULQJ�7HFKQRORJLHQ ]X HU]LHOHQ� VLQG LWHUDWLY XQG

LP 6LQQH HLQHV )HHGEDFN�/RRSV UHJHOPl�LJ GLH 6WDWLRQHQ �� %HVWDQGVDQDO\VH� ��

%HGDUIVDQDO\VH� �� /|VXQJHQ XQG �� ,PSOHPHQWLHUXQJ ]X GXUFKODXIHQ �VLHKH *UDILN ��� 'LH

%HVWDQGVDQDO\VH EHLQKDOWHW GLH ,QYHQWDULVLHUXQJ DOOHU *HUlWH LQNOXVLYH 6RIWZDUHYHUVLRQHQ�

'LH %HGDUIVDQDO\VH VROOWH LP 6LQQH GHU 2ULJLQDODUEHLW � XQG � VRZRKO TXDOLWDWLY DOV DXFK PLW

TXDQWLWDWLYHQ .RPSRQHQWHQ JHVWDOWHW VHLQ� XP GHQ 6WDWXV TXR PLW GHU 1XW]HUSHUVSHNWLYH DOV

DXFK PLW LQWHUQDWLRQDO YHUI�JEDUHQ 7HFKQRORJLHQ XQG DNWXHOOHQ (YLGHQ]HQ DE]XJOHLFKHQ�

'LHV EHLQKDOWHW HEHQIDOOV GLH )UHLVWHOOXQJ NOLQLVFK WlWLJHU ([SHUW�LQQHQ I�U :RUNVKRSV XQG

([SHUWHQLQWHUYLHZV� ,Q HQJHU =XVDPPHQDUEHLW PLW GHQ 1XW]HQGHQ XQG GHQ +HUVWHOOHUQ

VROOWHQ DQVFKOLH�HQG /|VXQJHQ JHIXQGHQ ZHUGHQ� XP GLH /�FNH ]ZLVFKHQ %HVWDQG XQG

%HGDUI ]X VFKOLH�HQ� 'D]X ZHUGHQ EHUHLWV YHUI�JEDUH 7HFKQRORJLHQ YHUZHQGHW E]Z�

DGDSWLHUW� DOV DXFK HLJHQH /|VXQJHQ HQWZLFNHOW� 'LH ,PSOHPHQWLHUXQJ HUIROJW VFKOLH�OLFK

SDUWL]LSDWLY LP 6LQQH GHV LQ 2ULJLQDODUEHLW � HQWZLFNHOWHQ ,PSOHPHQWLHUXQJVOHLWIDGHQV PLW GHQ

1XW]HQGHQ� 1DFK GHU ,PSOHPHQWLHUXQJ EHJLQQW GHU =\NOXV ZLHGHU EHL GHU %HVWDQGVDQDO\VH�

$E GHU %HGDUIVDQDO\VH VROOWHQ ]HQWUDOH (LQKHLWHQ ]XU *HZlKUOHLVWXQJ HLQHU KRKHQ 8VDELOLW\�

,QWHURSHUDELOLWlW XQG QDFKKDOWLJHQ ,PSOHPHQWLHUXQJ HLQJHVHW]W ZHUGHQ� XP HLQH KRKH

4XDOLWlW�LQ�GLHVHQ�%HUHLFKHQ�HUUHLFKHQ�]X�N|QQHQ�
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*UDILN �� 'DUVWHOOXQJ GHU NRQWLQXLHUOLFKHQ (YDOXDWLRQ YRQ 3DWLHQWHQPRQLWRULQJ�7HFKQRORJLH

LP 6LQQH HLQHV )HHGEDFN�/RRSV PLW GHQ 6WDWLRQHQ �� %HVWDQGVDQDO\VH� �� %HGDUIVDQDO\VH�

�� /|VXQJHQ XQG �� ,PSOHPHQWLHUXQJ VRZLH GHU ]HQWUDOHQ (LQKHLWHQ ]XU *HZlKUOHLVWXQJ

HLQHU�KRKHQ�8VDELOLW\��,QWHURSHUDELOLWlW�XQG�QDFKKDOWLJHQ�,PSOHPHQWLHUXQJ��HLJHQH�*UDILN��

,Q 2ULJLQDODUEHLW � NRQQWH JH]HLJW ZHUGHQ� GDVV GXUFK GLH 9HUZHQGXQJ YRQ 8VDELOLW\�7HVWV

GLH %HQXW]HUREHUIOlFKH HLQHV 0RQLWRULQJV\VWHPV I�U 3DWLHQW�LQQHQ VLJQLILNDQW YHUEHVVHUW

ZHUGHQ NRQQWH� 'LHV EHLQKDOWHWH GLH SDUWL]LSDWLYH *HVWDOWXQJ GHV 6\VWHPV JHPHLQVDP PLW

GHQ 1XW]HQGHQ� (LQH 8VDELOLW\�8QLW LQQHUKDOE HLQHV .UDQNHQKDXVHV GLHQW GD]X� GHQ

PD[LPDOHQ 1XW]HQ HLQHV 6\VWHPV EHL JOHLFK]HLWLJ YRUOLHJHQGHU hEHU]HXJXQJ GHU 1XW]HQGHQ

YRQ GHU HQWVSUHFKHQGHQ 7HFKQRORJLH ]X HU]LHOHQ� XP GDPLW HLQH HUIROJUHLFKH XQG

QDFKKDOWLJH�,PSOHPHQWLHUXQJ�]X�HUP|JOLFKHQ�>��@�

,Q 2ULJLQDODUEHLW � XQG � NRQQWH JH]HLJW ZHUGHQ� GDVV DNWXHOO YHUZHQGHWH

0RQLWRULQJWHFKQRORJLHQ DXV 6LFKW GHU 1XW]HQGHQ DQ ,QWHURSHUDELOLWlW PDQJHOQ� 'DVV

,QWHURSHUDELOLWlW GLH *UXQGODJH I�U HLQ IXQNWLRQLHUHQGHV *HVXQGKHLWVV\VWHP GDUVWHOOW� LVW VHLW

/lQJHUHP EHNDQQW >�����@� 'LHV I�KUWH ]XU (WDEOLHUXQJ GHV ,QWHURS &RXQFLOV GHU *HPDWLN DXI

%DVLV GHU *HVXQGKHLWV�,7�,QWHURSHUDELOLWlWV�*RYHUQDQFH�9HURUGQXQJ LP -DKU ���� ]XU

]HQWUDOHQ 6WHXHUXQJ XQG .RRUGLQDWLRQ QDWLRQDOHU ,QWHURSHUDELOLWlWVSURMHNWH LQ 'HXWVFKODQG

>�����@� (V HUNOlUW VLFK GDPLW YRQ VHOEVW� GDVV HLQ .UDQNHQKDXV GHU 0D[LPDOYHUVRUJXQJ HLQH

,QWHURSHUDELOLW\�8QLW DXIEDXHQ VROOWH� XP HEHQIDOOV ]HQWUDO ([SHUWLVH DXIEDXHQ XQG

GLVVHPLQLHUHQ�]X�N|QQHQ�

6FKOLH�OLFK ZXUGH LQ 2ULJLQDODUEHLW � HLQ /HLWIDGHQ HQWZLFNHOW� GHU ]XN�QIWLJH

,PSOHPHQWLHUXQJVYRUKDEHQ GLJLWDOHU 7HFKQRORJLHQ XQWHUVW�W]HQ VROO� 'XUFK GLHVH
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6WDQGDUGLVLHUXQJ VROO HLQH HIIHNWLYH ,PSOHPHQWLHUXQJ PLW PLQLPDOHP 5HVVRXUFHQYHUEUDXFK

