
!"#$%&'()#*+,#-+.*&#*/&0"(1.($#*2"&+*&&

345-+674$#*8345-+69.:.-&!"#$%&

3+2;#"5&<"=+%>&74#/.*)&?#*)>&#*/&@;+;6A+&B;+"*&

@2;..5&.1&C*1.($#-+.*&@2+"*2"%&

D*+E"(%+-F&.1&0+--%:4();&

0+--%:4();>&0G&HIJKL&&DM@MGM&

$5N%+%MO+--M"/4>&;4=HKNO+--M"/4>&%;2IKPNO+--M"/4&

0#45&@2"((+>&0(#%#**#&Q"5#)#O4/+>&R#-+#&@F2#(#>&
S(""5F*&R#*"&

9.:.-+2%&C*%-+-4-"&

B#(*")+"&3"55.*&D*+E"(%+-F&

0+--%:4();>&0G&HIJHT&&DM@MGM&

O%2"((+N2%M2$4M"/4>&OUEN2%M2$4M"/4>&U#-+#N2%M2$4M"/4>&

:(""5F*UN2$4M"/4

&

&
!"#$%&'$!"#$"%&$"'$($)*+,-."%" /0$*&1" 2*&"034%-"5*-/&*)"*2"

&*6*/" /$%47" 6%7$'" *-" 5*-7,'$&,-." 0*8" 5*-/&*)" (%&,$7" %5&*77"

',22$&$-/"/%79"%))*5%/,*-7:"";3&"53&&$-/"8*&9"2*537$7"*-"'*4%,-7"

7350" %7" 2*&%.,-." ,-" 80,50" &*6*/7" +$&2*&4" )%&.$)1" ,-'$+$-'$-/"

/%797:" <0$" +&$7$-/" 7/3'1" %''&$77$7" /0$" ,-/$&%5/,*-" 6$/8$$-"

%3/*4%/,*-"%-'"*&.%-,=%/,*-"*2"034%-"/$%47",-"5*-/&*)),-.")%&.$"

&*6*/" /$%47" +$&2*&4,-." %-" >&6%-" ?$%&50" %-'" @$753$" A>?B@C"

/%79:"#$",'$-/,21"/0&$$"736/%797D"+$&5$+/3%)"7$%&50E(,73%)"7$%&50"

2*&" (,5/,47F" %77,7/%-5$E/$)$*+$&%/,*-" /*" %77,7/" &*6*/F" %-'"

-%(,.%/,*-E+%/0" +)%--,-." %-'" 5**&',-%/,*-:" " G*&" /0$" 7/3',$7"

&$+*&/$'"0$&$F"-%(,.%/,*-"8%7"7$)$5/$'"2*&"%3/*4%/,*-"6$5%37$",/"

,-(*)($7" 8$%9" '$+$-'$-5,$7" %4*-." &*6*/7" 4%9,-." ,/" 4*&$"

5*4+)$H"%-'"6$5%37$",/"8%7"70*8-",-"%-"$%&),$&"$H+$&,4$-/"/*"6$"

/0$"4*7/"',22,53)/:"<8*"+*77,6)$"8%17"/*"*&.%-,=$"*+$&%/*&7"8$&$"

,'$-/,2,$'"%7"%77,.-4$-/"*2"&*6*/7"/*"+%&/,53)%&"*+$&%/*&7"*&"%7"%"

70%&$'" +**)" ,-" 80,50" *+$&%/*&7" 7$&(,5$" &*6*/7" 2&*4" /0$"

+*+3)%/,*-" %7" -$$'$':" " " <0$" $H+$&,4$-/" 5*4+%&$7" /8*"4$46$&"

/$%47" *2" *+$&%/*&7" 5*-/&*)),-." /$%47" *2" IJ" &*6*/7" $%50" ,-" /0$"

%77,.-$'"&*6*/7"5*-',/,*-7"*&"70%&,-."5*-/&*)"*2"JK"&*6*/7",-"/0$"

70%&$'" +**)" 5*-',/,*-7" 37,-." $,/0$&" 8%1+*,-/" 5*-/&*)" *&"

%3/*-*4*37" +%/0" +)%--,-.:" " #$" ,'$-/,21" /0&$$" 7$)2" *&.%-,=,-."

/$%4" 7/&%/$.,$7" ,-" /0$" 70%&$'" +**)" 5*-',/,*-D" L*,-/" 5*-/&*)"

*+$&%/*&7" 70%&$" 23))" %3/0*&,/1" *($&" &*6*/7F" " 4,H$'" 5*-/&*)" ,-"

80,50"*-$"*+$&%/*&"/%9$7"+&,4%&1"5*-/&*)"80,)$"/0$"*/0$&"%5/7"%7"

%-" %77,7/%-/F" %-'" 7+),/" 5*-/&*)" ,-" 80,50" *+$&%/*&7" ',(,'$" /0$"

&*6*/7" 8,/0" $%50" 5*-/&*)),-." %" 736/$%4:" B3/*4%/,-." +%/0"

+)%--,-." ,4+&*($'" 717/$4" +$&2*&4%-5$:" M22$5/7" *2" /$%4"

*&.%-,=%/,*-" 2%(*&$'" *+$&%/*&" /$%47" 80*" 70%&$'" %3/0*&,/1" 2*&"

/0$"+**)"*2"&*6*/7:"

()*+,%-#./ N34%-E&*6*/" ,-/$&%5/,*-F" 4$/&,57F" $(%)3%/,*-F"

