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NASA STI Program…in Profile 
!

!
Since its founding, NASA has been dedicated  
to the advancement of aeronautics and space 
science. The NASA scientific and technical 
information (STI) program plays a key part in 
helping NASA maintain this important role. 
 
The NASA STI program operates under the 
auspices of the Agency Chief Information 
Officer. It collects, organizes, provides for 
archiving, and disseminates NASA’s STI. The 
NASA STI program provides access to the 
NTRS Registered and its public interface, the 
NASA Technical Reports Server, thus 
providing one of the largest collections of 
aeronautical and space science STI in the 
world. Results are published in both non-
NASA channels and by NASA in the NASA 
STI Report Series, which includes the 
following report types: 
 

• TECHNICAL PUBLICATION. Reports 
of completed research or a major 
significant phase of research that present 
the results of NASA programs and 
include extensive data or theoretical 
analysis. Includes compilations of 
significant scientific and technical data 
and information deemed to be of 
continuing reference value. NASA 
counterpart of peer-reviewed formal 
professional papers but has less stringent 
limitations on manuscript length and 
extent of graphic presentations. 

 
• TECHNICAL MEMORANDUM. 

Scientific and technical findings that are 
preliminary or of specialized interest, e.g., 
quick release reports, working papers, and 
bibliographies that contain minimal 
annotation. Does not contain extensive 
analysis. 

 
• CONTRACTOR REPORT. Scientific and 

technical findings by NASA-sponsored 
contractors and grantees. 

• CONFERENCE PUBLICATION. 
Collected papers from scientific and 
technical conferences, symposia, 
seminars, or other meetings sponsored 
or co-sponsored by NASA. 

 
• SPECIAL PUBLICATION. Scientific, 

technical, or historical information 
from NASA programs, projects, and 
missions, often concerned with subjects 
having substantial public interest. 

 
• TECHNICAL TRANSLATION. 

English-language translations of 
foreign scientific and technical material 
pertinent to NASA’s mission. 

 
Specialized services also include creating 
custom thesauri, building customized 
databases, and organizing and publishing 
research results. 
 
For more information about the NASA STI 
program, see the following: 
 

• Access the NASA STI program home 
page at http://www.sti.nasa.gov 

 
• E-mail your question via to 

help@sti.nasa.gov 
 
• Phone the NASA STI Help Desk at  

(757) 864-9658 
 
• Write to: 

NASA STI Information Desk 
Mail Stop 148 
NASA Langley Research Center 
Hampton, VA 23681-2199 
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1. SE-210 Project Overview 
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2. The Role of Alerting in a Safety-Critical System 
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<9<26+!4$26/>#56!#$%!236!.@6/#24.$#&!%.5*+6$2<!$66%!2.!<*@@./2!236!>&4;325/6,!4$!6L65*24$;!
236!@/6<5/4G6%!#524.$<!4$!#!24+6&9!+#$$6/!b4(6(C!G6>./6!236/6!4<!#$!#4/@&#$6!*@<62!./!&.<<c(!
_%6#&&9C!236!4$26/>#56!#&&.,<!236!>&4;325/6,!2.!6?#&*#26!3.,!,6&&!236!3#Y#/%!4<!G64$;!
+#$#;6%!#<!#524.$<!#/6!G64$;!2#:6$(!!

!

H36<6!>4?6!<26@<!5#$!G6!/6>6//6%!2.!#<!)7($+#)(?-")(1$">(-)+#?P)&P-(6&,(-.$'(Q0(#6(C!#$%!234<!
<6^*6$56!5#$!G6!*<6%!2.!#$#&9Y6!3.,!,6&&!236!#&6/24$;!<9<26+!,./:<!,36$!3#Y#/%<!#/6!6$5.*$26/6%(!
H34<!#@@/.#53!G/.#%6$<!236!*<*#&!G.*$%<!.>!#&6/24$;!2.!+#:6!236!@.4$2!23#2!236/6!$66%<!2.!G6!#$!
4$26;/#26%!#@@/.#53!G62,66$!236!4$424#&!h#&6/2Ci!236!<9<26+!4$26/>#56C!#$%!.@6/#24.$#&!@/.56%*/6<!2.!
6$<*/6!#&&!>4?6!<26@<!#/6!<*@@./26%(!!
!

H36<6!<26@<!4$!236!4$26;/#26%!#&6/24$;O2.O/65.?6/9!<6^*6$56!5#$!#&<.!G6!*<6%!2.!*$%6/<2#$%!236!@.4$2!
#2!,3453!#!G/6#:%.,$!4$!#&6/24$;!5.$2/4G*26<!2.!#$!#554%6$2!./!4$54%6$2(!8./!6L#+@&6C!236/6!3#?6!
G66$!#?4#24.$!#554%6$2<!#$%!4$54%6$2<!4$!,3453!236!>&4;32!5/6,!./46$26%!2.!#!53#$;6!G*2!%4%!$.2!
*$%6/<2#$%!236!$#2*/6!.>!236!53#$;6C!./C!5#<6<!4$!,3453!236!>&4;32!5/6,!./46$26%!#$%!*$%6/<2..%!236!
$#2*/6!.>!236!53#$;6!G*2!>#4&6%!2.!4%6$24>9!236!#@@/.@/4#26!#524.$<!2.!/6<@.$%!2.!42(!H34<!29@6!.>!
#$#&9<4<!5#$!#4%!4$!4%6$24>94$;!?*&$6/#G4&4246<!4$!#$!#4/@&#$6f<!#&6/24$;!<9<26+!./!4$!236!*<6!.>!236!
#55.+@#$94$;!@/.56%*/6<(!!
!
!

3. A Surprising Finding about Alerting 
_$!PQIQC!E07H!4$424#26%!#$!#524?429!2.!&..:!#2!4$54%6$2<!#$%!#554%6$2<!4$!,3453!236!@4&.2!6L@6/46$56%!
#!&.<<!.>!#4/5/#>2!#2242*%6!./!6$6/;9!<2#26!#,#/6$6<<!23#2!&6%!2.!#!-KE(!H36<6!,6/6!+./6!;6$6/#&&9!
/6>6//6%!2.!#<!6?6$2<!23#2!,6/6!%*6!2.!#!&.<<!.>!070(!H36!;/.*@!.>!;.?6/$+6$2!#$%!4$%*<2/9!
@/.>6<<4.$#&<!/6?46,6%!IJ!<#>629!6?6$2<g64236/!#554%6$2<!./!<6/4.*<!4$54%6$2<g4$!#$!#226+@2!2.!
%626/+4$6!4>!236/6!,6/6!5.++.$!236+6<!./!5.$2/4G*24$;!>#52./<!23#2!5*2!#5/.<<!236<6!070!6?6$2<(!
H#G&6!I!<3.,<!23.<6!IJ!6?6$2<!.$!236!&6>2O3#$%!<4%6!.>!236!2#G&6!b<66!236!E07HC!PQIU!/6@./2!>./!+./6!
%62#4&<A!322@<A]],,,(!<:9G/#/9(#6/.]G..:<36&>]G..:<]Paaa(@%>c(!-4<26%!#5/.<<!236!2.@!.>!236!2#G&6!#/6!
>#52./<!23#2!,6/6!@/6<6$2!4$!+#$9!.>!236<6!IJ!6?6$2<(!H36!#$#&9<4<!26#+!:6@2!6$5.*$26/4$;!236<6!
>#52./<!#<!6#53!6?6$2!,#<!/6?46,6%(!K$6!.>!236!>#52./<!23#2!.55*//6%!4$!6?6/9!6?6$2!,#<!5#&&6%!
h4$6>>6524?6!#&6/24$;Ci!,3453!/6>6//6%!2.!#!?#/4629!.>!4<<*6<!,423!236!#4/@&#$6f<!#&6/24$;!<9<26+!./!42<!
6>>6524?6$6<<!4$!4$>&*6$54$;!@4&.2!G63#?4./!/6;#/%4$;!236!/6<@.$<6!2.!236!#&6/2(!
!