HUIROJHQ� ,Q .UDQNHQKlXVHUQ VROOWHQ GLH 5HVVRXUFHQ ]XU 8QWHUVW�W]XQJ YRQ

,PSOHPHQWLHUXQJVYRUKDEHQ ]HQWUDO PLW GHU 'RPlQHQH[SHUWLVH GXUFK HLQH

,PSOHPHQWDWLRQ�8QLW�JHVWHXHUW�ZHUGHQ�

���� 'LH 5ROOH GHV NRQWLQXLHUOLFKHQ 3DWLHQWHQPRQLWRULQJV �EHU GLH

,QWHQVLYVWDWLRQ�KLQDXV

'HU]HLW VSLHOW GLH NRQWLQXLHUOLFKH hEHUZDFKXQJ GHU 9LWDOSDUDPHWHU YRQ 3DWLHQW�LQQHQ�

LQVEHVRQGHUH DXI ,QWHQVLY� RGHU hEHUZDFKXQJVVWDWLRQHQ �]��%� NDUGLRORJLVFKH

7HOHPHWULHVWDWLRQ�� HLQH ]HQWUDOH 5ROOH� XP GDV 3HUVRQDO EHL NULWLVFKHQ (UHLJQLVVHQ VRIRUW ]X

DODUPLHUHQ XQG GXUFK GLH DXWRPDWLVLHUWH hEHUWUDJXQJ DQ HLQ HOHNWURQLVFKHV 3'06 GLH

*UXQGODJH I�U GLH PHGL]LQLVFKH %HKDQGOXQJ ]X ELHWHQ� =XVlW]OLFK ELOGHQ GLH DXIJH]HLFKQHWHQ

'DWHQ GLH *UXQGODJH EHL GHU (QWZLFNOXQJ YRQ VRJHQDQQWHQ (DUO\ :DUQLQJ 6FRUHV �(:6�

>��@ VRZLH GLYHUVHQ 3UlGLNWLRQVPRGHOOHQ EDVLHUHQG DXI 0HWKRGHQ GHU ., >�����@� 'LHVH

9RUWHLOH� GLH GDV 3DWLHQWHQPRQLWRULQJ PLW VLFK EULQJW� ZHUGHQ EHL WHFKQRORJLVFKHP )RUWVFKULWW

XQG IDOOHQGHQ $QVFKDIIXQJVNRVWHQ DXFK DXI GHU 1RUPDOVWDWLRQ VRZLH LP DPEXODQWHQ 8PIHOG

HLQH�ZLFKWLJH�)XQNWLRQ�HLQQHKPHQ�

:lKUHQG GHU *UR�WHLO GHU NRQWLQXLHUOLFKHQ hEHUZDFKXQJ GHU 9LWDOSDUDPHWHU DXI GHU ,76

VWDWWILQGHW� HUHLJQHQ VLFK IDVW GLH +lOIWH DOOHU XQHUZ�QVFKWHQ (UHLJQLVVH EHL VWDWLRQlUHQ

3DWLHQW�LQQHQ DXI GHQ 1RUPDOVWDWLRQHQ >�����@� 'LH (LQI�KUXQJ YRQ �HSLVRGLVFK�

NRQWLQXLHUOLFKHQ� QLFKW�LQYDVLYHQ� GUDKWORVHQ 3DWLHQWHQPRQLWRULQJV\VWHPHQ DXI

QLFKW�LQWHQVLYPHGL]LQLVFKHQ 6WDWLRQHQ ELHWHW GLYHUVH NOLQLVFKH 9RUWHLOH >��±��@ XQG YHUULQJHUW

GLH =DKO GHU YHUSDVVWHQ NULWLVFKHQ 6LWXDWLRQHQ RGHU 1RWIlOOH� LQVEHVRQGHUH ZlKUHQG GHU

$EHQG� XQG 1DFKWVFKLFKWHQ >��@� 1LFKW�LQYDVLYH� GUDKWORVH 3DWFK�RQ�*HUlWH VLQG

YLHOYHUVSUHFKHQG I�U GDV NRQWLQXLHUOLFKH 3DWLHQWHQPRQLWRULQJ DXI 1RUPDOVWDWLRQHQ� GD VLH

ZHQLJHU IHKOHUDQIlOOLJ VLQG� GLH %HQXW]HUIUHXQGOLFKNHLW HUK|KHQ XQG GLH (UIDKUXQJHQ YRQ

3DWLHQW�LQQHQ XQG 3IOHJHSHUVRQDO YHUEHVVHUQ >��@� 1HEHQ GHU 9HUEHVVHUXQJ GHU NOLQLVFKHQ

(UJHEQLVVH NDQQ GLH (LQI�KUXQJ YRQ 3DWLHQWHQPRQLWRULQJ GD]X I�KUHQ� GDVV VLFK GLH

3DWLHQW�LQQHQ VLFKHUHU I�KOHQ XQG LQ GHU /DJH VLQG� LKUH HLJHQHQ YLVXDOLVLHUWHQ 9LWDOSDUDPHWHU

E]Z� *HQHVXQJVIRUWVFKULWWH LP 6LQQH HLQHV %LRIHHGEDFNV ]X Z�UGLJHQ >��@� =XGHP N|QQHQ

GXUFK GDV 3DWLHQWHQPRQLWRULQJ .RPSOLNDWLRQHQ IU�KHU HUNDQQW XQG GLH

.UDQNHQKDXVYHUZHLOGDXHU YHUN�U]W ZHUGHQ� ZRGXUFK GLH %HKDQGOXQJVNRVWHQ UHGX]LHUW

ZHUGHQ >�����@� (LQH JUR�IOlFKLJH (LQI�KUXQJ GHV NRQWLQXLHUOLFKHQ 3DWLHQWHQPRQLWRULQJV DXI

GHU 1RUPDOVWDWLRQ LVW ]XQlFKVW I�U GLH HSLVRGLVFKH hEHUZDFKXQJ YRQ 3DWLHQW�LQQHQ PLW HLQHU
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KRKHQ 3UlWHVWZDKUVFKHLQOLFKNHLW I�U GDV $XIWUHWHQ YRQ .RPSOLNDWLRQHQ �]��%� SRVWRSHUDWLYH