43)/,E&*6*/"717/$4F"%3/*-*41F"/$%4"*&.%-,=%/,*-/

CM! CV!9'WDB!C'V&

D*$#**"/& E";+25"& %F%-"$%& XDQ@%Y>&=;"-;"(& +*& -;"& #+(& .(&
)(.4*/>& #("& +*-(+*%+2#55F& 2.$O5"Z& %F%-"$%& #*/& ("5F& .*& ("$.-"&
.O"(#-.(& )4+/#*2"& -.& #22.$O5+%;& /+11"("*-& $+%%+.*%M& [.(&
#2;+"E+*)& -;"& ).#5& .1& .*"& .O"(#-.(& 2.*-(.55+*)& $45-+O5"&
4*$#**"/& E";+25"%& XDQ%Y>& -;"& ;4$#*& .O"(#-.(\%&&&&
("%O.*%+:+5+-F&$4%-&%;+1-&1(.$&$#*4#55F&2.*-(.55+*)&E";+25"%&-.&
%4O"(E+%.(F&2.*-(.5M&&

!;"&%-#-4%&]4.&.1&#&$#*F6-.6.*"&(#-+.&.1&.O"(#-.(%&-.&DQ%&
*""/%& -.& :"& ("E"(%"/MM& [.(& "Z#$O5">& -;"& 0("/#-.(& ("]4+("%& #&

-"#$& $#/"& 4O& .1& -;(""& .O"(#-.(%& -.& :"& .O"(#-+.*#5& ^H_M&&
`*E+%+.*"/&$+%%+.*%& %42;& #%& %"#(2;&#*/& ("%24"&.(& 4*/"(=#-"(&
2.*%-(42-+.*>& ;.="E"(>& =+55& ("]4+("& $45-+O5"& DQ& .O"(#-.(%& -.&
=.(U&#%&-"#$%&&-.&2.*-(.5&&#&$42;&5#()"(&-"#$&.1&DQ%M&&

B.*-(.55+*)& $45-+O5"& (.:.-%& %4:%-#*-+#55F& +*2("#%"%& -;"&
2.$O5"Z+-F& .1& -;"& .O"(#-.(\%& -#%U& :"2#4%"& #--"*-+.*& $4%-& :"&
%;#("/& #$.*)& (.:.-%& +*&.(/"(& -.&$#+*-#+*& %+-4#-+.*&#=#("*"%%&
X@GY& #*/& "Z"(-& 2.*-(.5M& C*& -;"& %+$O5"%-& 2#%"& #*& .O"(#-.(&
2.*-(.5%&$45-+O5"& +*/"O"*/"*-& (.:.-%& +*-"(#2-+*)&=+-;& "#2;& #%&
*""/"/M& G& 1.(#)+*)& -#%U& ^J_& +*& =;+2;& "#2;& (.:.-& %"#(2;"%& +-%&
.=*& (")+.*& =.45/& :"& .1& -;+%& 2#-").(F& #5-;.4);& $+*+$#5&
2..(/+*#-+.*&$+);-& :"& ("]4+("/& -.& #E.+/&.E"(5#O%&#*/&O("E"*-&
)#O%& +*& 2.E"(#)"& "%O"2+#55F& +1& (.:.-%& #("& +*& 25.%"& O(.Z+$+-FM&
B.*-(.5&O"(1.($#*2"&#-&%42;&-#%U%&2#*&:"&2;#(#2-"(+,"/&:F&-;"&
#E"(#)"&/"$#*/&.1&"#2;&(.:.-&.*&;4$#*&#--"*-+.*&^T_M&S"2#4%"&
(.:.-%&#("&.O"(#-"/&+*/"O"*/"*-5F&#*&#//+-+.*#5&(.:.-&+$O.%"%&
.*5F&#*&#//+-+E"&/"$#*/&.*&2.)*+-+E"&("%.4(2"%M& &D*/"(& -;"%"&
2.*/+-+.*%& +*2("#%+*)& #4-.*.$F& 1.(& +*/+E+/4#5& (.:.-%& %;.45/&
#55.=&-;"$&-.&:"&*")5"2-"/&1.(&5.*)"(&O"(+./%&.1&-+$"&$#U+*)&+-&
O.%%+:5"&1.(&#&%+*)5"&.O"(#-.(&-.&2.*-(.5&$.("&(.:.-%M&&

[.(& /"O"*/"*-& -#%U%& -;"& (.4*/6(.:+*& 2.*-(.5& %-(#-")F& 4%"/&
1.(& 2.*-(.55+*)& +*/+E+/4#5& (.:.-%& =.45/& 1.(2"& #*& .O"(#-.(& -.&
O5#*&#*/&O("/+2-&#2-+.*%&*""/"/&1.(&$45-+O5"&a.+*-&#2-+E+-+"%&#*/&
:"&;+);5F&%4%2"O-+:5"&-.&"((.(%&+*&O("/+2-+.*>&%F*2;(.*+,#-+.*&.(&
"Z"24-+.*M& [.(& ;+);5F& /"O"*/"*-& -#%U%& %42;& #%& -"5".O"(#-+*)&
(.:.-%&-.&O4%;&#&:.Z>&2..(/+*#-+.*&/"$#*/&1.(&"E"*&-=.&(.:.-%&
2.$O5"-"5F& .224O+"%& #*& .O"(#-.(\%& #--"*-+.*& "Z254/+*)& #*F&
.-;"(& -#%U& ^b_M& G& $45-+6DQ>& $45-+6.O"(#-.(& /+%2("-"& "E"*-&
%+$45#-+.*& $./"5& ;#%& %;.=*& #& %+$+5#(& %-""O& +*2("#%"& +*&
/+11+245-F& =;"*& -"#$%& .1& .O"(#-.(%& $4%-& 2.*-(.5& +*-"(#2-+*)&
(.:.-%&#%&#&-"#$M&^I_&&