H36<6!>4$%4$;<!/6;#/%4$;!#&6/24$;!>/.+!236!E07H!070!#$#&9<4<!2/4;;6/6%!#!%66@6/!5*/4.<429!#G.*2!
236!<2#26!.>!#&6/24$;!4$!5.++6/54#&!2/#$<@./2<(!=.*&%!#!&#/;6/!<62!.>!-KE!6?6$2<!<3.,!#!<4+4&#/!
@#226/$l!7@654>45#&&9C!,6!,#$26%!2.!#$<,6/!236<6!^*6<24.$<!

k!1.,!5.++.$!4<!42C!#5/.<<!#!&#/;6!<62!.>!-KE!6?6$2<C!23#2!236!#&6/24$;!<9<26+!>#4&<!2.!&6#%!2.!#!
24+6&9!#$%!#@@/.@/4#26!/6<@.$<6!>/.+!236!>&4;32!5/6,l!

k!=36$!236/6!4<!#!G/6#:%.,$!4$!236!4$26;/#26%!#&6/24$;O2.O/65.?6/9!<6^*6$56C!,36/6!#/6!236!
>#4&*/6!@.4$2<l!

k!E#$!234<!#$#&9<4<!36&@!*<!&6#/$!+./6!#G.*2!3.,!2.!G*4&%!#!G6226/!#&6/24$;!<9<26+C!#$%C!+./6!
G/.#%&9C!3.,!2.!+#$#;6!236!>&4;32!5/6,f<!#226$24.$l!

!

H.!6L@&./6!236<6!^*6<24.$<C!,6!/6?46,6%!#!<62!.>!V[!/656$2!<#>629!6?6$2<!2.!%626/+4$6!3.,!,6&&!
3#Y#/%<!,6/6!#&6/26%!#$%!+#$#;6%!G9!236!>&4;32!5/6,(!H36!4$26;/#26%!#&6/24$;O2.O/65.?6/9!<6^*6$56!
,#<!*<6%!2.!5#26;./4Y6!,36/6!#&6/24$;!G/.:6!%.,$(!H36!#$#&9<4<!.>!V[!6?6$2<!4<!%6<5/4G6%!4$!#!<6@#/#26!
@#@6/!b)*+#,C!PQI[cj!234<!/6@./2!#%%/6<<6<!236!<*G<62!.>!PJ!6?6$2<!23#2!,6/6!246%!2.!&.<<!.>!070(!!
! !
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H#G&6!I(!H36!N?6$2<!"6?46,6%!G9!E07H!#$%!236!H,6&?6!E.$2/4G*24$;!8#52./<!

!
!

!
!
!
4. Alerting System Basics for Commercial Transport Aircraft 
0&6/24$;C!>./!236!@*/@.<6<!.>!234<!/6@./2C!/6>6/<!2.!#!53#$;6!4$!236!4$26/>#56!23#2!4<!+6#$2!2.!#22/#52!
#226$24.$C!,3453!5.*&%!G6!#!<.*$%!./!?.456!b6(;(C!h@*&&!*@icC!.$<62!.>!#!&4;32!./!#!+6<<#;6!4$!#!
<@654>46%!#/6#!b6(;(C!)#<26/!,#/$4$;!&4;32cC!#!@.@O*@!.>!#!+6<<#;6!4$!#!56$2/#&!&.5#24.$!b6(;(C!2/#>>45!
5.&&4<4.$!#?.4%#$56!<9<26+!mHE07n!;/#@345<!.$!236!@/4+#/9!>&4;32!%4<@&#9!mR8DncC!./!>&#<34$;!.>!#!
%4<@&#9!6&6+6$2!b6(;(C!#4/<@66%!2#@6!4$%45#2./cT(!0&6/24$;!<9<26+<!4$!&#/;6C!5.++6/54#&!2/#$<@./2<!
b4(6(C!IU!E8"!@#/2!PVc!#/6!5.+@&6L!#$%!,4%6&9!%4<2/4G*26%(!_$!+.<2!+.%6/$!#4/@&#$6<C!#&6/24$;!>./!
#4/@&#$6!<9<26+!>#4&*/6<!#/6!+#$#;6%!&#/;6&9!23/.*;3!#!56$2/#&!#&6/24$;!<9<26+!b6(;(C!B.64$;!6$;4$6!
4$%45#24.$!#$%!5/6,!#&6/24$;!<9<26+!mN_E07n!./!04/G*<!6&652/.$45!56$2/#&4Y6%!#4/5/#>2!+.$42./!
mNE0)nc(!H36<6!#&6/2<!#/6!@/4./424Y6%!G9!*/;6$59!#$%!5#$!G6!4$34G426%!b>./!<.+6!#&6/2<!4$!56/2#4$!
>&4;32!@3#<6<c(!_$!#%%424.$!2.!56$2/#&4Y6%!#4/5/#>2!<9<26+!#&6/24$;C!.236/!6&6+6$2<!.>!#&6/24$;!5#$!G6!
>.*$%!.$!236!R8DC!;&#/6<346&%]+.%6!5.$2/.&!@#$6&C!236!36#%O*@!%4<@&#9!b1\DcC!236!5.$2/.&!5.&*+$C!
.?6/36#%!@#$6&C!#$%!.236/!@#/2<!.>!236!>./,#/%!@#$6&(!
!
! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
T!0$!4$%45#2./!+.?4$;!G69.$%!236!$./+#&!/#$;6!#$%!4$2.!#!/6%!Y.$6!4<!$.2!5.$<4%6/6%!#$!#&6/2!4$!234<!5#<6!
<4$56!23#2!/6%!Y.$6!5#$!G6!@/6<6$2!,36$!236!5*//6$2!?#&*6!4<!4$!236!$./+#&!/#$;6(!!!
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IU!E8"!PV(ITPP!#$%!0%?4<./9!E4/5*&#/!b0Ec!PV(ITPPOI!@/.?4%6!/6;*&#2./9!/6^*4/6+6$2<!#$%!
;*4%#$56!>./!#4/5/#>2!#&6/24$;(!04/@&#$6!#&6/2<!#/6!./;#$4Y6%!4$2.!,#/$4$;C!5#*24.$C!#$%!#%?4<./9!
5#26;./46<!b5#&&6%!-6?6&!IC!P!#$%!T!4$!#$!04/G*<!#4/@&#$6c!#55./%4$;!2.!IU!E8"!PV(ITPP(!H36!
%6>4$424.$<!>./!236<6!#/6!!

"!=#/$4$;A!E.$%424.$<!23#2!/6^*4/6!4++6%4#26!>&4;325/6,!#,#/6$6<<!#$%!4++6%4#26!
>&4;325/6,!/6<@.$<6(!

"!E#*24.$A!E.$%424.$<!23#2!/6^*4/6!4++6%4#26!>&4;325/6,!#,#/6$6<<!#$%!<*G<6^*6$2!
>&4;325/6,!/6<@.$<6(!

"!0%?4<./9A!E.$%424.$<!23#2!/6^*4/6!>&4;325/6,!#,#/6$6<<!#$%!+#9!/6^*4/6!<*G<6^*6$2!
>&4;325/6,!/6<@.$<6(!

!
055./%4$;!2.!IU!E8"!PV(ITPPC!=#/$4$;O!#$%!E#*24.$O&6?6&!#&6/24$;!+*<2!5.$2#4$!#2!&6#<2!2,.!
<6$<./9!+.%#&4246<!.>!#&6/24$;C!29@45#&&9!#!?4<*#&!#$%!#$!#*/#&!#&6/2(!).<2!+.%6/$!#4/@&#$6<!3#?6!#!
)#<26/!E#*24.$])#<26/!=#/$4$;!<9<26+!23#2!@/6<6$2<!#!?4<*#&!#&6/2!4$!236!56$2/#&!>46&%!.>!?46,!#$%!
<#&46$2!#*/#&<(!=#/$4$;O&6?6&!?4<*#&!#&6/2<!#/6!/6%C!#$%!E#*24.$O&6?6&!?4<*#&!#&6/2<!#/6!#+G6/]!96&&.,(!
H36!>*&&!26L2!.>!IU!E8"!PV(ITPP!4<!5.$2#4$6%!0@@6$%4L!0(!!
!
B6&.,!#/6!<.+6!6L#+@&6<!.>!=#/$4$;<!#$%!E#*24.$<!>./!R#/2!PV!#4/5/#>2A!

k!=#/$4$;O&6?6&!3#Y#/%<!.>!4$26/6<2!
o!0*2.@4&.2!D4<5.$$652!
o!N$;4$6!8#4&!./!N$;4$6!K*2!
o!=4$%<36#/!
o!X/.*$%!R/.L4+429!
o!72#&&]7245:!<3#:6/!b#@@/.#53!2.!<2#&&c!
o!HE07!"6<.&*24.$!0%?4<./9!bHE07"0c!
o!K?6/<@66%!
o!E#G4$!0&242*%6!
o!H#:6O.>>!E.$>4;*/#24.$!

k!E#*24.$O&6?6&!3#Y#/%<!.>!4$26/6<2!
o!0*2.23/.22&6!D4<5.$$652!
o!-.,!04/<@66%!
o!\$/6&4#G&6!04/<@66%!
o!B#$:!0$;&6!