%OXWXQJ RGHU 6HSVLV� ]X HUZDUWHQ� 'LH $EVFKlW]XQJ GLHVHU 3UlWHVWZDKUVFKHLQOLFKNHLW VROOWH

GXUFK�0HWKRGHQ�GHU�.,�DXJPHQWLHUW�ZHUGHQ�

7URW] GHU 9RUWHLOH KLQNW GLH ,PSOHPHQWLHUXQJ YRQ NRQWLQXLHUOLFKHQ 0RQLWRULQJWHFKQRORJLHQ DXI

1RUPDOVWDWLRQHQ ZHLW KLQWHUKHU� =X GHQ +LQGHUQLVVHQ I�U GLH ,PSOHPHQWLHUXQJ GLHVHU

7HFKQRORJLH JHK|UHQ GLH ,QIRUPDWLRQVIOXW XQG GLH 0HQJH DQ $ODUPHQ� GLH PLW GHU (LQI�KUXQJ

YRQ *UHQ]HQ�EDVLHUWHQ $ODUPV\VWHPHQ HLQKHUJHKHQ Z�UGHQ� VRZLH GLH %HI�UFKWXQJ GHV

3HUVRQDOV� GDVV GDV 3DWLHQWHQPRQLWRULQJ HLQH 1RUPDOVWDWLRQ LQ HLQH LQWHQVLYPHGL]LQLVFKH

8PJHEXQJ YHUZDQGHOQ Z�UGH >��@� +RKH *HUlWHNRVWHQ XQG GHU %HGDUI DQ )DFKNHQQWQLVVHQ

GHV 3HUVRQDOV EHL GHU 'DWHQLQWHUSUHWDWLRQ VLQG ZHLWHUH +�UGHQ I�U HLQH XPIDVVHQGH

(LQI�KUXQJ >��@� 6FKOLH�OLFK IHKOW HV DQ NRQNUHWHQ /HLWOLQLHQ I�U GLH ,PSOHPHQWLHUXQJ YRQ

0RQLWRULQJWHFKQRORJLHQ DXI GHU 1RUPDOVWDWLRQ VRZLH DQ (UNHQQWQLVVHQ �EHU GLH NOLQLVFKHQ

$QIRUGHUXQJHQ DQ GDV 0RQLWRULQJ LQ YHUVFKLHGHQHQ 6WDWLRQVXPJHEXQJHQ �]��%� &KLUXUJLH�

,QQHUH�0HGL]LQ��3lGLDWULH��3V\FKLDWULH��

:HVHQWOLFK I�U GLH (UNHQQXQJ GHU NOLQLVFKHQ 9HUVFKOHFKWHUXQJ YRQ 3DWLHQW�LQQHQ VLQG GLH

0LWWHO ]XU NRUUHNWHQ ,QWHUSUHWDWLRQ GHU YRP 3DWLHQWHQPRQLWRULQJ �EHUZDFKWHQ 9DULDEOHQ�

+LHUI�U ZHUGHQ LQWHURSHUDEOH .UDQNHQKDXVLQIRUPDWLRQVV\VWHPH EHQ|WLJW� XP VLFKHU]XVWHOOHQ�

GDVV 0RQLWRULQJGDWHQ DXWRPDWLVFK DQ GDV 3'06 �EHUPLWWHOW ZHUGHQ� $XWRPDWLVLHUWH

9RUKHUVDJHPRGHOOH N|QQHQ DXI %DVLV GLHVHU 'DWHQ +RFKULVLNRSDWLHQW�LQQHQ IU�K]HLWLJ

HUNHQQHQ >��@� (LQH VROFKH .,�JHVW�W]WH (FKW]HLW�$QDO\VH YRQ 0RQLWRULQJGDWHQ NDQQ GLH

3DWLHQWHQVLFKHUKHLW YHUEHVVHUQ XQG VR GHQ %HGDUI DQ K|KHUHU $NXWYHUVRUJXQJ GXUFK

.RPSOLNDWLRQHQ YHUULQJHUQ� GLH 9HUZHLOGDXHU LP .UDQNHQKDXV XQG GLH $XIQDKPHNRVWHQ

UHGX]LHUHQ�VRZLH�GLH�VWDWLRQlUH�0RUWDOLWlW�UHGX]LHUHQ�>��@�

8P GLH GLJLWDOH 7UDQVIRUPDWLRQ GHV *HVXQGKHLWVV\VWHPV YRUDQ]XWUHLEHQ XQG GDPLW QHXH�

ELVKHU XQP|JOLFKH 3UR]HVVH XQG 6\VWHPH ]X HWDEOLHUHQ� LVW ZHLWHUH )RUVFKXQJVDUEHLW

LQVEHVRQGHUH LQ GHU 1XW]EDUPDFKXQJ GLHVHU 0RQLWRULQJGDWHQ XQDEGLQJEDU� 6R KDW VLFK GLH

���� YRP %XQGHVPLQLVWHULXP I�U %LOGXQJ XQG )RUVFKXQJ �%0%)� JHVWDUWHWH

0HGL]LQLQIRUPDWLN�,QLWLDWLYH �0,,� ]XP =LHO JHVHW]W� )RUVFKXQJ XQG 9HUVRUJXQJ HQJHU ]X

YHUNQ�SIHQ XQG GDPLW *HVXQGKHLWVGDWHQ I�U GLH 5HJHOYHUVRUJXQJ XQG )RUVFKXQJ YHUI�JEDU

]X PDFKHQ >��@� ,P =XJH GHU $XJPHQWLHUXQJ GHU 5HJHOYHUVRUJXQJ GXUFK .,�7HFKQRORJLHQ

KDW GDV 3DWLHQWHQPRQLWRULQJ DOV YHUOlVVOLFKH XQG KRFKIUHTXHQWH 'DWHQTXHOOH LQVEHVRQGHUH

LQ .RPELQDWLRQ PLW ZHLWHUHQ *HVXQGKHLWVGDWHQ HLQHQ ]HQWUDOHQ 6WHOOHQZHUW� 8P GLHVH

%LRVLJQDOH I�U GLH )RUVFKXQJ XQG SHUVSHNWLYLVFK I�U .,�7HFKQRORJLHQ LQ GHU 5HJHOYHUVRUJXQJ

QXW]EDU PDFKHQ ]X N|QQHQ� ZHUGHQ LP 5DKPHQ GHU 0,, .HUQGDWHQVDW]PRGXOH HUVWHOOW� GLH
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GLH ,QWHURSHUDELOLWlW DXI DOOHQ (EHQHQ VLFKHUVWHOOW� 'LHV NRQQWH I�U GHQ LQWHQVLYPHGL]LQLVFKHQ

%HUHLFK�EHUHLWV�EHJRQQHQ�ZHUGHQ�

,Q HLQHU ZHLWHUHQ $XVVFKUHLEXQJ GHV %0* ZHUGHQ VHLW ���� GLJLWDOH ,QQRYDWLRQHQ I�U GLH

9HUEHVVHUXQJ GHU SDWLHQWHQ]HQWULHUWHQ 9HUVRUJXQJ LP *HVXQGKHLWVZHVHQ JHI|UGHUW >��@� ,P

0LWWHOSXQNW GHV )|UGHUVFKZHUSXQNWV VWHKHQ GLH =XVDPPHQI�KUXQJ XQG 1XW]XQJ YRQ 'DWHQ

VRZLH GLH (USUREXQJ XQG SUDNWLVFKH 8PVHW]XQJ YRQ .,�JHVW�W]WHQ $QZHQGXQJHQ� ,Q HLQHU

1HW]ZHUNYHUDQVWDOWXQJ $QIDQJ ���� NDPHQ DOOH JHI|UGHUWHQ 3URMHNWWHDPV ]XVDPPHQ XQG

NRQQWHQ VLFK �EHU +HUDXVIRUGHUXQJHQ XQG 6\QHUJLHQ DXVWDXVFKHQ >��@� $XFK LP 5DKPHQ

GLHVHU )|UGHUOLQLH ZLUG X��D� GLH KHWHURJHQH RGHU IHKOHQGH 'DWHQDXIEHUHLWXQJ PRQLHUW� ZREHL

%HVWUHEXQJHQ GHU 0,, GLHVH 'HIL]LWH LQ GHU 'DWHQVWDQGDUGLVLHUXQJ QRFK QLFKW DXVUHLFKHQG

DGUHVVLHUW KDEH� 6WDWWGHVVHQ ZHUGHQ TXDOLWlWVJHVLFKHUWH 2SHQ�6RXUFH�7UDLQLQJVGDWHQVlW]H

JHIRUGHUW� 'RFK LP 5DKPHQ GHU 0,, ZHUGHQ JHQDX VROFKH )RUVFKXQJV� XQG

9HUVRUJXQJVGDWHQ LQ 'DWHQLQWHJUDWLRQV]HQWUHQ DXIEHUHLWHW XQG ]XVDPPHQJHIDVVW� XP HLQH

VWDQGRUW�EHUJUHLIHQGH 'DWHQQXW]XQJ I�U GLH 5HJHOYHUVRUJXQJ XQG )RUVFKXQJ ]X

JHZlKUOHLVWHQ� (LQH EHVVHUH .RPPXQLNDWLRQ XQG 5HVVRXUFHQDOORNDWLRQ N|QQWH KLHU DOV

.DWDO\VDWRU�GLHQHQ��XP�JHPHLQVDPH�=LHOH�HIIL]LHQWHU�XQG�IU�KHU�]X�HUUHLFKHQ�

0LW GHP .+=* LP -DKU ���� ZXUGH HLQ 0HLOHQVWHLQ LQ GHU 'LJLWDOLVLHUXQJ GHU .UDQNHQKlXVHU

LQ 'HXWVFKODQG HUUHLFKW� GHVVHQ $XVZLUNXQJHQ LQ GHQ QlFKVWHQ -DKUHQ LQ GHU

5HJHOYHUVRUJXQJ VS�UEDU VHLQ VROOWHQ >��@� $QJHOHKQW DQ GHP VFKZHGLVFKHQ 9RUELOG 9LVLRQ

IRU H+HDOWK ���� VROOWHQ ZLU QXQ DXFK I�U 'HXWVFKODQG HLQH JHPHLQVDPH 9LVLRQ XQG 0LVVLRQ

HQWZLFNHOQ� ZLH XQVHUH 5HJHOYHUVRUJXQJ LQ ]HKQ -DKUHQ DXVVHKHQ VROOWH >��@� 'HQQ QXU PLW

HLQHU NRQVHQWLHUWHQ =LHOVHW]XQJ XQG HLQHP UHJHQ LQWHUGLV]LSOLQlUHQ $XVWDXVFK ZHUGHQ ZLU

GLH�YLHOHQ�'LJLWDOLVLHUXQJVSURMHNWH�LQ�'HXWVFKODQG�V\QFKURQLVLHUHQ�N|QQHQ�

���� $XVEOLFN

,Q =XNXQIW ZHUGHQ GLH 9LWDOSDUDPHWHU DOOHU 3DWLHQW�LQQHQ LP .UDQNHQKDXV NRQWLQXLHUOLFK

�EHUZDFKW� 7HFKQRORJLVFKH )RUWVFKULWWH ZHUGHQ HLQ DOOJHJHQZlUWLJHV NRQWDNWORVHV

0RQLWRULQJ� ]XP %HLVSLHO GXUFK 8OWUDVFKDOO� 5DGDUWHFKQRORJLH RGHU 3KRWRSOHWK\VPRJUDSKLH�

HUP|JOLFKHQ >��±��@� ,P 6LQQH HLQHV 3DUDGLJPDV YHUQHW]WHU PHGL]LQLVFKHU *HUlWH �HQJO�

QHWZRUNHG�GHYLFH SDUDGLJP� ODXIHQ DOOH 3DWLHQWHQLQIRUPDWLRQHQ ]HQWUDO DQ HLQ

.,�DXJPHQWLHUWHV 6\VWHP� ZHOFKHV SRWHQWLHOO NULWLVFKH 6LWXDWLRQHQ HUNHQQW E]Z� DQWL]LSLHUW�

WHLOZHLVH GXUFK FORVHG�ORRS 6\VWHPH �]��%� EHL +\SRWHQVLRQ� (UK|KXQJ GHU 1RUDGUHQDOLQUDWH�

VHOEVW EHVHLWLJW E]Z� YHUKLQGHUW XQG VLWXDWLRQVDGDSWLHUW SDWLHQWHQ� XQG QXW]HUVSH]LILVFKH

%HQDFKULFKWLJXQJHQ SULRULVLHUW DQ GDV SDVVHQGH 3HUVRQDO VHQGHW >�����@� ,P 6LQQH GHU
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GDWHQJHWULHEHQHQ 0HGL]LQ �HQJO� KLJK�GHILQLWLRQ PHGLFLQH� ZLUG GXUFK GLH KRFKIUHTXHQWH