C1& (.:.-%&#("&*.-& (+)+/5F&#%%+)*"/& -.&%$#55& -"#$%&4*/"(& -;"&
2.*-(.5& .1& #& %+*)5"& .O"(#-.(>& -;"*& "#2;& "E"*-& ("]4+(+*)&
2..O"(#-+.*&=+55&"+-;"(&.224OF&$.("&.1&#*&.O"(#-.(\%&#--"*-+.*&
-;#*&2.(("%O.*/+*)&+*/"O"*/"*-&-#%U%&.(&("]4+("&-;"&.O"(#-.(&-.&
1+*/& -;"& 2.*-(.55"(& .1& #*.-;"(& (.:.-& #*/& #%%4$"& -;"&
2.$$4*+2#-+.*& #*/& 2..(/+*#-+.*& .E"(;"#/& *""/"/& -.&
2..(/+*#-"&=+-;&;+$M& &!;"%"& +*-"(#2-+.*& -+$"%&#("& 5+U"5F& -.&:"&
;+);5F& E#(+#:5"& $#U+*)& +-& /+11+245-& -.& %2;"/45"& +*-"(#2-+.*%&
=+-;.4-&+*-(./42+*)&"Z2"%%+E"&+/5"&-+$"%M&&@+*2"&"E"*&$./"(#-"&
E#(+#:+5+-F&+*&*")5"2-&-+$"&XV!Y&;#%&:""*&%;.=*&^K_&2#O#:5"&.1&

978-1-4244-6587-3/10/$25.00 ©2010 IEEE

1617

Michael Goodrich


Michael Goodrich


Michael Goodrich


Michael Goodrich


Michael Goodrich


Michael Goodrich


Michael Goodrich


Michael Goodrich


Michael Goodrich


Michael Goodrich


Michael Goodrich
Michael Goodrich - Oct 12, 2010 6:01 AM
In foraging, robots are relatively independent.

Michael Goodrich
Michael Goodrich - Oct 12, 2010 6:01 AM
USAR subtasks: perceptual search, assistance for the robot, path planning.

Michael Goodrich
Michael Goodrich - Oct 12, 2010 6:03 AM
The weak dependence between robots makes them interdependent and, therefore, challenging to control.

Michael Goodrich
Michael Goodrich - Oct 12, 2010 6:03 AM
Three ways that 2-member teams self-organize: shared authority, primary controller + assistant, and split control where humans control a subteam.

Michael Goodrich
Michael Goodrich - Oct 12, 2010 6:05 AM
Two positive things: path-planning helps, and sharing authority helps.
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Michael Goodrich
Michael Goodrich - Oct 12, 2010 6:15 AM
Having robots in a shared pool allows operators to self-organize, and offers load-balancing to help scheduling.

Michael Goodrich
Michael Goodrich - Oct 12, 2010 6:16 AM
And this mutual monitoring has been identified as a key aspect for why some teams are more effective than others.  Check the reference.

Michael Goodrich
Michael Goodrich - Oct 12, 2010 6:18 AM
Cool hypothesis
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Michael Goodrich - Oct 12, 2010 6:21 AM
Operator assistance was not important in path planning -- path planning was sufficient without human input.
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&

&
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Michael Goodrich - Oct 12, 2010 6:26 AM
How reliable were the observations?  Multiple coders saw this?



B.*%+/"(+*)& .*5F& -"#$%&=+-;& 25"#(5F& /+%2"(*+:5"& %-(#-")+"%&
Xa.+*-& E%M& %O5+-Y& !6-"%-%& %;.=& a.+*-& 2.*-(.5& O#(-+2+O#*-%& 1.4*/&
$.("& E+2-+$%>& -XJHYk6JMeKb>& OkMLHJ& X[+)4("& cYM& & & 93@& "((.(&
%;.="/& #& %+$+5#(& O#--"(*>& -XJHYkJMHTb>& OkMLbI>& =+-;& -"#$%&
1.55.=+*)& a.+*-& %-(#-")+"%& $#(U+*)& E+2-+$%& $.("& #224(#-"5F&
X[+)4("&HLYM&&

&

&

[+)4("HLM&&93@&1.(&%;#("/&O..5&

&

CQM! WC@BD@@C'V&

!;"& 24(("*-& "ZO"(+$"*-& =+-;& -"#$%& .1& -=.& .O"(#-.(%&
("O5+2#-"%& -;"& "11"2-%& .1& #4-.$#-"/& O#-;& O5#**+*)& 1.4*/& +*& #*&
"#(5+"(& %+*)5"&.O"(#-.(& "ZO"(+$"*-& ^HL_M& & C*& :.-;& "ZO"(+$"*-%>&
("5+"E+*)& .O"(#-.(%& .1& -;"& *""/& -.& O"(1.($& O#-;& O5#**+*)& #*/&
$#*4#55F& 2.*-(.55+*)& (.:.-%& 5"/& -.& 1+*/+*)& $.("& E+2-+$%& #*/&
$#(U+*)& -;"+(& 5.2#-+.*%& $.("& #224(#-"5FM& & & G& /"-"($+*+%-+2&
(.#/$#O&O5#**"(&4%+*)&#&/+%-(+:4-"/&+*1.($#-+.*&)#+*&#5).(+-;$&
=#%&4%"/& +*& -;"&24(("*-&"ZO"(+$"*-& -.&/(+E"& -;"& (.:.-%& 4*5+U"&
-;"&O("E+.4%&%-4/F&+*&=;+2;&O#-;%&="("&O5#F"/&:#2U&1(.$&-;.%"&
)"*"(#-"/&:F& "#(5+"(&O#(-+2+O#*-%M& &'O"(#-.(%&#OO"#("/& -.&;#E"&
5+--5"& /+11+245-F& +*& 1.55.=+*)& -;"%"& #5).(+-;$+2#55F& )"*"(#-"/&
O#-;%& #*/& +/"*-+1+"/& #OO(.Z+$#-"5F& -;"& %#$"& *4$:"(%& .1&
E+2-+$%&#%&+*&^HL_&1.55.=+*)&;4$#*&)"*"(#-"/&O#-;%M&&&