!
!
5. Method 
0<!<2#26%!#G.?6C!#!<2*%9!@6/>./+6%!G9!)*+#,!bPQI[c!/6?46,6%!#!G/.#%!<#+@&6!.>!<#>629!6?6$2<!2.!
%626/+4$6!3.,!,6&&!#&6/24$;!>*$524.$6%(!=6!@*&&6%!#!<*G<62!.>!234<!<#+@&6C!5.$<4<24$;!.>!PJ!070O
29@6!4$54%6$2<!#$%!#554%6$2<j!<@654>45#&&9C!6?6$2<!23#2!4$?.&?6!&.<<!.>!6$6/;9!<2#26!#,#/6$6<<!./!&.<<!
.>!#2242*%6!#,#/6$6<<!b<@#24#&!%4<./46$2#24.$c(!H36!>.&&.,4$;!<6524.$!%6<5/4G6<!236!<6&6524.$!.>!6?6$2<!
>./!236!&#/;6/!<2*%9!#$%!3.,!236!<*G<62!,#<!<6&6526%!>./!236!5*//6$2!<2*%9(!!
!
5.1 Event Set 
0!/6?46,!,#<!5.$%*526%!.>!5.++6/54#&!#?4#24.$!#554%6$2<!#$%!#!>6,!+#S./!4$54%6$2<(!0554%6$2<!
,6/6!%6>4$6%!#<!6?6$2<!,423!.$OG.#/%!>#2#&4246<(!=34&6!234<!4<!#!$#//.,6/O23#$O*<*#&!%6>4$424.$!.>!#$!
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#554%6$2UC!42!,#<!#!@/#5245#&!#@@/.#53!G65#*<6!42!,#<!/6&#24?6&9!6#<9!2.!4%6$24>9!6?6$2<!,423!>#2#&4246<(!
_$54%6$2<!,6/6!6?6$2<!,423!$.!>#2#&4246<!G*2!,423!#!<4;$4>45#$2!*@<62(!!
!
_$424#&&9C!#!&4<2!.>!#&&!/656$2!#554%6$2<!4$!&#/;6C!5.++6/54#&!2/#$<@./2<V!>/.+!PQQP!23/.*;3!PQIV!,#<!
5.+@4&6%(!0554%6$2<!,6/6!%/#,$!>/.+!236!6?6$2!%#2#G#<6!#2!322@<A]]#?4#24.$O<#>629($62!#$%!4$5&*%6%!
@#<<6$;6/!#$%!5#/;.!.@6/#24.$<(!0%%6%!2.!234<!<62!,6/6!6?6$2<!23#2!3#%!G66$!#$#&9Y6%!>./!236!E07H!
070!6>>./2A!23/66!#554%6$2<!23#2!.55*//6%!G62,66$!IaaJ!#$%!PQQP!#$%!<4L!4$54%6$2<W!>/.+!236!2#/;62!
@6/4.%!b<66!84;*/6!Ic(!0@@6$%4L!B!<3.,<!236!>*&&!<62!.>!PTQ!#554%6$2<!#$%!<4L!4$54%6$2<!4$!236!4$424#&!
<62(!H36<6!6?6$2<!/6@/6<6$2!JIJQ!.$OG.#/%!>#2#&4246<(!
!
_$!0@@6$%4L!BC!236!PTW!6?6$2<!#/6!&4<26%!G9!236!6?6$2!%#26!#$%!6#53!4<!+#/:6%!4$!.$6!.>!23/66!,#9<A!

I(!".,<!,423!;/69!4$!5.&*+$<!Voa!,6/6!/6+.?6%!>/.+!236!#$#&9<4<!<62!>./!.$6!.>!236!
>.&&.,4$;!/6#<.$<A!

k!H36!#4/5/#>2!,6/6!$.2!=6<26/$OG*4&2!#$%!2364/!#&6/24$;!<9<26+<!#$%!236!#554%6$2<!#/6!
&6<<O,6&&!%.5*+6$26%(!

k!H36!6?6$2!,#<!S*%;6%!2.!G6!&4:6&9!236!/6<*&2!.>!#$!4$26$24.$#&!#52!b6(;(C!26//./4<+C!<*454%6c(!
k!H36/6!,#<!$.!>4$#&!/6@./2!.$!236!#554%6$2(!
k!H36/6!,#<!$.!>4$#&!/6@./2!4$!N$;&4<3(!

P(!".,<!5.&./6%!;/66$!./!<#&+.$!#/6!236!V[!6?6$2<!23#2!,6/6!<6&6526%!>./!#$#&9<4<j!236!
<#&+.$O5.&./6%!/.,<!#/6!236!<*G<62!.>!PJ!6?6$2<!<6&6526%!>./!236!@/6<6$2!#$#&9<4<!b#&<.C!
236!K@6/#2./]8&4;32!4<!G.&%6%!>./!236<6!6?6$2<!4$!5#<6!9.*!#/6!&..:4$;!#2!#!G&#5:!#$%!
,3426!?6/<4.$c(!

T(!".,<!,423!$.!5.&./!,6/6!$.2!<6&6526%!>./!#$#&9<4<!b#<!%6<5/4G6%!4$!236!>.&&.,4$;!@#/#;/#@3<c(!
!
0<!84;*/6!I!4&&*<2/#26<C!#>26/!/6+.?4$;!236!h;/#96%i!6?6$2<!4$!236!0@@6$%4L!B!2#G&6C!#!2.2#&!.>!II[!.>!
236!PTW!6?6$2<!/6+#4$6%(!H34<!<62!.>!II[!h<6&652#G&6i!6?6$2<!,#<!236!<2#/24$;!@.4$2!>./!<6&6524$;!
6?6$2<!>./!#$#&9<4<[(!_$5&*%6%!4$!236!<6&6526%!<62!,6/6!236!IJ!6?6$2<!>/.+!236!E07H!070!6>>./2C!
,3453!3#%!#&/6#%9!G66$!#$#&9Y6%(!H36$C!<6&6524.$!@/6>6/6$56!,#<!;4?6$!2.!&#/;6/!#$%!$6,6/!
#4/@&#$6<C!#$%!23.<6!6?6$2<!,423!34;36/!>#2#&4246<(!!
!
H36!>4/<2!@#<<!23/.*;3!236!<6&652#G&6!6?6$2<!>.5*<6%!.$!236!&#/;6<2!#4/@&#$6<C!,3453!5/6#26!236!&#/;6<2!
6L@.<*/6!>./!236!>&94$;!@*G&45(!H36!&#/;6<2!5.++6/54#&!2/#$<@./2<gB.64$;!#$%!04/G*<!#4/@&#$6<!#$%!
236!+./6!/656$2!)5D.$$6&&OD.*;&#<!#4/@&#$6<!bDEOa<C!)DOJQ<C!)DOII<cg+#%6!*@!VIp!.>!236!
<6&652#G&6!6?6$2<!bWQ]II[cC!#$%!VQ!.>!23.<6!WQ!,6/6!<6&6526%!>./!#$#&9<4<(!0$!#%%424.$#&!/6#<.$!>./!
<#+@&4$;!>/.+!236<6!>&662<!4<!23#2!236<6!#4/@&#$6<!#/6!+./6!&4:6&9!2.!3#?6!+./6!5.+@&626!#$%!G6226/O
4$26;/#26%!#&6/24$;!<9<26+<(!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
U!8./!236!G/.#%6/!%6>4$424.$!.>!#$!#554%6$2C!<66!@#;6<!T!#$%!J!.>!236!B.64$;!#$$*#&!<2#24<245#&!<*++#/9!.>!
#554%6$2<!b322@A]],,,(<:9G/#/9(#6/.]G..:<36&>]G..:<]TJII(@%>c(!
V!-#/;6C!5.++6/54#&!2/#$<@./2<!4$5&*%6%!236!>.&&.,4$;A!#$%&'(!TQQC!TQQOWQQC!TIQC!TIJ]Ia]PQ]PIC!TTQC!TUQj!
#)*+)+,!IPC!PU]PV]PW]PJC!TPC!IUQ]IUJj!#-.!UPC![Pj!#,%+!"'O[QC!OJVC!OIQQj!/#0!IOIIj!/#1!IUWj!/+1$)2!
[Q[C![I[C![P[C![T[OIQQ]PQQC![T[OTQQ]UQQ]VQQC![T[OWQQ][QQ]JQQ]aQQC![U[OIQQ]PQQC![U[OUQQC![V[C![W[C![[[j!
/+3&4%5$1%!E"'OIQQC!OPQQC!O[QQC!OaQQC!OIQQQj!6174,$884)5!D1EOJj!6+%)$1%!PPJj!93&%41%!IPQC!I[Q]I[VC!
IaQ]IaVj!:+;;1%!P[C!PJC!VQC![QC!IQQj!<8='(>$)!WPC![WC!JWj!?+@;>115!-OIQIIj!A6B6+'284(!)DOIIC!)DOJPC!
DEOTC!DEOJC!)DOJT]DEOaC!DEOIQj!C44&!TUQ0]Bj!CD14%$)21)!PPW]PP[j!-'E+81,!ITUC!IVUC!PQUj!F4;+,81,!
UQ]UP(!
"!_$54%6$2<!#/6!42#&454Y6%!4$!236!2#G&6!#$%!3#?6!Q!>#2#&4246<(!
[!_2!,#<!$.2!@/#5245#&!2.!#$#&9Y6!#&&!II[!6?6$2<(!
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H36!/6+#4$4$;!6?6$2<!<6&6526%!>./!#$#&9<4<!6+@3#<4Y6%!6?6$2<!,423!34;36/!>#2#&4246<!#$%!6?6$2<!
4$?.&?4$;!$6,6/!#4/@&#$6<C!,3453!.>>6/!+./6!4$26;/#26%!#&6/24$;!<536+6<(!H36!>4$#&!<6&6526%!<62!>./!
236!&#/;6/!<2*%9!4$5&*%6<!V[!6?6$2<(!K?6/#&&C!236!<62!<6&6526%!>./!#$#&9<4<!/6@/6<6$2<![Ip!.>!236!
>#2#&4246<!4$!236!<62!.>!<6&652#G&6!6?6$2<!bTJUa]VUQQcC!#$%!U[p!.>!236!>#2#&4246<!4$!236!>*&&!<62!.>!PTW!
6?6$2<!bTJUa]JIJQc(!!
!