0HVVXQJ YRQ 9LWDOSDUDPHWHUQ LQ .RPELQDWLRQ PLW ZHLWHUHQ %LRVHQVRUHQ LQ =XNXQIW GLH

&KDUDNWHULVLHUXQJ�LQGLYLGXHOOHU�HUHLJQLV��XQG�VLWXDWLRQVEH]RJHQHU�5LVLNHQ�P|JOLFK�VHLQ�>��@�

1HEHQ WHFKQRORJLVFKHQ� VR]LRWHFKQLVFKHQ XQG LPSOHPHQWLHUXQJVZLVVHQVFKDIWOLFKHQ

+HUDXVIRUGHUXQJHQ HUJHEHQ VLFK DXV GLHVHU 9LVLRQ GLYHUVH NRPSOH[H HWKLVFKH XQG VR]LDOH

)UDJHVWHOOXQJHQ� GLH EHUHLWV KHXWH LQWHUGLV]LSOLQlU PLW =HQWULHUXQJ DXI GLH 3DWLHQW�LQQHQ

DQJHJDQJHQ ZHUGHQ VROOWHQ� 'HU =XVDPPHQKDQJ YRQ HLQJHVFKUlQNWHU 3ULYDWVSKlUH XQG

K|KHUHU 3DWLHQWHQVLFKHUKHLW NRQQWH EHUHLWV LP 5DKPHQ YRQ 7HOHPRQLWRULQJ YRQ 3DWLHQW�LQQHQ

PLW &29,'��� EHVFKULHEHQ ZHUGHQ >��@� :HOFKH )ROJHQ GLH (LQI�KUXQJ YRQ .,�6\VWHPHQ LQ

GLH NOLQLVFKH 5RXWLQH KDEHQ ZLUG XQG ZHOFKH 9RUVLFKWVPD�QDKPHQ� ]XP %HLVSLHO YRQ

bU]W�LQQHQ EHL ,QWHUDNWLRQ PLW VROFKHQ 6\VWHPHQ� QRWZHQGLJ VLQG� VROOWH LQ GLH PHGL]LQLVFKH

$XV� XQG :HLWHUELOGXQJ EHUHLWV KHXWH PLW DXIJHQRPPHQ ZHUGHQ >�����@� 'HQQ GLH

6WHLJHUXQJ GHU GLJLWDOHQ .RPSHWHQ] GHV .UDQNHQKDXVSHUVRQDOV HUP|JOLFKW HLQH QDFKKDOWLJH

XQG VLQQYROOH ,PSOHPHQWLHUXQJ QHXDUWLJHU 7HFKQRORJLHQ� GLH NRQVHNXWLY ]X HLQHP 0HKUZHUW

LQ�GHU�*HVXQGKHLWVYHUVRUJXQJ�I�KUHQ�

8QVHU =LHO LVW QLFKW HWZD GDV .UDQNHQKDXV GHU =XNXQIW� XQVHU =LHO LVW GHU :HJ GRUWKLQ� 8QG

GDPLW EHILQGHQ ZLU XQV LQ HLQHU NRQWLQXLHUOLFKHQ 5HYROXWLRQ I�U 1HXHV� (VVHQ]LHOO I�U HLQHQ

QDFKKDOWLJ KRKHQ ,QQRYDWLRQVJUDG LQQHUKDOE HLQHV .UDQNHQKDXVHV VLQG HWDEOLHUWH ]HQWUDOH

(LQKHLWHQ X��D� I�U 8VDELOLW\� ,QWHURSHUDELOLWlW XQG ,PSOHPHQWLHUXQJ� $OOH 1XW]HQGHQ DXV GHU

.OLQLN P�VVHQ GD]X EHIlKLJW ZHUGHQ� VLFK �EHU HLQH NOLQLVFKH )UHLVWHOOXQJ SDUWL]LSDWLY DQ GHU

,PSOHPHQWLHUXQJ QHXDUWLJHU 7HFKQRORJLHQ HLQEULQJHQ ]X N|QQHQ� 1XU GDPLW HUUHLFKHQ ZLU�

GDVV GXUFK GLH 'LJLWDOLVLHUXQJ QLFKW QXU $QDORJHV LQ 'LJLWDOHV �EHUVHW]W ZLUG� VRQGHUQ HLQH

7UDQVIRUPDWLRQ�GHV�*HVXQGKHLWVZHVHQV�PLW�QHXHQ�3URGXNWHQ�XQG�3UR]HVVHQ�EHZLUNW�ZLUG�
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�� =XVDPPHQIDVVXQJ

'LH ,PSOHPHQWLHUXQJ YRQ 6\VWHPHQ ]XU hEHUZDFKXQJ GHU 9LWDOSDUDPHWHU YRQ 3DWLHQW�LQQHQ

DXI GHU ,76 NRQQWH GLH 3DWLHQWHQVLFKHUKHLW LQ GHU ,QWHQVLYPHGL]LQ VLJQLILNDQW HUK|KHQ� 6HLW

(QGH GHU ����HU -DKUH VWHOOW GDV 0RQLWRULQJ QHEHQ GHU NOLQLVFKHQ 8QWHUVXFKXQJ YRQ

3DWLHQW�LQQHQ DXI GHU ,76 HLQHQ ZHVHQWOLFKHQ %HVWDQGWHLO GHU LQWHQVLYPHGL]LQLVFKHQ

9HUVRUJXQJ GDU XQG LVW VHLW ���� LQ GLYHUVHQ /HLWOLQLHQ DXIJHQRPPHQ ZRUGHQ� 7URW]