!;"& "Z-(#& "ZO5.(#-+.*& #OO"#(%& O(+*2+O#55F& /4"& -.&
#4-.*.$.4%& (.:.-%& :"+*)& #:5"& -.& $.E"& $.("& .(& 5"%%&
2.*-+*4.4%5F&=+-;&.*5F&:(+"1&O#4%"%M&&C*&-;"&$#*4#5&2.*/+-+.*>&
:F& 2.*-(#%->& #*& #E"(#)"& .1& KMHc& (.:.-%& ="("& 5"1-& #1-"(& :"+*)&
)+E"*& #& %+*)5"& %"-& .1& =#FO.+*-%>& =;+5"& #*& #E"(#)"& .1& TMHT&
("2"+E"/& *.& =#FO.+*-%& #-& #55M& !;"& #%%+)*"/& (.:.-& 2.*/+-+.*&
%;.=%& #/E#*-#)"%& ;"(">& O"(;#O%& :"2#4%"& .1& -;"& /+114%+.*& .1&
("%O.*%+:+5+-F& +*& -;"& %;#("/& O..5& =;"("& "#2;& .O"(#-.(& $#F&
#%%4$"&#&%-.OO"/&(.:.-&-.&:"&-;"&.-;"(\%&("%O.*%+:+5+-FM&&

<%6)$"I:"R$.)$5/$'"@*6*/7",-"P%-3%)"O*-',/,*-"

R346$&"*2"@*6*/7" B77,.-$'" ?0%&$'"S**)" B($&%.$"

!.-#55F&& JMLL& bMJK& TMHT&

G1-"(&-;"&C*+-+#5&3.E"& bMeT& eMKK& KMHc&

&
9"O5+2#-+.*& .1& -;"& #224(#2F& #/E#*-#)"& 1.(& #4-.$#-"/&O#-;&

O5#**+*)& =#%& #5%.& ("#%%4(+*)& :"2#4%"& %-4/+"%& %42;& #%& ^JT_&
%4))"%-"/& -;#-& -;+%& #/E#*-#)"&$+);-& ).& +*& -;"&.-;"(&/+("2-+.*M&&&
0"(42;& "-& #5M& ^JT_& /"$.*%-(#-"/& -;#-& %"5162.*-(.55"/& E+"="(%&
-"*/"/&-.&/"E"5.O&#&(+2;&%4(E"F&U*.=5"/)"&$.("&]4+2U5F&-;#*&

O#%%+E"& .:%"(E"(%M& & S"2#4%"& .O"(#-.(%& +*& -;"& $#*4#5& 2.*-(.5&
2.*/+-+.*& *""/"/& -.& $#-2;& 5#*/$#(U%& :"-=""*& 2#$"(#& E+"=%&
#*/& -;"& 5#%"(& $#O>& -;"& #2-+E"& "ZO.%4("& -.& -;"& "*E+(.*$"*-&
.11"("/& :F& O#-;& O5#**+*)& #*/& "*-"(+*)& =#FO.+*-%& $+);-& ;#E"&
:""*& "ZO"2-"/& -.&O(.E+/"& -;"$&#&$.("&/"-#+5"/&U*.=5"/)"&.1&
-;"& "*E+(.*$"*-& #*/& ;"*2"& )("#-"(& #224(#2F& +*& $#(U+*)&
E+2-+$%M& &'4(& ("O5+2#-"/& 1+*/+*)& -;#-& #4-.$#-"/&O#-;&O5#**+*)&
+$O(.E"%& #224(#2F& %4))"%-%& -;#-& "+-;"(& -;"& #/E#*-#)"& +*&
("/42"/&2.)*+-+E"& 5.#/&$#%U%&O..("(&%4(E"F&U*.=5"/)"& +*& -;"&
#4-.*.$.4%& 2.*/+-+.*& .(& -;#-& -;"& 1("]4"*-& %=+-2;+*)& :"-=""*&
(.:.-%& #*/& E+"=O.+*-%& 2.$$.*& -.& -;"& -=.& 2.*/+-+.*%& #55.=%&
#4-.*.$.4%& O#(-+2+O#*-%& -.& /"E"5.O& "]4+E#5"*-& .(& %4O"(+.(&
%4(E"F&U*.=5"/)"M&