!!
/+?0-($KC$!(>(6)+&#$&=$"66+1(#)'$"#1$+#6+1(#)'$=&-$)7($60--(#)$"#">.'+'C$

!
!

84$#&&9C!>/.+!234<!<62!.>!V[!6?6$2<C!,6!4%6$24>46%!23.<6!6?6$2<!4$!,3453!236/6!,#<!#$!6$6/;9O<2#26!
+#$#;6+6$2!4<<*6!./!#!&.<<!.>!#2242*%6!#,#/6$6<<g23#2!4<C!070O29@6!6?6$2<(!H34<!4<!236!<*G<62!.>!PJ!
6?6$2<!#$#&9Y6%!36/6(J!
!
5.2 Analysis Procedure 
5.2.1 Data Gathered 

N#53!.>!236!<6&6526%!6?6$2!/6@./2<!,#<!/6?46,6%!2.!5#@2*/6!236!>.&&.,4$;!4$>./+#24.$A!
k!6?6$2!%#26!
k!#4/&4$6].@6/#2./!#$%!>&4;32!$*+G6/!b,36$!236!/6@./2!;#?6!.$6c!
k!&.5#24.$!.>!6?6$2!
k!#554%6$2!5#26;./9!b6(;(C!5.$2/.&&6%!>&4;32!4$2.!26//#4$!mE8_Hnc!
k!#4/@&#$6!+#$*>#52*/6/!#$%!29@6!b6(;(C!B.64$;![T[OJQQc!
k!@3#<6!.>!>&4;32!,36$!6?6$2!.55*//6%!
k!&.5#&!24+6!,36$!6?6$2!.55*//6%!
k!,6#236/]?4<4G4&429!b4$<2/*+6$2!+626./.&.;45#&!5.$%424.$<!m_)En!./!?4<*#&!+626./.&.;45#&!

5.$%424.$<!m`)Enc!
k!.$OG.#/%!>#2#&4246<!
k!E#@2#4$f<!2.2#&!>&4;32!3.*/<!#$%!24+6!.$!29@6!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
J!7@#$#4/!VQPP!#$%!\H!04/!IPQ!6$%6%!>/.+!#!<2#&&!G*2!,6/6!$.2!4$5&*%6%(!7@#$#4/!2..:!.>>!,423.*2!G64$;!
5.$>4;*/6%!>./!2#:6O.>>!#$%!,#<!$.2!5.$2/.&&#G&6C!5/#<34$;!<3./2&9!#>26/!2#:6O.>>(!\H!04/!,#<!<*GS6526%!2.!
<4;$4>45#$2!454$;!@/4./!2.!2#:6O.>>!#$%!,#<!#&<.!$.2!5.$2/.&&#G&6C!5/#<34$;!<3./2&9!#>26/!2#:6O.>>(!!

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

"22%+,,-.&/'0%34%5+'+2-'-&0
*66* 7*6)8(
*)9%+,,-.&/'0

:&&;

.-0,+<.
7=>/ 73&0'&</7?@-2'%+-<;2+/&0
7$&<<><-0'%&A&/'0%B2-:&2CD
7#@-,-.&%&A&/'0%B2-:&2CD
7=>%5-/+2<&;><'
7=>%5-/+2%<&;><'%-/%E/F2-0G

!"#
$$%

0&2&,'%+
0@?0&'%5><
+/+2C0-0

&%

!'

0&2&,'%"#"
&A&/'0

!"#$ "#"%#&'
!"#$%"#"%#&'

!"#$%"#"%#&'

H H
H

H

II%+,,-.&/'0
JI%+,,-.&/'0

)6%+,,-.&/'0

()*+,-./*
./,/0*+1,/-./*

2+34/-56+,7898
./*

5.5-./*
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k!84/<2!K>>456/f<!b8Kc!2.2#&!>&4;32!3.*/<!#$%!24+6!.$!29@6!
k!,3.!,#<!236!@4&.2!>&94$;!bR8c!,36$!236!6?6$2!.55*//6%!bE#@2#4$!./!8Kc!
k!,3#2!#4/@&#$6O/6&#26%!3#Y#/%<!.55*//6%!%*/4$;!236!>&4;32aj!236<6!4$5&*%6%A!

o!30)&<+>&)$1+'(#?"?((!0!53#$;6!>/.+!6$;#;6%!2.!%4<6$;#;6%C!G*2!,6!.$&9!5.*$26%!236!
5#<6<!4$!,3453!236!>&4;32!5/6,!,#<!*$#,#/6!.>!236!#*2.@4&.2!%4<6$;#;6+6$2!<4$56!42!4<!
.>26$!236!/6<*&2!.>!236!@4&.2!%4<6$;#;4$;!42(!!

o!30)&)7-&))>($1+'(#?"?((!0!53#$;6!>/.+!6$;#;6%!2.!%4<6$;#;6%!,423.*2!@4&.2!4$@*2(!
o!U-&0#1$<-&:+4+).!bH6//#4$!0,#/6$6<<!#$%!=#/$4$;!79<26+!mH0=7ncA!<4$:!/#26C!26//#4$C!

@*&&!*@c(!H36!#4/@&#$6!4$#@@/.@/4#26&9!>&6,!$6#/!26//#4$(!
o!D4<(#1+#?$6&>>+'+&#!bHE07c(!H36!#4/@&#$6!,#<!.$!5.*/<6!2.!5.&&4%6!,423!#$.236/!#4/@&#$6(!
o!V"#@$"#?>((!236!#4/@&#$6!/.&&6%!./!,#<!/.&&6%!G69.$%!TV¡(!
o!W&B$"+-'<((1(!04/<@66%!%/.@@6%!G6&.,!$./+#&!.@6/#24$;!<@66%<(!!
o!3<<-&"67$)&$')">>R')">>(!04/@&#$6!#$;&6!.>!#22#5:!4$5/6#<6%!2.!#!@.4$2!,36/6!236!#4/@&#$6!

,#<!5&.<6!2.!<2#&&4$;!./!<2#&&6%(!
o!T,(-'<((1(!04/<@66%!6L566%6%!$./+#&!.@6/#24$;!<@66%<(!
o!*#-(>+"F>($"+-'<((1(!04/<@66%!4$%45#24.$!G65#+6!6//.$6.*<!%*6!2.!#!>#*&2!4$!#4/!%#2#j!#2!

&6#<2!.$6!.>!236!#4/<@66%!4$%45#2./<!G65#+6!4$?#&4%!G*2!,#<!$.2!&#G6&6%!#<!4$?#&4%(!
o!3+-<>"#($+6+#?(!_54$;!.$!236!#4/@&#$6!<*>>4546$2!2.!53#$;6!236!#6/.%9$#+45!@/.@6/246<!.>!

236!#4/@&#$6(!
o!*#-(>+"F>($"))+)01($+#=&-4")+&#(!K$6!.>!236!#2242*%6!4$%45#2./<!G65#+6!4$?#&4%!bG*2!,#<!

$.2!&#G6&6%!#<!4$?#&4%c(!
o!;"@(P&==$6&#=+?0-")+&#(!H36!#4/@&#$6!,#<!$.2!@/.@6/&9!5.$>4;*/6%!>./!2#:6O.>>C!&6#%4$;!2.!