LQQRYDWLYHU )RUWVFKULWWH LP %HUHLFK GHU 0HGL]LQ� ,QIRUPDWLN XQG 6LJQDOYHUDUEHLWXQJ NRQQWHQ

QHXHUH $QVlW]H MHGRFK QXU XQ]XUHLFKHQG LQ GLH NOLQLVFKH 5RXWLQH WUDQVODWLHUW ZHUGHQ� 'LHVH

+DELOLWDWLRQVVFKULIW IRNXVVLHUW VLFK GDKHU GDUDXI� ZHOFKH $VSHNWH GHV DNWXHOOHQ

3DWLHQWHQPRQLWRULQJV DXV 6LFKW GHU 1XW]HU�LQQHQ DXI GHU ,76 VLFKHUKHLWVUHOHYDQWH 'HIL]LWH

DXIZHLVHQ XQG ZLH GLH 3DWLHQWHQVLFKHUKHLW GXUFK 8PVHW]XQJ VSH]LILVFKHU 0D�QDKPHQ

HUK|KW�ZHUGHQ�NDQQ�

,P 5DKPHQ HLQHU TXDOLWDWLYHQ ,QWHUYLHZVWXGLH XQG HLQHU TXDQWLWDWLYHQ %HIUDJXQJ PLWWHOV

2QOLQH�)UDJHERJHQ �2ULJLQDODUEHLW � XQG �� NRQQWH GHU 6WDWXV TXR GHV 3DWLHQWHQPRQLWRULQJV

HYDOXLHUW ZHUGHQ� +LHUEHL ]HLJWHQ VLFK I�QI UHOHYDQWH $QJULIIVSXQNWH I�U HLQH (UK|KXQJ GHU

3DWLHQWHQVLFKHUKHLW� 5HGXNWLRQ GHU IDOVFK SRVLWLYHQ $ODUPH� ,PSOHPHQWLHUXQJ HLQHV

NUDQNHQKDXVZHLWHQ $ODUPPDQDJHPHQW�6WDQGDUGV� (LQI�KUXQJ YRQ NDEHOORVHQ 6HQVRUHQ�

(LQI�KUXQJ YRQ .,�DXJPHQWLHUWHQ NOLQLVFKHQ (QWVFKHLGXQJVV\VWHPHQ PLW HLQHU KRKHQ

%HQXW]HUIUHXQGOLFKNHLW XQG ,QWHURSHUDELOLWlW VRZLH GLH (UK|KXQJ GHU GLJLWDOHQ .RPSHWHQ] GHV

3HUVRQDOV�

$XIEDXHQG DXI GHQ (UJHEQLVVHQ DXV GHQ HUVWHQ EHLGHQ $UEHLWHQ ZXUGH LQ 2UJLQDODUEHLW � HLQ

GDWHQJHVW�W]WHU $QVDW] GHV $ODUPPDQDJHPHQWV HQWZLFNHOW� PLW GHP GLH $ODUPODVW DXI HLQHU

,76 DQKDQG HLQHU GHVNULSWLYHQ $ODUPGDWHQDQDO\VH TXDQWLIL]LHUW XQG VRPLW GLH :LUNXQJ YRQ

,QWHUYHQWLRQHQ JHPHVVHQ ZHUGHQ NDQQ� 'LH SXEOL]LHUWH 'R�LW�\RXUVHOI�$QOHLWXQJ NDQQ YRQ

WHFKQLVFK YHUVLHUWHQ 3IOHJHNUlIWHQ XQG bU]W�LQQHQ JHQXW]W ZHUGHQ XQG ELHWHW GLH *UXQGODJH

I�U HLQ ]LHOJHULFKWHWHV XQG IRNXVVLHUWHV $ODUPPDQDJHPHQW� ,Q 2ULJLQDODUEHLW � ZXUGH GXUFK

GDV ,76�3HUVRQDO HLQH KRKH %HQXW]HUIUHXQGOLFKNHLW YRQ 3DWLHQWHQPRQLWRULQJJHUlWHQ DOV

HVVHQ]LHOO HLQJHVWXIW� 'DUDQ RULHQWLHUHQG ZXUGH LQ 2ULJLQDODUEHLW � GXUFK GLH SDUWL]LSDWLYH

(LQEH]LHKXQJ GHU 1XW]HU�LQQHQ LP 5DKPHQ HLQHV +XPDQ�FHQWHUHG�'HVLJQ �+&'��$QVDW]HV

HLQ 7KLQN�$ORXG�3URWRNROO DQJHZHQGHW XQG GDPLW GLH %HQXW]HUIUHXQGOLFKNHLW HLQHU

6RIWZDUHREHUIOlFKH HLQHV 3DWLHQWHQIHUQ�EHUZDFKXQJVV\VWHPV VLJQLILNDQW YHUEHVVHUW� 'HU

(LQVDW] YRQ +&'�0HWKRGHQ YRU GHU ,PSOHPHQWLHUXQJ WHFKQLVFKHU *HUlWH DXI GHU ,76 N|QQWH

VLFKHUVWHOOHQ� GDVV GLHVH *HUlWH HIIL]LHQWH XQG HIIHNWLYH $UEHLWVDEOlXIH XQWHUVW�W]HQ XQG

NHLQH +LQGHUQLVVH GDUVWHOOHQ� 'LHVHU VLFKHUKHLWVUHOHYDQWH $VSHNW ZXUGH HEHQIDOOV LQ GHQ
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HQWZLFNHOWHQ /HLWIDGHQ I�U GLH ,PSOHPHQWLHUXQJ YRQ GLJLWDOHQ 7HFKQRORJLHQ LQ GLH

LQWHQVLYPHGL]LQLVFKH 5RXWLQH �2ULJLQDODUEHLW �� PLW DXIJHQRPPHQ� +LHUEHL ZXUGH HLQ

K\EULGHU TXDOLWDWLYHU $QVDW] PLW LQGXNWLYHQ XQG GHGXNWLYHQ (OHPHQWHQ YHUIROJW XQG GLH

EHVWHKHQGHQ 6WUXNWXUHQ GHV &RQVROLGDWHG )UDPHZRUN IRU ,PSOHPHQWDWLRQ 5HVHDUFK �&),5�

XQG GHU ([SHUW 5HFRPPHQGDWLRQV IRU ,PSOHPHQWLQJ &KDQJH �(5,&� JHQXW]W� 'HU HQWZLFNHOWH

/HLWIDGHQ VROOWH ,PSOHPHQWLHUXQJVYRUKDEHQ DXI GHU ,76 XQWHUVW�W]HQ XQG N|QQWH

SHUVSHNWLYLVFK�DXI�GHQ�%HUHLFK�GHU�1RUPDOVWDWLRQ�DGDSWLHUW�ZHUGHQ�

=XVDPPHQIDVVHQG LVW IHVW]XVWHOOHQ� GDVV GXUFK GLH YRUOLHJHQGHQ $UEHLWHQ GLYHUVH

VLFKHUKHLWVUHOHYDQWH $VSHNWH GHV 3DWLHQWHQPRQLWRULQJV DXV 6LFKW GHU 1XW]HQGHQ LGHQWLIL]LHUW

ZXUGHQ XQG GLH HQWZLFNHOWHQ 0D�QDKPHQ LQ GHQ %HUHLFKHQ $ODUPPDQDJHPHQW�

%HQXW]HUIUHXQGOLFKNHLW XQG ,PSOHPHQWLHUXQJVZLVVHQVFKDIW PD�JHEOLFK ]X HLQHU K|KHUHQ

3DWLHQWHQVLFKHUKHLW LQ GHU .UDQNHQYHUVRUJXQJ EHLWUDJHQ N|QQHQ� (QWVFKHLGHQG I�U GLH

:HLWHUHQWZLFNOXQJ GHU GDWHQJHWULHEHQHQ SHUVRQDOLVLHUWHQ 0HGL]LQ LVW GDV

3DWLHQWHQPRQLWRULQJ� VRGDVV GLHVH (UNHQQWQLVVH GDU�EHU KLQDXV GLH GLJLWDOH 7UDQVIRUPDWLRQ

GHV�*HVXQGKHLWVZHVHQV�YRUDQWUHLEHQ�N|QQHQ�

97



�� /LWHUDWXUDQJDEHQ
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�� $O*KDWULI�0��/LQGVD\�-��$�EULHI�UHYLHZ��KLVWRU\�WR�XQGHUVWDQG�IXQGDPHQWDOV�RI

HOHFWURFDUGLRJUDSK\��-�&RPPXQLW\�+RVS�,QWHUQ�0HG�3HUVSHFW������$SU
����������������MFKLPS�Y�L���������30,'���������

�� *ROGVWLQH�++��*ROGVWLQH�$��7KH�(OHFWURQLF�1XPHULFDO�,QWHJUDWRU�DQG�&RPSXWHU
�(1,$&���,(((�$QQ�+LVW�&RPSXW��������������±����>GRL�������������������@

�� 5HGGLQJ�-6��5XVFLDQR�(��$�0LQLDWXUH�(OHFWURFDUGLRJUDSKLF�2VFLOORVFRSH��$QHVWK�$QDOJ
�����'HF����������±����

��� -HQVHQ�5(��6KXELQ�+��0HDJKHU�3)��:HLO�0+��2Q�OLQH�FRPSXWHU�PRQLWRULQJ�RI�WKH
VHULRXVO\�LOO�SDWLHQW��0HG�%LRO�(QJ������0D\�����������±�����>GRL�
��������%)��������@

��� 5DLVRQ�-&$��%HDXPRQW�-2��5XVVHOO�-$*��2VERUQ�--��*HUERGH�)��$ODUPV�LQ�DQ�LQWHQVLYH
FDUH�XQLW��DQ�LQWHULP�FRPSURPLVH��&RPSXW�%LRPHG�5HV������-XQ�����������±�����>GRL�
����������������������������@

��� 1LFRODL�/��hEHU�6LFKWEDUPDFKXQJ��9HUODXI�XQG�FKHPLVFKH�.LQHWLN�GHU
2[\KlPRJORELQUHGXNWLRQ�LP�OHEHQGHQ�*HZHEH��EHVRQGHUV�LQ�GHU�PHQVFKOLFKHQ�+DXW�
3IO�J�$UFK�)�U�*HVDPWH�3K\VLRO�0HQVFKHQ�7LHUH������'HF�������������±�����>GRL�
��������%)��������@

��� .UDPHU�.��(LQ�9HUIDKUHQ�]XU�IRUWODXIHQGHQ�0HVVXQJ�GHV�6DXHUVWRIIJHKDOWHV�LP
VWU|PHQGHQ�%OXWH�DQ�XQHU|IIQHWHQ�*HIl�HQ��8UEDQ�	�6FKZDU]HQEHUJ�������

��� 0DWWKHV�.��8QWHUVXFKXQJHQ��EHU�GLH�6DXHUVWRIIVlWWLJXQJ�GHV�PHQVFKOLFKHQ
$UWHULHQEOXWHV��1DXQ\Q�6FKPLHGHEHUJV�$UFK�)�U�([S�3DWKRO�3KDUPDNRO������1RY
������������±�����>GRL����������%)��������@

��� *LOPRUH�+5��+DPLOWRQ�0��.RSHOPDQ�+��6RPPHU�/6��7+(�($5�2;,0(7(5��,76�86(
&/,1,&$//<�$1'�,1�7+(�'(7(50,1$7,21�2)�&$5',$&�287387��+HDUW������-XO
�����������±�����>GRL����������KUW���������@

��� $R\DJL�7��.LVKL�0��<DPDJXFKL�.��1DNDMLPD�6��+LUDL�+��7DNDVH�+��.XVH�$��1HZ
SXOVHG�W\SH�HDUSLHFH�R[LPHWHU��DXWKRU¶V�WUDQVO���.RN\X�-XQNDQ������������±���

��� <RVKL\D�,��6KLPDGD�<��7DQDND�.��6SHFWURSKRWRPHWULF�PRQLWRULQJ�RI�DUWHULDO�R[\JHQ
VDWXUDWLRQ�LQ�WKH�ILQJHUWLS��0HG�%LRO�(QJ�&RPSXW������-DQ�����������±����>GRL�
��������%)��������@

��� 3RXU�*KD]�,��0DQROXNDV�7��)RUD\�1��5DMD�-��5DZDO�$��,EHEXRJX�81��.KRX]DP�51�
$FFXUDF\�RI�QRQ�LQYDVLYH�DQG�PLQLPDOO\�LQYDVLYH�KHPRG\QDPLF�PRQLWRULQJ��ZKHUH�GR
ZH�VWDQG"�$QQ�7UDQVO�0HG������6HS������������30,'���������

��� %UDXQ�-��3UHXVV�5��.OLQLNOHLWIDGHQ�,QWHQVLYPHGL]LQ���-|UJ�%UDXQ�DQG�5RODQG�3UHXVV��KJ�
0�QFKHQ��(OVHYLHU�������

��� 6DQGKDP�-'��+XOO�5'��%UDQW�5)��.QR[�/��3LQHR�*)��'RLJ�&-��/DSRUWD�'3��9LQHU�6�
3DVVHULQL�/��'HYLWW�+��.LUE\�$��-DFND�0��&DQDGLDQ�&ULWLFDO�&DUH�&OLQLFDO�7ULDOV�*URXS��$
UDQGRPL]HG��FRQWUROOHG�WULDO�RI�WKH�XVH�RI�SXOPRQDU\�DUWHU\�FDWKHWHUV�LQ�KLJK�ULVN
VXUJLFDO�SDWLHQWV��1�(QJO�-�0HG������-DQ�����������±����30,'���������

��� 7KH�(6&$3(�,QYHVWLJDWRUV�DQG�(6&$3(�6WXG\�&RRUGLQDWRUV��(YDOXDWLRQ�6WXG\�RI
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��� 0RQQHW�;��7HERXO�-�/��7UDQVSXOPRQDU\�WKHUPRGLOXWLRQ��DGYDQWDJHV�DQG�OLPLWV��&ULW�&DUH
�����-XQ���������������>GRL����������V����������������@

��� <DPDGD�7��9DFDV�6��*ULFRXUW�<��&DQQHVVRQ�0��,PSURYLQJ�3HULRSHUDWLYH�2XWFRPHV
7KURXJK�0LQLPDOO\�,QYDVLYH�DQG�1RQ�LQYDVLYH�+HPRG\QDPLF�0RQLWRULQJ�7HFKQLTXHV�
)URQW�0HG�������������>GRL����������IPHG�����������@

��� 7DND\DQDJL�<��.RLNH�$��.XERWD�+��:X�/��1LVKL�,��6DWR�$��$RQXPD�.��.DZDNDPL�<��,HGD
0��3XOVH�ZDYH�WUDQVLW�WLPH�GXULQJ�H[HUFLVH�WHVWLQJ�UHIOHFWV�WKH�VHYHULW\�RI�KHDUW�GLVHDVH
LQ�FDUGLDF�SDWLHQWV��'UXJ�'LVFRY�7KHU������0DU�����������±����30,'���������

��� 9,602�6HULHV�>,QWHUQHW@��1LKRQ�.RKGHQ�(XU�������>FLWHG������2FW���@��$YDLODEOH�IURP�
KWWSV���HX�QLKRQNRKGHQ�FRP�HQ�SURGXFWV�SDWLHQWPRQLWRULQJ�YLVPR�KWPO

��� <DPDGD�7��7VXWVXL�0��6XJR�<��6DWR�7��$ND]DZD�7��6DWR�1��<DPDVKLWD�.��,VKLKDUD�+�
7DNHGD�-��0XOWLFHQWHU�VWXG\�YHULI\LQJ�D�PHWKRG�RI�QRQLQYDVLYH�FRQWLQXRXV�FDUGLDF
RXWSXW�PHDVXUHPHQW�XVLQJ�SXOVH�ZDYH�WUDQVLW�WLPH��D�FRPSDULVRQ�ZLWK�LQWHUPLWWHQW
EROXV�WKHUPRGLOXWLRQ�FDUGLDF�RXWSXW��$QHVWK�$QDOJ������-XO����������±���
30,'���������

��� )XQFNH�6��6DQGHU�0��*RHSIHUW�06��*URHVGRQN�+��+HULQJODNH�0��+LUVFK�-��.OXJH�6�
.UHQQ�&��0DJJLRULQL�0��0H\ERKP�3��6DO]ZHGHO�&��6DXJHO�%��:DJHQSIHLO�*��:DJHQSIHLO
6��5HXWHU�'$��,QYHVWLJDWRUV�,�&��3UDFWLFH�RI�KHPRG\QDPLF�PRQLWRULQJ�DQG�PDQDJHPHQW
LQ�*HUPDQ��$XVWULDQ��DQG�6ZLVV�LQWHQVLYH�FDUH�XQLWV��WKH�PXOWLFHQWHU�FURVV�VHFWLRQDO
,&8�&DUGLR0DQ�6WXG\��$11�,17(16,9(�&$5(�>,QWHUQHW@�6SULQJHU�9HUODJ�*PE+�DQG
&R��.*�������'HF�>FLWHG������6HS���@����30,'���������

��� -DQVVHQV�8��:HUGDQ�.��(UIRUGHUOLFKHV�0RQLWRULQJ�DXI�GHU�,QWHQVLYVWDWLRQ��+HU]
.DUGLRYDVNXOlUH�(UNUDQN������1RY����������±�����>GRL����������V����������������@

��� (QGRUVHG�E\�WKH�(XURSHDQ�6RFLHW\�RI�,QWHQVLYH�&DUH�0HGLFLQH��([HFXWLYH�VXPPDU\�RI
WKH�JXLGHOLQHV�RQ�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�DFXWH�KHDUW�IDLOXUH��7KH�7DVN�)RUFH�RQ
$FXWH�+HDUW�)DLOXUH�RI�WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\��(XU�+HDUW�-������-DQ
������������±�����>GRL����������HXUKHDUWM�HKL���@

��� 0HOOLQ�2OVHQ�-��6WDHQGHU�6��:KLWDNHU�'.��6PLWK�$)��7KH�+HOVLQNL�'HFODUDWLRQ�RQ
3DWLHQW�6DIHW\�LQ�$QDHVWKHVLRORJ\��(XU�-�$QDHVWKHVLRO������-XO����������±����
30,'���������

��� 0RUHQR�53��5KRGHV�$��'RQFKLQ�<��3DWLHQW�VDIHW\�LQ�LQWHQVLYH�FDUH�PHGLFLQH��WKH
'HFODUDWLRQ�RI�9LHQQD��,QWHQVLYH�&DUH�0HG������2FW������������±�����
30,'���������

��� ,(&�����������������HQ���0HGLFDO�HOHFWULFDO�HTXLSPHQW�²�3DUW�������*HQHUDO
UHTXLUHPHQWV�IRU�EDVLF�VDIHW\�DQG�HVVHQWLDO�SHUIRUPDQFH�²�&ROODWHUDO�VWDQGDUG�
5HTXLUHPHQWV�IRU�PHGLFDO�HOHFWULFDO�HTXLSPHQW�DQG�PHGLFDO�HOHFWULFDO�V\VWHPV�XVHG�LQ
WKH�KRPH�KHDOWKFDUH�HQYLURQPHQW�>,QWHUQHW@��>FLWHG������6HS���@��$YDLODEOH�IURP�
KWWSV���ZZZ�LVR�RUJ�RES�XL��LVR�VWG�LHF�������������HG���Y��HQ

��� ,(&��������������HQ���$SSOLFDWLRQ�RI�ULVN�PDQDJHPHQW�IRU�,7�QHWZRUNV�LQFRUSRUDWLQJ
PHGLFDO�GHYLFHV�²�3DUW����5ROHV��UHVSRQVLELOLWLHV�DQG�DFWLYLWLHV�>,QWHUQHW@��>FLWHG�����
6HS���@��$YDLODEOH�IURP�
KWWSV���GJVP�LVROXWLRQV�LVR�RUJ�RES�XL�LVR�VWG�LHF����������HG���Y��HQ

��� .LSQLV�(��5DPVLQJK�'��%KDUJDYD�0��'LQFHU�(��&DQQHVVRQ�0��%URFFDUG�$��9DOOHW�%�
%HQGMHOLG�.��7KLEDXOW�5��0RQLWRULQJ�LQ�WKH�,QWHQVLYH�&DUH��&ULW�&DUH�5HV�3UDFW
�����������±����>GRL���������������������@
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��� &RRSHU�-%��1HZERZHU�56��.LW]�5-��$Q�DQDO\VLV�RI�PDMRU�HUURUV�DQG�HTXLSPHQW�IDLOXUHV
LQ�DQHVWKHVLD�PDQDJHPHQW��FRQVLGHUDWLRQV�IRU�SUHYHQWLRQ�DQG�GHWHFWLRQ�
$QHVWKHVLRORJ\������-DQ���������±����30,'��������

��� /RHE�5*��$�0HDVXUH�RI�,QWUDRSHUDWLYH�$WWHQWLRQ�WR�0RQLWRU�'LVSOD\V��$QHVWK�$QDOJ
�����)HE����������±����

��� 6FKPLG�)��*RHSIHUW�06��5HXWHU�'$��3DWLHQW�PRQLWRULQJ�DODUPV�LQ�WKH�,&8�DQG�LQ�WKH
RSHUDWLQJ�URRP���������

��� $GHO�$��$ZDGD�:��$EGHOKDPLG�%��2PDU�+��$EG�(O�'D\HP�2��+DVDQLQ�$��5DG\�$�
$FFXUDF\�DQG�WUHQGLQJ�RI�QRQ�LQYDVLYH�KHPRJORELQ�PHDVXUHPHQW�GXULQJ�GLIIHUHQW
YROXPH�DQG�SHUIXVLRQ�VWDWXVHV��-�&OLQ�0RQLW�&RPSXW������'HF�������������±�����
>GRL����������V���������������]@

��� )UDVFD�'��'DK\RW�)L]HOLHU�&��&DWKHULQH�.��/HYUDW�4��'HEDHQH�%��0LPR]�2��$FFXUDF\�RI
D�FRQWLQXRXV�QRQLQYDVLYH�KHPRJORELQ�PRQLWRU�LQ�LQWHQVLYH�FDUH�XQLW�SDWLHQWV��&ULW�&DUH
0HG������2FW������������±������>GRL����������&&0��E���H�������H�G@

��� -RVHSK�%��+DLGHU�$��5KHH�3��1RQ�LQYDVLYH�KHPRJORELQ�PRQLWRULQJ��,QW�-�6XUJ������6HS
��������±�����>GRL����������M�LMVX������������@

��� .ULQVOH\�-6��&KDVH�-*��*XQVW�-��0DUWHQVVRQ�-��6FKXOW]�0-��7DFFRQH�)6��:HUQHUPDQ�-�
%RKH�-��'H�%ORFN�&��'HVDLYH�7��.DOIRQ�3��3UHLVHU�-�&��&RQWLQXRXV�JOXFRVH�PRQLWRULQJ�LQ
WKH�,&8��FOLQLFDO�FRQVLGHUDWLRQV�DQG�FRQVHQVXV��&ULW�&DUH������-XO���������������>GRL�
��������V����������������@

��� 3UHLVHU�-�&��/KHXUHX[�2��7KRRIW�$��%ULPLRXOOH�6��*ROGVWHLQ�-��9LQFHQW�-�/�
1HDU�&RQWLQXRXV�*OXFRVH�0RQLWRULQJ�0DNHV�*O\FHPLF�&RQWURO�6DIHU�LQ�,&8�3DWLHQWV�
&ULW�&DUH�0HG������$XJ�����������±������>GRL����������&&0�����������������@

��� 6KDPLU�0<��.DSODQ�/��0DUDQV�56��:LOOQHU�'��.OHLQ�<��8ULQH�)ORZ�,V�D�1RYHO
+HPRG\QDPLF�0RQLWRULQJ�7RRO�IRU�WKH�'HWHFWLRQ�RI�+\SRYROHPLD��$QHVWK�$QDOJ�����
0DU�����������±�����>GRL����������$1(��E���H�����DG�HI@

��� *XLQHPHU�&��%RHNHU�0��)�UVWHQDX�'��3RQFHWWH�$�6��:HLVV�%��0|UJHOL�5��%DO]HU�)�
7HOHPHGLFLQH�LQ�,QWHQVLYH�&DUH�8QLWV��6FRSLQJ�5HYLHZ��-�0HG�,QWHUQHW�5HV������1RY
���������H�������30,'���������

��� $UPDLJQDF�'/��6D[HQD�$��5XEHQV�0��9DOOH�&$��:LOOLDPV�/�06��9HOHGDU�(��*LGHO�/7�
,PSDFW�RI�7HOHPHGLFLQH�RQ�0RUWDOLW\��/HQJWK�RI�6WD\��DQG�&RVW�$PRQJ�3DWLHQWV�LQ
3URJUHVVLYH�&DUH�8QLWV��([SHULHQFH�)URP�D�/DUJH�+HDOWKFDUH�6\VWHP��&ULW�&DUH�0HG
�����0D\����������±�����30,'���������

��� 0LFKDUG�)��+HPRG\QDPLF�PRQLWRULQJ�LQ�WKH�HUD�RI�GLJLWDO�KHDOWK��$QQ�,QWHQVLYH�&DUH
�����'HF�������>GRL����������V����������������@

��� 'UHZV�)$��3DWLHQW�0RQLWRUV�LQ�&ULWLFDO�&DUH��/HVVRQV�IRU�,PSURYHPHQW��,Q��+HQULNVHQ�.�
%DWWOHV�-%��.H\HV�0$��*UDG\�0/��HGLWRUV��$GY�3DWLHQW�6DI�1HZ�'LU�$OWHUQ�$SSURDFKHV
9RO���3HUIRUP�7RROV�>,QWHUQHW@�5RFNYLOOH��0'���$JHQF\�IRU�+HDOWKFDUH�5HVHDUFK�DQG
4XDOLW\��86���������30,'���������

��� 7KRPDV�/-��%ODLQH�*-��*HUWK�9:��+DJHQ�5:��&RQWLQXRXV�0RQLWRULQJ�RI�3K\VLRORJLF
9DULDEOHV�ZLWK�D�'HGLFDWHG�0LQLFRPSXWHU��&RPSXWHU������-XO��������±����>GRL�
��������&�0������������@

��� 7KLHO�5��'HLPHO�/��6FKPLGWPDQQ�'��3LHVFKH�.��+�VLQJ�7��5HQQRFK�-��6WURHWPDQQ�9�
6WURHWPDQQ�.���6PDUW+HDOWK6\VWHPV���,QWHUQDWLRQDO�FRPSDULVRQ�RI�GLJLWDO�VWUDWHJLHV
>,QWHUQHW@��*�WHUVORK��*HUPDQ\��%HUWHOVPDQQ�6WLIWXQJ��������$YDLODEOH�IURP�
KWWSV���ZZZ�EHUWHOVPDQQ�VWLIWXQJ�GH�ILOHDGPLQ�ILOHV�3URMHNWH�'HUBGLJLWDOHB3DWLHQW�99B6
+6�6WXGLHB(1�SGI

��� .UDQNHQKDXV]XNXQIWVJHVHW]��.+=*��>,QWHUQHW@��>FLWHG������0DU���@��$YDLODEOH�IURP�
KWWSV���ZZZ�EXQGHVJHVXQGKHLWVPLQLVWHULXP�GH�NUDQNHQKDXV]XNXQIWVJHVHW]�KWPO

��� 0|OOHU�7��'XUFKEUXFK�.+=*"�±�'DV�.UDQNHQKDXV]XNXQIWVJHVHW]�YRU�GHP�+LQWHUJUXQG
VWUDWHJLVFKHU�$QVlW]H�]XU�'LJLWDOLVLHUXQJ�GHU��NOLQLVFKHQ��9HUVRUJXQJ�LQ�6FKZHGHQ�XQG
'lQHPDUN��,Q��*ULQEODW�5��(WWHUHU�'��3OXJPDQQ�3��HGLWRUV��,QQRY�,P�*HVXQGKHLWVZHVHQ
5HFKWO�gNRQ�5DKPHQEHGLQJXQJHQ�3RWHQWLDOH�>,QWHUQHW@�:LHVEDGHQ��6SULQJHU
)DFKPHGLHQ�������>FLWHG������-XO���@��S�����±�����>GRL���������������������������B�@
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��� %DFK�7$��%HUJOXQG�/�0��7XUN�(��0DQDJLQJ�DODUP�V\VWHPV�IRU�TXDOLW\�DQG�VDIHW\�LQ�WKH
KRVSLWDO�VHWWLQJ��%0-�2SHQ�4XDO������-XO��������H��������>GRL�
��������EPMRT������������@

��� &YDFK�0��0RQLWRU�$ODUP�)DWLJXH��$Q�,QWHJUDWLYH�5HYLHZ��%LRPHG�,QVWUXP�7HFKQRO�����
-XO������������±�����>GRL����������������������������@

��� *UDKDP�.&��&YDFK�0��0RQLWRU�$ODUP�)DWLJXH��6WDQGDUGL]LQJ�8VH�RI�3K\VLRORJLFDO
0RQLWRUV�DQG�'HFUHDVLQJ�1XLVDQFH�$ODUPV��$P�-�&ULW�&DUH������-DQ�����������±���
>GRL����������DMFF�������@