@+*2"& #E.+/+*)&$+%%"/& -#()"-%& +%& 2(42+#5& -.&$#*F& 1.(#)+*)&
-#%U%& %42;& #%& /"6$+*+*)& .(& %"#(2;& #*/& ("%24">& -;.(.4);*"%%&
$#F&:"&$.("& +$O.(-#*-& -;#*&.-;"(&O"(1.($#*2"&)#+*%& %42;&#%&
=+/"*+*)& -;"& %"#(2;& #("#M& &!;"& #*#5F%+%& .1& E+2-+$%&O"(& (")+.*&
"ZO5.("/&%;.=%&-;#-&+*&-;"&#%%+)*"/&(.:.-&2.*/+-+.*&O#(-+2+O#*-%&
4%+*)&#4-.$#-"/&O#-;&O5#**+*)&1.4*/&-="*-F6-=.&O"(2"*-&$.("&
E+2-+$%M&&!;+%&)#+*&+%&O#(-+245#(5F&%+)*+1+2#*-&:"2#4%"&-;+%&)(.4O&
=#%&"ZO5.(+*)&Ked&.1&-;"&$#O&#*/&2.$+*)&25.%"&-.&$#-2;+*)&
-;"& #2-4#5& /"*%+-F& .1& E+2-+$%& .1& MLJc8$JM& & @+$+5#(&
+$O(.E"$"*-%& +*& 93@& "((.(& #*/& ("/42-+.*& +*& ("O.(-"/&
=.(U5.#/& %4))"%-& -;#-& %4:%-#*-+#5& 2.)*+-+E"& ("%.4(2"%& ="("&
("]4+("/&1.(&*#E+)#-+.*&#*/&:"2#$"&#E#+5#:5"&1.(&.-;"(&%4:-#%U%&
+$O(.E+*)& .E"(#55& O"(1.($#*2"& =;"*& *#E+)#-+.*& =#%&
#4-.$#-"/M&&

C*& -;"& #%%+)*"/& (.:.-& 2.*/+-+.*& ;4$#*%&="("& #:5"& -.& O5#*&
O#-;%&#*/&2.*-(.5&HJ&(.:.-%&"#2;&-.&2.E"(&-;"&%#$"&#("#&#%&-;"&
#4-.*.$.4%& O#-;&O5#**"(M& &!;+%& ("%45-& %4OO.(-%& -;"& 1"#%+:+5+-F&
.1& .4(& +*1.($#-+.*& )#+*& #5).(+-;$& #%& #& %4:%-+-4-"& 1.(& ;4$#*&
.O"(#-.(%& XO"(1.($#*2"& +%& *.& =.(%"YM& & ?"& :"5+"E"& -;"&
/+E"()"*2"& +*& #("#& 2.E"("/& :"-=""*& $#*4#5& #*/& #4-.*.$.4%&
2.*-(.5& +*& -;"& %;#("/& O..5& 2.*/+-+.*& =#%& /4"& -.& /+114%+.*& .1&
("%O.*%+:+5+-FM& 0#(-+2+O#*-%& +*& -;"& %;#("/& O..5& 2.*/+-+.*& ="("&
2.*1(.*-"/& =+-;& #& :#*U& .1& E+/".%& X[+)4("& HY& $42;& 5+U"& #&
%"24(+-F& )4#(/& $.*+-.(+*)& -..& $#*F& %4(E"+55#*2"& 2#$"(#%M&
D*/"(&-;"%"&2.*/+-+.*%&2..(/+*#-+.*&/"$#*/%&="("&#$:+)4.4%M&
0#(-+2+O#*-%& ="("& 1("]4"*-5F& .:%"(E"/& -.& ("#2;& %.$"& 1.($& .1&
#)(""$"*-& 1.(& /+E+/+*)& (.:.-%& -.& :"& 2.*-(.55"/& #-& -;"& .4-%"-&
X5+U"& #& %"516.()#*+,"/& +*/+E+/4#5& 2.*/+-+.*YM& & <#-"(& #%& -;"F&
O"(1.($"/& -;"& -#%U& %.$"& (.:.-%& =+-;& #OO#("*-5F& #$:+)4.4%&
#%%+)*$"*-%& ="("& *"E"(& $.E"/& .4-& 1(.$& -;"& 2"*-"(& .1& -;"&
:4+5/+*)M& & !;+%& /+114%+.*& .1& ("%O.*%+:+5+-F& "ZO5#*#-+.*& +%&
%4OO.(-"/&:F&("O.(-"/&=.(U5.#/&=;+2;&=#%&$#()+*#55F&5.="(&+*&
-;"&%;#("/&O..5&2.*/+-+.*M&&C*1.($#5&.:%"(E#-+.*&.1&O#(-+2+O#*-%&
%4))"%-"/&-;#-&+*&-;"&%;#("/&O..5&2.*/+-+.*>& -;"&JT&-;4$:*#+5%&
:"+*)&$.*+-.("/&#OO"#("/&-.&+*-"(1"("&=+-;&-;"+(&#:+5+-F&-.&1.24%&
.*& O#(-+245#(& (.:.-%& #*/& -.& 5.2#-"& E+2-+$%M& & ?;"*& $45-+O5"&
(.:.-%&1.4*/&%+$+5#(&5..U+*)&E+2-+$%&O#(-+2+O#*-%&.1-"*&:"2#$"&
2.*14%"/&$#(U+*)& -;"& %#$"& E+2-+$& -=+2"& .(& 5"#E+*)& #& %+$+5#(&
#OO"#(+*)&E+2-+$&4*$#(U"/&.*& -;"&$#OM& &!;"("&#5%.&#OO"#("/&
-.& :"& /+11+245-+"%& +*& %=+-2;+*)& %-(#-")+"%& =;"("& .*"& .O"(#-.(&
$+);-& :"& -(F+*)& -.& 2.*-(.5& #& %4:%"-& .1& (.:.-%& =;+5"& -;"& .-;"(&
=#%&.()#*+,+*)&-;"&-#%U&:F&#("#M&

&

!"! <3)'(=->)*&?)4&6*(

G&O("$+%"&.1&.4(&("%"#(2;&+%&-;#-&+1&-;"&%4O"(E+%.(F&2.*-(.5&
-#%U& 2#*& :"& $#/"& $.("& %+$+5#(& -.& 2.*E"*-+.*#5& #5#($& /(+E"*&
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Michael Goodrich - Oct 12, 2010 6:30 AM
Diffusion of responsibility -- who is to blame if a robot doesn't get used.  A type of process loss?