4$<*>>4546$2!&4>2!2.!>&9!#2!236!6L@6526%!2#:6O.>>!<@66%(!
o!;"@(P&==$<(-=&-4"#6((!H36/6!,#<!4$<*>>4546$2!23/*<2!>./!2#:6O.>>!,423!236!#?#4&#G&6!

/*$,#9!&6$;23(!
o!W"#1+#?$6&#=+?0-")+&#R7+?7P(#(-?.$"<<-&"67(!H36!#4/@&#$6!&#$%6%!>#<2C!./!236!#@@/.#53!

,#<!#G.?6!236!;&4%6@#23!./!>#<2C!+#:4$;!42!%4>>45*&2!2.!+#$#;6!236!&#$%4$;(!
o!3'.44()-+6$)7-0')(!H3/*<2!.$!236!6$;4$6<!,#<!$.2!+#2536%!.$!236!2,.!6$;4$6<(!
o!/>"<$"'.44()-.(!8&#@!@.<424.$!,#<!$.2!+#2536%!.$!236!2,.!,4$;<(!
o!O+#1'7("-(!0!53#$;6!4$!,4$%!<@66%g4$!<.+6!5#<6<C!#!%.,$,#/%!+45/.G*/<2!.>!#4/g23#2!

5/6#26<!<*%%6$!<34>2<!4$!#4/<@66%(!!
o!8"F+#$">)+)01(!b@/6<<*/6c(!R/6<<*/6!,#<!$.2!+#4$2#4$6%!4$!236!#4/@&#$6!#<!42!5&4+G6%C!#$%!

236!#4/@&#$6!5.*&%!$.2!<*<2#4$!3*+#$!&4>6(!
o!9#?+#($="+>R(#?+#($&0)(!-.<<!.>!#$!6$;4$6!4$!>&4;32(!

k!,36236/!#$9!3#Y#/%!23#2!.55*//6%!3#%!#$!#&6/2!246%!2.!42!
k!#&&!236!#4/@&#$6!#&6/2<!23#2!.55*//6%C!4$!./%6/C!%*/4$;!236!>&4;32!b2#:6$!>/.+!236!>&4;32!%#2#!

/65./%6/!m8D"n!#$%!5.5:@42!?.456!/65./%6/!mE`"nc!
k!,3#2!#524.$b<c!236!R8!<3.*&%!3#?6!2#:6$!4$!/6<@.$<6!2.!236!3#Y#/%!
k!,3#2!#524.$b<c!236!R8!#52*#&&9!2..:!
k!,3#2!#524.$b<c!236!R)!b@4&.2!+.$42./4$;c!2..:!
k!#!<3./2!<9$.@<4<!.>!236!6?6$2C!4$5&*%4$;!#!5.$26L2!>./!236!#&6/24$;!
k!,36236/!#&6/24$;!,#<!+6$24.$6%!4$!236!/6@./2!#<!#!>#52./!4$!236!#554%6$2!

!
5.2.2 Judgement Regarding Alerting Failure 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
a!M.26!23#2!3#Y#/%<!23#2!.55*//6%!"=)(-!236!#4/@&#$6!,#<!4$!#$!*$/65.?6/6%!*@<62!5.$%424.$C!<*53!#<!.?6/<@66%!
./!;/.*$%!@/.L4+429C!,6/6!$.2!5.*$26%(!!
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8./!6#53!3#Y#/%!4$!6#53!6?6$2C!,6!+#%6!#!S*%;+6$2C!G#<6%!.$!236!>4$%4$;<!>/.+!236!#554%6$2!./!
4$54%6$2!/6@./2C!#G.*2!,36236/!#$%!,36/6!236!4$26;/#26%!#&6/24$;O2.O/65.?6/9!<6^*6$56!G/.:6!%.,$(!
H36!S*%;+6$2!,#<!#@@&46%!2.!6#53!3#Y#/%!23#2!.55*//6%(!H36!>.&&.,4$;!#/6!236!@.<<4G&6!,#9<!4$!
,3453!#&6/24$;!5.*&%!G/6#:!%.,$C!./;#$4Y6%!4$2.!>#4&*/6!5#26;./46<!G9!236!<26@<!.>!236!4$26;/#26%!
#&6/24$;O2.O/65.?6/9!<6^*6$56IQ(!

I(!H36!@4&.2!%4%!$.2!&-+(#)$)&$"#$+4<&-)"#)$67"#?(C!H34<!4<!G/.:6$!.*2!4$2.!5#<6<!4$!,3453!236/6!
,#<!$.!#&6/2!4$!236!#4/@&#$6!#$%!5#<6<!4$!,3453!236!#&6/2!.55*//6%!G*2!,#<!$.2!%626526%!G9!236!
@4&.2]>&4;325/6,(!

0(!H36/6!,#<!$.!#&6/2!
k! $.!#&6/2!6L4<2<!4$!236!#4/@&#$6!>./!234<!3#Y#/%!
k! #$!#&6/2!6L4<26%!G*2!>#4&6%!2.!@6/>./+!b6(;(C!+#&>*$524.$c!
k! #&6/2!.55*//6%!2..!&#26!2.!/65.?6/!>/.+!236!3#Y#/%!<.!23#2!42!,#<!6^*4?#&6$2!2.!$.2!

.55*//4$;!b#<!%626/+4$6%!4$!236!#554%6$2!/6@./2c!
B(!0&6/2!,#<!$.2!%626526%!G9!236!R8(!H36!#&6/2!,#<!@/6<6$2!>./!+./6!23#$!V!<65.$%<!

b#52*#&!24+6<!/#$;6%!>/.+![!<65.$%<!2.!<6?6/#&!+4$*26<cC!#$%!236/6!,#<!$.!6?4%6$56!
23#2!236!#&6/2!,#<!%626526%j!<@654>45#&&9C!236!@4&.2!2..:!$.!#524.$<!23#2!,.*&%!G6!
#@@/.@/4#26!2.!/6<@.$%!2.!236!#&6/2C!#$%!236!>&4;32!5/6,!%4%!$.2!%4<5*<<!236!3#Y#/%(!

k! #&6/2!*<6%!236!?4<*#&!+.%#&429!.$&9!b,36$!42!<3.*&%!3#?6!3#%!2,.!+.%#&4246<c!
k! @4&.2f<!#226$24.$#&!/6<.*/56<!,6/6!.?6/,36&+6%!b6(;(C!53#$$6&4Y6%!#226$24.$c!./!

>.5*<6%!6&<6,36/6C!@/6?6$24$;!%626524.$!
k! #&6/2!,#<!+#<:6%!./!34%%6$!!
k! #&6/2!%*/#24.$!,#<!2..!<3./2!2.!$.2456!

!

P(!!H36!@4&.2!%4%!$.2!0#1(-')"#1$)7($#")0-($&=$)7($67"#?(C!H36!@4&.2!,#<!#,#/6!23#2!#$!#&6/2!
.55*//6%!G*2!%4%!$.2!*$%6/<2#$%!,3#2!236!#&6/2!,#<!5.$?694$;!#G.*2!236!3#Y#/%(!!

k! 236!#&6/2!+6<<#;6!bN_E07!./!NE0)c!%4%!$.2!<@654>9!236!3#Y#/%!%4/652&9C!./!42!
,#<!+4<&6#%4$;!

k! 236!#&6/2!,#<!6#<4&9!5.$>*<6%!,423!#$.236/!#&6/24$;!5.$%424.$!
k! +*&24@&6!#&6/24$;!5.$%424.$<!,6/6!246%!2.!#!<4$;&6!#&6/2!
k! @4&.2!,#<!$.2!<*>>4546$2&9!2/#4$6%!2.!*$%6/<2#$%!236!#&6/2!
k! @4&.2!<66+6%!2.!G6&46?6!23#2!236!@/.G&6+!,#<!<.+6234$;!6&<6!bG#<6%!.$!<2#26+6$2<!

#$%]./!G63#?4./c!
!