��� &RVSHU�3��=HOOLQJHU�0��(QHER�$��-DFTXHV�6��5D]]DQR�/��)ODFN�01��,PSURYLQJ�&OLQLFDO
$ODUP�0DQDJHPHQW��*XLGDQFH�DQG�6WUDWHJLHV��%LRPHG�,QVWUXP�7HFKQRO�����
0DU����������±�����>GRL����������������������������@

��� :LONHQ�0��+�VNH�.UDXV�'��5|KULJ�5��$ODUP�)DWLJXH��8VLQJ�$ODUP�'DWD�IURP�D�3DWLHQW
'DWD�0RQLWRULQJ�6\VWHP�RQ�DQ�,QWHQVLYH�&DUH�8QLW�WR�,PSURYH�WKH�$ODUP�0DQDJHPHQW�
6WXG�+HDOWK�7HFKQRO�,QIRUP���������±�����>GRL����������6+7,������@

��� 3&'�3URILOH�5RVHWWD�7HUPLQRORJ\�0DSSLQJ�2YHUYLHZ���,+(�:LNL�>,QWHUQHW@��>FLWHG�����
)HE��@��$YDLODEOH�IURP�
KWWSV���ZLNL�LKH�QHW�LQGH[�SKS�3&'B3URILOHB5RVHWWDB7HUPLQRORJ\B0DSSLQJB2YHUYLHZ

��� 3UJRPHW�0��&DUGRQD�0RUUHOO�0��1LFKROVRQ�0��/DNH�5��/RQJ�-��:HVWEURRN�-��%UDLWKZDLWH
-��+LOOPDQ�.��9LWDO�VLJQV�PRQLWRULQJ�RQ�JHQHUDO�ZDUGV��FOLQLFDO�VWDII�SHUFHSWLRQV�RI
FXUUHQW�SUDFWLFHV�DQG�WKH�SODQQHG�LQWURGXFWLRQ�RI�FRQWLQXRXV�PRQLWRULQJ�WHFKQRORJ\��,QW
-�4XDO�+HDOWK�&DUH������6HS������������±�����>GRL����������LQWTKF�P]Z���@

��� 'DPVFKURGHU�/-��$URQ�'&��.HLWK�5(��.LUVK�65��$OH[DQGHU�-$��/RZHU\�-&��)RVWHULQJ
LPSOHPHQWDWLRQ�RI�KHDOWK�VHUYLFHV�UHVHDUFK�ILQGLQJV�LQWR�SUDFWLFH��D�FRQVROLGDWHG
IUDPHZRUN�IRU�DGYDQFLQJ�LPSOHPHQWDWLRQ�VFLHQFH��,PSOHPHQW�6FL������$XJ�����������
>GRL������������������������@

��� /HKQH�0��6DVV�-��(VVHQZDQJHU�$��6FKHSHUV�-��7KXQ�6��:K\�GLJLWDO�PHGLFLQH�GHSHQGV
RQ�LQWHURSHUDELOLW\��13-�'LJLW�0HG�1DWXUH�3XEOLVKLQJ�*URXS�������������±��

��� *ULW]DOLV�'$��(QKDQFLQJ�VHFXULW\�DQG�LPSURYLQJ�LQWHURSHUDELOLW\�LQ�KHDOWKFDUH
LQIRUPDWLRQ�V\VWHPV��0HG�,QIRUP��/RQG��7D\ORU�	�)UDQFLV�������-DQ������������±����
>GRL���������������������������@

��� *HVXQGKHLWV�,7�,QWHURSHUDELOLWlWV�*RYHUQDQFH�9HURUGQXQJ��*,*9��>,QWHUQHW@��>FLWHG
�����-XQ��@��$YDLODEOH�IURP�
KWWSV���ZZZ�EXQGHVJHVXQGKHLWVPLQLVWHULXP�GH�VHUYLFH�JHVHW]H�XQG�YHURUGQXQJHQ�JXY�
���OS�JLJY�KWPO

��� 'DV�,QWHURS�&RXQFLO�KDW�VHLQH�SUDNWLVFKH�$UEHLW�DXIJHQRPPHQ�_�*HPDWLN�>,QWHUQHW@�
>FLWHG������-XQ��@��$YDLODEOH�IURP�
KWWSV���ZZZ�JHPDWLN�GH�QHZVURRP�QHZV�GHWDLO�GDV�LQWHURS�FRXQFLO�KDW�VHLQH�SUDNWLVFKH
�DUEHLW�DXIJHQRPPHQ

��� 1DWLRQDO�(DUO\�:DUQLQJ�6FRUH��1(:6����_�5&3�/RQGRQ�>,QWHUQHW@��>FLWHG������-DQ���@�
$YDLODEOH�IURP�
KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWSV���ZZZ�UFSORQGRQ�DF�XN�SURMHFWV�RXW
SXWV�QDWLRQDO�HDUO\�ZDUQLQJ�VFRUH�QHZV��

��� &HOL�/$��&LWL�/��*KDVVHPL�0��3ROODUG�7-��7KH�3/26�21(�FROOHFWLRQ�RQ�PDFKLQH�OHDUQLQJ
LQ�KHDOWK�DQG�ELRPHGLFLQH��7RZDUGV�RSHQ�FRGH�DQG�RSHQ�GDWD��3/26�21(������-DQ
���������H���������>GRL����������MRXUQDO�SRQH��������@

��� 0,7�&ULWLFDO�'DWD��6HFRQGDU\�$QDO\VLV�RI�(OHFWURQLF�+HDOWK�5HFRUGV�>,QWHUQHW@��&KDP�
6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ�������>FLWHG������0DU���@��>GRL�
�������������������������@,6%1������������������

��� 9ULHV�(1�GH��5DPUDWWDQ�0$��6PRUHQEXUJ�60��*RXPD�'-��%RHUPHHVWHU�0$��7KH
LQFLGHQFH�DQG�QDWXUH�RI�LQ�KRVSLWDO�DGYHUVH�HYHQWV��D�V\VWHPDWLF�UHYLHZ��%0-�4XDO�6DI
%0-�3XEOLVKLQJ�*URXS�/WG�������-XQ������������±�����>GRL�
��������TVKF������������@

��� .KDQQD�$.��+RSSH�3��6DXJHO�%��$XWRPDWHG�FRQWLQXRXV�QRQLQYDVLYH�ZDUG�PRQLWRULQJ�
IXWXUH�GLUHFWLRQV�DQG�FKDOOHQJHV��&ULW�&DUH������0D\���������������>GRL�
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��������V����������������@
��� 6XQ�/��-RVKL�0��.KDQ�61��$VKUDILDQ�+��'DU]L�$��&OLQLFDO�LPSDFW�RI�PXOWL�SDUDPHWHU

FRQWLQXRXV�QRQ�LQYDVLYH�PRQLWRULQJ�LQ�KRVSLWDO�ZDUGV��D�V\VWHPDWLF�UHYLHZ�DQG
PHWD�DQDO\VLV��-�5�6RF�0HG�6$*(�3XEOLFDWLRQV�������-XQ�������������±�����>GRL�
������������������������@

��� 'RZQH\�&��5DQGHOO�5��%URZQ�-��-D\QH�'*��&RQWLQXRXV�9HUVXV�,QWHUPLWWHQW�9LWDO�6LJQV
0RQLWRULQJ�8VLQJ�D�:HDUDEOH��:LUHOHVV�3DWFK�LQ�3DWLHQWV�$GPLWWHG�WR�6XUJLFDO�:DUGV�
3LORW�&OXVWHU�5DQGRPL]HG�&RQWUROOHG�7ULDO��-�0HG�,QWHUQHW�5HV�������������H������
>GRL���������������@

��� 9HUULOOR�6&��&YDFK�0��+XGVRQ�.:��:LQWHUV�%'��8VLQJ�&RQWLQXRXV�9LWDO�6LJQ�0RQLWRULQJ
WR�'HWHFW�(DUO\�'HWHULRUDWLRQ�LQ�$GXOW�3RVWRSHUDWLYH�,QSDWLHQWV��-�1XUV�&DUH�4XDO�����
$SU����������±�����>GRL����������1&4�����������������@

��� :HHQN�0��.RHQHPDQ�0��YDQ�GH�%HOW�7+��(QJHOHQ�/-/3*��YDQ�*RRU�+��%UHGLH�6-+�
:LUHOHVV�DQG�FRQWLQXRXV�PRQLWRULQJ�RI�YLWDO�VLJQV�LQ�SDWLHQWV�DW�WKH�JHQHUDO�ZDUG�
5HVXVFLWDWLRQ������0DU���������±����>GRL����������M�UHVXVFLWDWLRQ������������@
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