2.*-(.5>& -"#$%& .1& .O"(#-.(%& =+55& :"& #:5"& -.& 2.*-(.5& +*2("#%+*)&
*4$:"(%& .1& (.:.-%& /4"& -.& #/E#*-#)"%& +*& 5.#/& :#5#*2+*)& #*/&
("/4*/#*-& .:%"(E#-+.*%M& & G*& .E"(#55& #/E#*-#)"& 1.(& G("#&
`ZO5.("/&=#%&*.-&.:%"(E"/M&?"&#--(+:4-"& -;+%& 5#2U&.1&"11"2-& -.&
-;"& ="#U& 2.*-(+:4-+.*& -;"& #%%+%-#*2"& %4:-#%U& $#/"& -.& -"#$&
O"(1.($#*2"M& &?;+5"&="&;#/&"ZO"2-"/& -;"&.11+2"&"*E+(.*$"*-&
-.& O(.E+/"&$#*F& .OO.(-4*+-+"%& +*&=;+2;& (.:.-%&=.45/& ("]4+("&
;4$#*& #%%+%-#*2"& .4(& ("%45-%& %;.=& -;#-& -;"& (.:.-%&
X#4-.*.$.4%Y&$#*#)"/& -.& "ZO5.("& #*& "]4+E#5"*-& #("#&=+-;.4-&
#*F&;4$#*&#%%+%-#*2"M&&&S"2#4%"&-;"&#%%+%-#*2"&%4:-#%U&=#%&-;"&
-#%U& ="& "ZO"2-"/& -.& :"*"1+-& $.%-& 1(.$& 5.#/& :#5#*2+*)>& +-%&
"11"2-%& ="("& $4-"/M& & @4))"%-+.*%& .1& %42;& "11"2-%>& ;.="E"(>&
="("& 1.4*/& =+-;+*& -;"& %;#("/& O..5& 2.*/+-+.*%M& & ?"&
;FO.-;"%+,"/&-;#-&+*2("#%+*)&#4-.$#-+.*&=.45/&+$O(.E"&%;#("/&
O..5&O"(1.($#*2"&=;+2;& #55.=%& 5.#/&:#5#*2+*)&#*/& ("/4*/#*-&
.:%"(E#-+.*%& -.& #& )("#-"(& "Z-"*-& -;#*& #%%+)*"/& (.:.-&
O"(1.($#*2"&=;+2;&/."%&*.-M&&&&

!;+%& %;#("/&O..5& #/E#*-#)"&=#%& 1.4*/&:4-& .*5F& 1.(& -"#$%&
2;..%+*)& -;"& a.+*-& 2.*-(.5& %-(#-")F& =;+2;& #55.="/& +-M& & G%&
[+)4("%&J&#*/&c&%;.=&a.+*-&2.*-(.5&-"#$%&1.4*/&#OO(.Z+$#-"5F&
He&E+2-+$%&+*&-;"&#4-.&2.*/+-+.*&#*/&Hb&+*&$#*4#5&O("2+%"5F&-;"&
*4$:"(%& 1.4*/& :F& #%%+)*"/& (.:.-& -"#$%& 4*/"(& -;"%"& %#$"&
2.*/+-+.*%M& & m.+*-& 2.*-(.5& -"#$%&$#-2;"/& .(& :"--"("/& #%%+)*"/&
-"#$%& +*& #224(#2F& #%& ="55& 1+*/+*)& MLJH& #*/& MLJT& E+2-+$%8$J&
("%O"2-+E"5F& +*& #4-.& #*/&$#*4#5& 2.*/+-+.*%& 2.$O#("/& -.& MLJJ&
#*/& MLHi& 1.(& #%%+)*"/& (.:.-& -"#$%M& & &G& %+$+5#(& #/E#*-#)"& 1.(&
a.+*-& 2.*-(.5& O#(-+2+O#*-%& =#%& 1.4*/& +*& 5.2#-+*)& E+2-+$%&$.("&
#224(#-"5F&X<.=&93@&"((.(YM&

&!;"%"& ("%45-%& #//& -.& #& )(.=+*)& O+2-4("& .1& -;"& 2.$O5"Z&
O(.:5"$& .1& 2.*-(.55+*)& $45-+O5"& (.:.-%& =+-;& ;4$#*& -"#$%M&&&
@42;& -#%U%& #("& +*E#(+#:5F& #& $+Z-4("& .1& %4:-#%U%& .1& E#(F+*)&
/+11+245-+"%&#*/&2.*-(+:4-+.*%M&&C*&-;+%&"ZO"(+$"*-&-;"&/+11+245-F&
.1& -;"&$.*+-.(+*)& -#%U&/.$+*#-"/& #*/&;4$#*& +*-"(E"*-+.*%&.1&
-;"& %.(-& /"%2(+:"/& :F& -;"& *")5"2-& -.5"(#*2"& $./"5& ;#/& 5+--5"&
+$O#2-M& & C*& 14-4("& %-4/+"%& ="& ;.O"& -.& "Z#$+*"& #& (#*)"& .1&
-#%U8#4-.*.$F&2.$:+*#-+.*%&-.&/"E"5.O&#&$.("&2.$O(";"*%+E"&
-;".(F&.1&-"#$&1.(&-"#$%&79CM&