T(!!H36!@4&.2!%4%!$.2!+1(#)+=.$"<<-&<-+")($"6)+&#'$)&$)"@((!H36!@4&.2!,#<!#,#/6!23#2!#$!#&6/2!
.55*//6%!#$%!*$%6/<2..%!236!$#2*/6!.>!23#2!#&6/2!G*2!@6/>./+6%!#524.$<!.236/!23#$!236!
#@@/.@/4#26!#524.$<(!

k! #@@/.@/4#26!#524.$<!,6/6!$.2!2/#4$6%!!
k! @4&.2!@6/>./+6%!#524.$<!%4>>6/6$2!>/.+!23.<6!2/#4$6%!./!4$!.@6/#24.$#&!;*4%#$56!
k! #@@/.@/4#26!#524.$<!#/6!$.2!,6&&O<@654>46%!4$!@/.56%*/6<!!
k! 236/6!4<!$.!6L@&4542!&4$:!.$!236!4$26/>#56!>/.+!236!#&6/2!2.!236!#@@/.@/4#26!#524.$<!

b>./!5365:&4<2<c!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
IQ!H36!@.<<4G&6!,#9<!4$!,3453!236!#&6/24$;O2.O/65.?6/9!<6^*6$56!>#4&6%!#/6!<2#26%!4$!26/+<!.>!236!@4&.2f<!
@6/>./+#$56(!H34<!#@@/.#53!,#<!2#:6$!G65#*<6!236!@4&.2f<!G63#?4./!5#$!G6!*<6%!#<!6?4%6$56!.>!#!>#4&*/6(!8./!
6L#+@&6C!4>!236!@4&.2f<!/6<@.$<6!2.!236!3#Y#/%!,#<!$.2!#@@/.@/4#26!#55./%4$;!2.!2/#4$4$;C!234<!,#<!*<6%!2.!
4$%45#26!#!>#4&*/6!#2!23#2!@.4$2!4$!236!#&6/24$;O2.O/65.?6/9!<6^*6$56(!=6!#/6!#&)!<*;;6<24$;!23#2!236!5#*<6!.>!236!
>#4&*/6!4<!236!@4&.2C!#<!,4&&!G6!5&6#/!G6&.,(!
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U(!!H36!@4&.2!%4%!$.2!+1(#)+=.$)7($<-+&-+).$=&-$)7($"6)+&#'(!H36!@4&.2!,#<!#,#/6!23#2!#$!#&6/2!
.55*//6%C!*$%6/<2..%!236!$#2*/6!.>!23#2!#&6/2C!#$%!:$6,!236!#@@/.@/4#26!#524.$<!2.!2#:6C!G*2!
%4%!$.2!@/4./424Y6!236!#524.$<!#@@/.@/4#26&9!!

k! @4&.2!,#<!/6<@.$%4$;!2.!<.+6!.236/!3#Y#/%!./!2#<:!23#2!,#<!&6<<!4+@./2#$2!
!

V(!!H36!@4&.2!%4%!$.2!(:(60)($)7($"6)+&#'$(==+6+(#)>.A$"660-")(>.A$"#1$6&4<>()(>.(!H36!@4&.2!,#<!
#,#/6!23#2!#$!#&6/2!.55*//6%C!*$%6/<2..%!236!$#2*/6!.>!23#2!#&6/2C!:$6,!236!#@@/.@/4#26!
#524.$<!2.!2#:6C!@/4./424Y6%!236!#524.$<!#@@/.@/4#26&9C!G*2!%4%!$.2!@6/>./+!23.<6!#524.$<!,6&&(!
H34<!4<!G/.:6$!.*2!4$2.!#!@6/>./+#$56!@/.G&6+!./!#!%654<4.$!2.!$.2!2#:6!236!#@@/.@/4#26!
#524.$<!b#!?4.&#24.$c(!!!

0(!H36!@4&.2!#226+@26%!2.!@6/>./+!236!#@@/.@/4#26!#524.$<!G*2!>#4&6%!2.!@6/>./+!236+!
#%6^*#26&9!2.!#?.4%!236!#554%6$2!./!4$54%6$2!

k! @4&.2!#524.$!24+4$;C!<2/6$;23!./!<@66%!
k! >#4&6%!2.!2#:6!#524.$<!5.+@&626&9!b,#<!+.<2&9!5.//652c!
k! #!+4<+#253!G62,66$!@4&.2!#524.$<!#$%!236!#*2.>&4;32!./!#*2.23/.22&6!<2#26!

B(!H36!>&4;32!5/6,!./!@4&.2!53.<6!$.2!2.!@6/>./+!236!#@@/.@/4#26!#524.$<C!,3453!4<!
#!?4.&#24.$!

k! @4&.2!*$%6/6<24+#26%!236!/4<:!.>!$.2!5.+@&94$;!./!@/6?4.*<!6L@6/46$56!<*;;6<26%!
236!#524.$<!,6/6!$.2!$656<<#/9!

k! 236!#&6/2!,#<!/6;#/%6%!#<!#!$*4<#$56!./!4$?#&4%!#&6/2!23#2!%4%!$.2!/6^*4/6!#524.$!
!
!
6. Results 
0@@6$%4L!E!@/.?4%6<!236!S*%;+6$2!/6<*&2<!.$!#&&!PJ!6?6$2<!#$%!#&<.!@/.?4%6<!#!<3./2!%6<5/4@24.$!.>!
6#53!6?6$2(!H#G&6!P!@/6<6$2<!#!<*++#/9!.>!236!>#4&*/6<!4$!236!4$26;/#26%!#&6/24$;O2.O/65.?6/9!
<6^*6$56(!1#Y#/%<!#/6!&4<26%!%.,$!236!&6>2!<4%6C!4$!236!./%6/!.>!3.,!>/6^*6$2&9!2369!.55*//6%!4$!!
236!6?6$2!<62(!05/.<<!236!2.@!#/6!236!?#/4.*<!34;3O&6?6&!5#26;./46<!.>!#&6/24$;!>#4&*/6!@.4$2<C!,3453!#/6!
&4<26%!4$!76524.$!V(P(P(!M.26!23#2!$64236/!#!@/4./429!>#4&*/6!bUc!$./!#!?4.&#24.$!>#4&*/6!bVBc!.55*//6%!4$!
234<!6?6$2!<62!#$%!236/6!4<C!236/6>./6C!$.!5.&*+$!>./!236<6!2,.!5#26;./46<(!H.2#&<!#/6!@/6<6$26%!#2!236!
6$%!.>!6#53!/.,!#$%!5.&*+$C!,423!#$!.?6/#&&!2.2#&!.>!VP!#$#&9Y6%!3#Y#/%<!#5/.<<!PJ!
#554%6$2<]4$54%6$2<(!K$6!.>!236!&.,!#4/<@66%!6?6$2<!#$%!.$6!.>!236!#@@/.#53!2.!<2#&&!6?6$2<!,6/6!
/65.?6/6%!<*556<<>*&&9j!<.C!,34&6!236<6!3#Y#/%<!.55*//6%C!2369!%4%!$.2!>#52./!4$2.!236!>#4&*/6!<62(!
H36/6>./6C!236/6!,6/6!VU!3#Y#/%<!23#2!.55*//6%!G*2!.$&9!VP!3#Y#/%<!23#2!3#%!#!>#4&*/6!4$!236!
4$26;/#26%!#&6/24$;O2.O/65.?6/9!<6^*6$56j!236!.236/!2,.!,6/6!+#$#;6%!./!/65.?6/6%(!

!
=6!5#$!#&<.!&..:!#2!236<6!>#4&*/6!5#26;./46<!G9!6?6$2(!8./!6#53!6?6$2C!,3453!+4;32!3#?6!
<6?6/#&!3#Y#/%<C!,6!4%6$24>46%!236!h6#/&46<2i!>#4&*/6!5#26;./9!23#2!,#<!+#/:6%!4$!236!
4$26;/#26%!#&6/24$;O2.O/65.?6/9!<6^*6$56(!8./!6L#+@&6C!4>!236/6!,#<!#!>#4&*/6!%*6!2.!h$.!
#&6/2Ci!23#2!5.&*+$!,#<!+#/:6%!6?6$!4>!236/6!,6/6!>#4&*/6<!4$!&#26/!5#26;./46<(!!

!
! !
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!
! "# $%&'()!

*'+',-+-./ !
0-(1,'#. ! "1.('+&(2*,-34+! 5&.-#3! 0-(%6/! "+4.(!

7.+!
"+4.(!
8(&1!

9.'/&#! 9.:&;.) !

<=>=!
>2<?! R=! 5!CAC$H==! ?%<#=@#&6(9*A( D! ! ! ! !
A2<<! <! W:%!><=! 0-(K&(+4! ! ! ! ! !
@2>A! ?! 0!A==$<==! 0.(&6#-&#! ! ! ! ! K&!L-#',!'GG-).#+!(.1&(+!
@2<>! A! 0#+&#&;!><! 0,:'+O!0;-'+-&# ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
?2><! >=A! 0!AA=$<==! -$'#B#C&<(,,+( ! D! ! ! !
?2>?! H! 0#+&#&;!<H! 5,6.!\-#3 ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
?2>C! @@! 0#+&#&;!<@! 8':-( ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
?2<<! >?H! 5!CAC$H==! 0-(!T#)-'!WD1(.//!H><! D! ! ! ! !
C2<H! >?<! 0!A<>$<==! 0-(%,6.!<=<! ! D! ! ! !
H2A! ><! 0#+&#&;!<@! ]'+.U';-' ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
H2>I! <! 5!CAC$C==! 0-(./!H<?=! D! ! ! ! !
H2<@! @@! W:%!>R=! Z.#'# ! ! ! ! ! 0GG-).#+!(.1&(+!K"B!-#!W#3,-/4!
H2<@! >@! S&(#-.(!<<H! 03#-!0-(! ! ! ! ! !
R2A! <! 5!C@C$@==! V8J!I ! D! ! ! ! !
R2>A! >C! 0B9!@<! Q&#;-'//' ! ! ! ! ! !
>>2@! IH! 0B9!C<! 0.(&G'(-%%.'#! ! ! ! ! K&!L-#',!'GG-).#+!(.1&(+!
>>2>>! I ! 0#+&#&;!<@! B'(G&! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
>>2<H! H! T,O6/4-#!CI! J6#!\'O ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
><2@! <! B61&,.;!>?@! S'3./+'# ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !

<==R!
>2<C! =! 0B9!@<! !"#$%&'($%)$*&+',-,.' ! ! ! D! !
<2><! @R! SZQ$H!@==! D=7E&6(29*,( ! ! ! D! !
<2<=! ?! 0#+&#&;!><! 0.(&,-L+! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
<2<?! R! 5!CAC$H==! ;F'G#.<(+A)+( D! ! ! ! !
A2R! >>! T,O6/4-#!CI! 0.(&,-L+! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
A2<A! <! MS!>>! *.)WD!H=! ! ! D! ! !
@2R! I ! 5'.!>@I ! 0;-'/+'( ! ! ! D! ! !
@2<R! C! 5!CAC$<==! 5'U&!0-(! ! ! ! ! K&!L-#',!'GG-).#+!(.1&(+!
?2<I! A! 0#+&#&;!<I! J.(;-G./!0-( ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
I2>! <<H! 0!AA=$<==! -#'(H'&6I8(99, ( ! D! ! ! !
I2A=! >?<! 0!A>=$A==! ^.:.#-' ! ! ! ! ! 0GG-).#+!(.1&(+!K"B!-#!W#3,-/4!
C2>?! >IH! B61&,.;!>?@! Q'/1-'# ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
C2<@! >I ! T,O6/4-#!I<! S.+'!0-( ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !

! !
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 On-board 

Fatalities 
Airplane Operator/Flight Boeing Airbus Other 

Jet 
Other 
Prop 

Reason Removed 

2009 (continued) 
8/4 1 ATR 72 Bangkok Airways      
8/26 6 Antonov 12 Aerofret     Non-western airplane 
10/17 4 Douglas DC-3 Victoria Air      
10/21 6 B 707-300 AZZA     No final accident report 
11/12 1 Bomb CRJ-100 Rwandair      
11/28 3 MD 11 Avient 324   x   

2008 
2/21 46 ATR 42 Santa Barbara Airlines     Accident report NOT in English 
4/3 19 Antonov 28 Blue Wing     Non-western airplane 
4/9 1 Swearngn 227 Airtex      
4/11 8 Antonov 32 Kata Air     Non-western airplane 
4/15 3 DC-9-51 Hewa Bora Airways     No final accident report 
5/26 9 Antonov 12 Moskavia     Non-western airplane 
5/30 3 A 320-300 TACA International     No final accident report 
6/10 30 A 310-300 Sudan Airways 109  x    
6/27 7 Antonov 12 Juba Air     Non-western airplane 
6/30 4 Ilyushin 76 Ababeel     Non-western airplane 
7/6 1 DC-9-15 USA Jet Airlines      
8/13 3 Fokker 27 Fly 540      
8/20 154 MD 82 Spanair 5022   x   
8/24 65 B 737-200 Itek Air 6895 x     
8/30 3 B 737-200 Conviassa SA     Accident report NOT in English 
9/14 88 B 737-500 Aeroflot-Nord 821 x     
11/13 7 Antonov 12 British Gulf Int’l     Non-western airplane 
11/27 7 A 320-200 XL Airways 888  x    

2007 
1/1 102 B737-400 Adam Air 574 x     
1/9 34 Antonov 26 Aeriantur     Non-western airplane 
3/7 21 B 737-400 Garuda 200 x     
3/17 6 Tupolev 134 UTAir     Non-western airplane 
3/23 11 Ilyushin 76 Transavia export     Non-western airplane 
5/5 114 B 737-800 Kenya Airways 507 x     
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! "# $%&'()!
*'+',-+-./ !

0-(1,'#. ! "1.('+&(2*,-34+! 5&.-#3! 0-(%6/! "+4.(!
7.+!

"+4.(!
8(&1!

9.'/&#!9.:&;.) !

<==C!_G&#+-#6.)`!
I2<?! <<! 0#+&#&;!<@! 8MB!0-(! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
I2<H! ?! 5!CAC$<==! B00E ! ! ! ! ! K&!L-#',!'GG-).#+!(.1&(+!
C2>C! >HC! 0!A<=$<==! B0M!0-(,-#./!A=?@! ! D! ! ! !
C2<A! >! 0#+&#&;!<@! 0b6-,-#.! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
C2<R! C! 0#+&#&;!><! 0B90K ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
H2<I! >@! 0#+&#&;!A<! EP5Q! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
R2C! H! 0#+&#&;!><! B('#/';-'!J.(;-G. ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
R2>I! R=! MS!H<! >$<$E&!<IR! ! ! D! ! !
R2<A! =! 5!CAC$A==! /01"+1*2)3 ' D! ! ! ! !
R2<R! C! 0#+&#&;!><! ]KE!B('#/';-' ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
>=2@! <>! 0#+&#&;!<I! W,!J':!0-(,-L+! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
>>2A=! ?C! SQ$R$HA! 0+,'/!T#+a#,!0-(,-#./! ! ! ! ! K&!L-#',!'GG-).#+!(.1&(+!

<==I!
<2H! >! JF.'(#3#!<<I ! B(-G&'/+',!0-(! ! ! ! ! !
@2>I! >! *&UU.(!<C! B0M ! ! ! ! ! !
?2A! >>A! 0!A<=$<==! -'N&P#&(-#'7#68.(A1,( ! D! ! ! !
C2C! I ! 0#+&#&;!><! M'#3&! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
C2R! ><?! 0!A>=$A==! JC!0-(,-#./!CCH! ! D! ! ! !
C2>=! @?! *&UU.(!<C! 8T0! ! ! ! ! !
H2A! >C! 0#+&#&;!<H! B90QW8$Q&#3&! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
H2<<! >C=! B61&,.;!>?@! 86,U&;&! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
H2<C! @R! 5&:%!Q97$>==! Q&:'-( ! ! ! ! ! !
R2>! <H! B61&,.;!>?@! T('#!0-(!B&6(/! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
R2<R! >?@! 5!CAC$H==! E&,!>R=C! D! ! ! ! !
>=2<R! RI! 5!CAC$<==! -QD()2 ( D! ! ! ! !
>>2>H! I ! 5!C<C$<==! 0.(&/6G(.! ! ! ! ! !

<==?!
>2H! I ! 0#+&#&;!><! J.(;-G./!0-( ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
<2A! C! T,O6/4-#!CI! 0-(!\./+ ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
<2A! >=?! 5!CAC$<==! ]':!0-( ! ! ! ! ! K&!L-#',!'GG-).#+!(.1&(+!
A2>I! <H! 0#+&#&;!<@! 9.3-&#',!0-(,-#./ ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
A2<A! H! T,O6/4-#!CI! 0-(,-#.!B('#/1&(+! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
A2A>! A! 0#+&#&;!<H! E('#!8(&1.,,.( ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
@2<=! A! 5!C=C$A==! J'4'!0-( ! ! ! ! ! !

! !
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!
! "# $%&'()!

*'+',-+-./ !
0-(1,'#. ! "1.('+&(2*,-34+! 5&.-#3! 0-(%6/! "+4.(!

7.+!
"+4.(!
8(&1!

9.'/&#!9.:&;.) !

<==@!_G&#+-#6.)`!
>=2>@! C! 5!C@C$<==! M]!0-(,-#./!>I=< ! D! ! ! ! !
>=2>@! <! 5&:%!Q97$<==! K&(+4F./+!0-(,-#U! ! ! ! ! !
>=2>?! A! S&63,'/!SQ$A! 0.(&;'#36'()-' ! ! ! ! ! !
>>2<>! ?A! 5&:%!Q97$<==! Q4-#'!^6##'# ! ! ! ! ! 0GG-).#+!(.1&(+!K"B!-#!W#3,-/4!
>>2A=! <?! SQ$R$H<! P-&#!0-(! ! ! ! ! !
><2>>! >! T,O6/4-#!CI! 0-(,-#.!B('#/1&(+! ! ! ! ! K&#$F./+.(# !'-(1,'#. !