&

GBRV'?<`Wh3`V!&&

!;+%& ("%"#(2;& ;#%& :""*& %O.*%.("/& +*& O#(-& :F& G['@9&

[GcIILLi6HLTIK&#*/&'V9&h(#*-&VLLLHbLc6HLKiL&

&

9`[`9`VB`@&

^H_! 3M<M& B4$$+*)%>& GM@M& S(,",+*%U+>& #*/& mMWM& <"">& n!;"& +$O#2-& .1&
+*-"55+)"*-& #+/+*)& 1.(& $45-+O5"& 4*$#**"/& #"(+#5& E";+25"& %2;"/45"&
$#*#)"$"*->o& C```& C*-"55+)"*-& @F%-"$%g& @O"2+#5& C%%4"& .*& C*-"(#2-+*)&
=+-;&G4-.*.$F&JJXJYg&IJpIc>&JLLe&

^J_! AM& B#.>& GM& [4U4*#)#>& #*/& GM& R#;*)>& nB..O"(#-+E"& $.:+5"& (.:.-+2%g&
G*-"2"/"*-%&#*/&/+("2-+.*%>o&G4-.*.$.4%&9.:.-%>&b>&H6JT>&HcceM&

^T_! mM&B(#*/#55>&3M&h../(+2;>&WM&'5%"*>&#*/&BM&V+"5%"*>&nQ#5+/#-+*)&;4$#*6
(.:.-& +*-"(#2-+.*& %2;"$"%& +*& $45-+-#%U+*)& "*E+(.*$"*-%>o& C```&
!(#*%#2-+.*%&.*&@F%-"$%>&3#*>&#*/&BF:"(*"-+2%>&0#(-&G>&TIXbYgbTipbbc>&
JLLIM&

^b_! mM&?#*)&#*/&3M&<"=+%>&nG%%"%%+*)&2..(/+*#-+.*&.E"(;"#/&+*&2.*-(.5&.1&
(.:.-& -"#$%>o& 0(.2""/+*)%& .1& JLLe& C```& C*-"(*#-+.*#5& B.*1"("*2"& .*&
@F%-"$%>&3#*>&#*/&BF:"(*"-+2%>&JKbI6JKbc>&JLLeM&

^I_! SM&3"U/"2+&#*/&3M<M&B4$$+*)%>&n3./"5+*)&345-+O5"&74$#*&'O"(#-.(%&
+*& -;"&@4O"(E+%.(F&B.*-(.5&.1&7"-"(.)"*".4%&D*$#**"/&Q";+25"%>o&c-;&
B.*1"("*2"& .*& 0"(1.($#*2"& 3"-(+2%& 1.(& C*-"55+)"*-& @F%-"$%&
X0"(3C@jLcY>&h#+-;"(%:4()>&3W>&@"O-"$:"(&JH6JT>&JLLcM&

^K_! 3M&h../(+2;>&SM&3.(%">&BM&`*);>& mM&B..O"(>& #*/& mM&G/#$%>& n!.=#(/%&
D%+*)& DGQ%& +*& ?+5/"(*"%%& @"#(2;& #*/& 9"%24"g& <"%%.*%& 1(.$& [+"5/&
!(+#5%>o& !.& #OO"#(& +*& C*-"(#2-+.*& @-4/+"%& m.4(*#5>& %O"2+#5& +%%4"& .*&
n9.:.-%&+*&-;"&?+5/g&`ZO5.(+*)&74$#*69.:.-&C*-"(#2-+.*&+*&V#-4(#5+%-+2&
`*E+(.*$"*-%o&

^e_! 3M&<"=+%>& & mM& 0.5E+2;#+>&RM& @F2#(#>& #*/& 0M& @2"((+>& n@2#5+*)64O&74$#*&
B.*-(.5&1.(&<#()"&DGQ&!"#$%>o&C*&VM&B..U"&X`/MY>&!;"&74$#*&[#2-.(%&
.1&9"$.-"5F&0+5.-"/&Q";+25"%>&V"=&A.(Ug&`5%"E+"(>&OOM&JTe6JIL>&JLLKM&

^i_! SM&h"(U"F&#*/&3M&3#-#(+2>&nG&1.($#5& 1(#$"=.(U& 1.(& -;"&%-4/F&.1& -#%U&
#55.2#-+.*& +*& $45-+6(.:.-& %F%-"$%>o& C*-"(*#-+.*#5& m.4(*#5& .1& 9.:.-+2%&
9"%"#(2;>&JTXcYgcTcpcIb>&JLLbM&

^c_! 3M&7#(2;.56S#5-"(>&3M& B(.E"55#>& #*/& BM&34(-#>& n'*&B;..%+*)& #& !#%U&
G%%+)*$"*-& 0.5+2F& 1.(& #& W+%-(+:4-"/& @"(E"(& @F%-"$>o& !''<@& jcig&
0(.2""/+*)%& .1& -;"& HL-;& C*-"(*#-+.*#5& B.*1"("*2"& .*& B.$O4-"(&
0"(1.($#*2"& `E#54#-+.*g&3./"55+*)& !"2;*+]4"%& #*/& !..5%>& OOM& JTH& 66&
JbJ>&Hcci&

^HL_! 7M& ?#*)>& 3M& <"=+%>& 0M& Q"5#)#O4/+>& 0M& @2"((+>& #*/& RM& @F2#(#>& n7.=&
%"#(2;& #*/& +-%& %4:-#%U%& %2#5"& +*& V& (.:.-%>o& 74$#*& 9.:.-& C*-"(#2-+.*&
B.*1"("*2">&GB3>&JLLc&

^HH_! &XD`& JY& D*("#5`*)+*"J>& ;--Og884/*M"O+2)#$"%M2.$8!=.8(%(28!=.&
8R#($#9"1"("*2"8R#($#D%"(h4+/"MO/1>&#22"%%"/&[":(4#(F&I>&JLLiM&

^HJ_! @M& B#(O+*>& & !M& @-.F#*.E>& & AM& V"E#-+#>& & 3M& <"=+%& #*/& mM& ?#*)>&
nq4#*-+-#-+E"& #%%"%%$"*-%& .1& & D@G9@+$& #224(#2F>o& 0(.2""/+*)%& .1&
0"(3C@&JLLK&

^HT_! @M& B#(O+*>& mM& ?#*)>& 3M& <"=+%>& GM& S+(U& #*/& GM& m#2.11>& n7+);& 1+/"5+-F&
-..5%& 1.(& ("%24"& (.:.-+2%g& 9"%45-%& #*/& O"(%O"2-+E"%>o& 9.:.24O& JLLI&
@F$O.%+4$>&JLLIM&

^Hb_! &n3#-;"*)+*">& 3#-;`*)+*"& R#($#& D%"(& h4+/">o&&
;--Og884/*M"O+2)#$"%M2.$8!=.8R#($#9"1"("*2"8R#($#D%"(h4+/"MO/1>&
#22"%%"/&3#F&T>&JLLIM&

^HI_! @M&B#(O+*>&3M&<"=+%>&mM&?#*)>&@M&S#5#U+(%UF>&BM&@2(#OO"(>&nS(+/)+*)&-;"&
)#O& :"-=""*& %+$45#-+.*& #*/& ("#5+-F& +*& 4(:#*& %"#(2;& #*/& ("%24">o&
9.:.24O&JLLKg&9.:.-&@.22"(&?.(5/&B4O&f>&@O(+*)"(>&<"2-4("&V.-"%&+*&
G(-+1+2+#5&C*-"55+)"*2">&JLLKM&

^HK_! 3M& <"=+%>& @M& 74);"%>& mM& ?#*)>&3M& R."%>& #*/& @M& B#(O+*>& nQ#5+/#-+*)&
D@G9%+$& 1.(& 4%"& +*& 79C& ("%"#(2;>o& 0(.2""/+*)%& .1& -;"& bc-;& G**4#5&
3""-+*)& .1& -;"&74$#*&[#2-.(%& #*/&`().*.$+2%& @.2+"-F>&'(5#*/.>& [<>&
JLLI>&bIe6bKH&

^He_! BM& 0"OO"(>& @M&S#5#U+(%UF>& #*/&BM& @2(#OO"(>& n9.:.-& @+$45#-+.*& 0;F%+2%&
Q#5+/#-+.*>o&0(.2""/+*)%&.1&0"(3C@\Le>&JLLeM&

^Hi_! SM& !#F5.(>& @M& S#5#U+(%UF>& `M& 3"%%+*#& #*/& 9M& q4+**>& nW"%+)*& #*/&
Q#5+/#-+.*&.1&#&?;")%&9.:.-&+*&D@G9@+$>o&0(.2""/+*)%&.1&0"(3C@\Le>&
JLLeM&

^Hc_! 3M&r#(#--+>&3M&[(#-#(2#*)"5+&#*/&<M&C.22;+>&nG&TW&@+$45#-.(&.1&345-+O5"&
<"))"/& 9.:.-%& :#%"/& .*& D@G9@+$>o& 9.:.24O& JLLKg& 9.:.-& @.22"(&
?.(5/&B4O&f>&@O(+*)"(>&<VGC>&JLLKM&

^JL_! @M&S#5#U+(%UF>&@M&B#(O+*>&GM&R5"+*"(>&3M&<"=+%>&GM&Q+%%"(>&mM&?#*)&#*/&
QM&r+O#(#>&n!.=#(/&;"-"(".)"*".4%&(.:.-&-"#$%&1.(&/+%#%-"(&$+-+)#-+.*g&
9"%45-%& #*/& O"(1.($#*2"& $"-(+2%& 1(.$& 9.:.B4O& 9"%24">o& m.4(*#5& .1&
[+"5/&9.:.-+2%>&JLLe&

^JH_! mMBM&<#-.$:">&n9.:.-&$.-+.*&O5#**+*)>o&@O(+*)"(>&HccHM&

^JJ_! 3M&3.*-"$"(5.>&VM&9.F>&#*/&@M&!;(4*>&n0"(%O"2-+E"%&.*&%-#*/#(/+,#-+.*&
+*&$.:+5"&(.:.-&O(.)(#$$+*)g&-;"&2#(*")+"&$"55.*&*#E+)#-+.*&X2#($"*Y&
-..5U+->o&C*&0(.2M&.1&C9'@>&JLLTM&

^JT_! 0M&0"(42;>&mM&Q"(2;"(&#*/&hM&h4-;+"(>&nG2]4+%+-+.*&.1&@O#-+#5&R*.=5"/)"&
-;(.4);& Q+%4#5& `ZO5.(#-+.*& .1& @+$45#-"/& `*E+(.*$"*-%>o& `2.5.)+2#5&
0%F2;.5.)F&eXHYg&H6JL&
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