<==A!
>2H! C?! 0;(&!97>==! B6(U-/4!0-(,-#./! ! ! ! ! 0GG-).#+!(.1&(+!K"B!-#!W#3,-/4!
>2R! @I! *&UU.(!<H! B0KJ!0-(,-#./ ! ! ! ! ! !
>2>C! C! 0#+&#&;!<@! 0.(&G&: ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
>2A>! I ! T,O6/4-#!CI! W6(&!0/-'!0;-'+-&#! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
<2>=! <! 0#+&#&;!<H! W#-:.D! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
A2I! >=<! 5!CAC$<==! -#'(-7E8'#8(15/A( D! ! ! ! !
?2<I! C?! ^'U&;,.;!@<! VM!0-( ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
I2<<! >! 5&:%!Q97$>==! 5(-+!0-(! ! ! ! ! !
C2H! >>I! 5!CAC$<==! J6)'#!0-(F'O/ ! ! ! ! ! !
C2>R! >@! JF.'(#3#!<<I ! 9O'#!5,'U.!0-(!Q4'(+.(! ! ! ! ! ! !
>>2>C! >A! 0#+&#&;!><! J'(-+!0-(,-#./ ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
>>2<R! >! JF.'(#3#!<<C! 0:.(-L,-34+! ! ! ! ! !
><2>H! A! SQ$R$>?! P0!J6.':.(-G'#'/ ! ! ! ! ! !
><2<?! >@>! 5!C<C$<==! VB0 ! ! ! ! ! !

<==<!
>2>@! A! W:%!><=! T%.(+('#/!0.(.' ! ! ! ! ! !
>2>I! >! 5!CAC$A==! E'(6)' ! ! ! ! ! !
>2<<! =! 5!C?C$<==! ?=&)>*5'($%'@AB' D! ! ! ! !
>2<H! R@! 5!C<C$>==! B0MW!><=! ! ! ! ! !
<2C! H! 0#+&#&;!><! X&,'(. ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
<2><! >>R! B61&,.;!>?@! T('#!0-(!B&6(/! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
<2>?! >! 0#+&#&;!><! B-(':';-' ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
@2><! <! JF.'(#3#!<<C! B')'-( ! ! ! ! ! !
@2>?! ><R! 5!CIC$<==! 0-(!Q4-#'!><R! D! ! ! ! !
@2>R! A! 0#+&#&;!A<! JWPX0!Q&,&:%-'! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
?2@! C>! 50Q!>>>! W0J!0-(,-#./!K-3.(-' ! ! ! ! ! !

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

0-(1,'#. ! "1.('+&(2*,-34+! 5&.-#3! 0-(%6/! "+4.(!
7.+!

"+4.(!
8(&1!

9.'/&#!9.:&;.) !

<==<!_G&#+-#6.)`!
?2C! >@! 5!CAC$?==! W3O1+'-(!H@A! D! ! ! ! !
?2C! >><! SQ$R$H<! Q4-#'!K&(+4.(#! ! ! ! ! 8'//.#3.(!/6-G-).!/6/1.G+.) !
?2<?! <<?! 5!C@C$<==! Q4-#'!0-(,-#./ ! ! ! ! ! !
I2R! <! *&UU.(!?=! W+4-&1-'#!0-(,-#./! ! ! ! ! !
C2>! <! 5!C?C$<==! SZP!0;-'+-&#! ! ! ! ! !
C2>! IR! B61&,.;!>?@! 5'/4U-(/U-. ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
C2>! <! 5!C?C$<==! SZP!0;-'+-&#! ! ! ! ! !
C2@! <H! 5!C=C$>==! K.F!E&:'-( ! ! ! ! ! !
C2<H! >@! T,O6/4-#!HI! 86,U&;&! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
H2<R! >I ! 0#+&#&;!<H! X&/+&U!0;-'U&:1'#-' ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !
H2A=! <A! W:%!><=! 9-G&!P-#4'/!0.(.'/ ! ! ! ! ! !
R2>@! <! 0B9!@<! B"B0P!P-#4'/!0.(.'/ ! ! ! ! ! !
>=2>R! =! 5!C?C$<==! ?=&)>*5'($%'CC-' D! ! ! ! !
>>2I! <=! *&UU.(!?=! P6D'-(! ! ! ! ! !
>>2>>! >R! *&UU.(!<C! P'&'3 ! ! ! ! ! !
><2<>! <! 0B9!C<! B('#/0/-'!0-(F'O/ ! ! ! ! ! !
><2<A! @@! 0#+&#&;!>@=! 0.(&:-/+!]4'(U-; ! ! ! ! ! K&#$F./+.(# !'-(1,'#. !

<==>!
! ! ! ! ! ! ! ! !

<===!
H2<A! >@A! 0!A<=$<==! TF7$(-#'(,5( ! D! ! ! !

>RRR!
><2<<! @! 5!C@C$<==! O='8&6(-#'(/)*A ( D! ! ! ! !

>RRH!
A2>H! >A! J''%!A@=5! H='N=.&(3+55)) ( ! ! ! D! !

! ! ! ! ! ! ! ! !
! H>H=! ! B"B0P!JWPWQBWS!! A=! >>! R! C! !

!
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Appendix C. Results Regarding the Failure Point in the Integrated 
Alerting -to-Recovery  Sequence  

!
"#$%!&''()*$+!*(,-$.%!,#(!/-,(012$3-,$1)!14!,#(!!"#$%&'()*+%,*-#!412!(-/#!14!,#(!#-3-2*%!,#-,!
1//522(*6!.$)7(*!,1!,#(!89!(:(),%;!"#$%!-//15),%!1).<!412!,#(!4.$0#,/2(=!2(%'1)%(!,1!(-/#!#-3-2*>!$,!
%#15.*!)1, !?(!,#150#,!14!-%!-!45..!-//15),$)0!14!,#(!/-5%(!14!,#(!-//$*(),;!"#(!-.(2,$)0!15,/1@(%!412!
,#(!45..!%(,!14!(:(),%!$%!%5@@-2$3(*!$)!"-?.(!8!$)!,#(!2('12,;!!
!
A12!(-/#!(:(),6!=(!'21:$*(!-!:(2<!?2$(4!%<)1'%$%!14!,#(!(:(),%!-215)*!,#(!5'%(,6!,#()!-!%#12,!-)-.<%$%!
%(/,$1)!*(%/2$?(%!#1=!#-3-2*%!=(2(!@-)-0(* ;!"#(%(!-2(!421@!,#(!-//$*(),!2('12,>!)1,!-!)(=!
-)-.<%$%;!A1..1=$)0!,#(%(6!=(!.$%,!,#(!#-3-2*%BC!,#-,!1//522(*!$)!,#(!12*(2!$)!=#$/#!,#(<!1//522(*;!A12!
(-/#!#-3-2*6!=(!%#1=!#1=!$,!'2102(%%(*!,#2150#!,#(!-.(2,$)0!%(D5()/(!-)*!=#(2(!,#(!#-3-2*!
2(%'1)%(!4-$.(*!E4-$.52(!/-,(012$(%!-2(!*(4$)(*!$)!F(/,$1)!G;8H;!"#(!4-$.52(!/-,(012<!$%!?1.*(*6!-)*!
,#(2(!$%!-!%#12,!(+'.-)-,$1)!?(.1=!,#(!4-$.52(!/-,(012<;!I4!,#(!#-3-2*!=-%!2(/1:(2(*6!$,!$%!)1,!-%%$0)(*!
,1!-!4-$.52(!/-,(012<;!!
!
J -/#!(:(), !-.%1!.$%,%!-..!,#(!-.(2,%!,#-,!1//522(*!*52$)0!,#(!4.$0#,!$)!,#($2!12*(2!14!1//522()/(>!-.(2,%!$)!
$#.!&%!"&,/!1//522(*!-4,(2!,#(!5'%(,;!!
!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!" #K1,(!,#-,!,#(!%(,!14!#-3-2*%!2(4.(/,!1).<!/1)*$,$1)%!=$,#!,#(!-$2'.-)(6!-)*!)1,!=$,#!,#(!'$.1,>!,#5%6!,#(!'$.1,L%!
%,-,(6!%5/#!-%!4-,$05(!12!%'-,$-.!*$%12$(),-,$1)6!-2(!)1,!#-3-2*%!5%(*!$)!,#$%!-)-.<%$%;#
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!
"#$#%$"&!
!"#$!%"&$'()* $
'()*+,!-#. /#"0 !
"0#!12324(3(5,!
!
6789:,(,; !<+5!39!2!82==(8=!>2+43?!>4(=@3!A)5B!)5,53!#!A()A+(3!*)52C5),!DB(3@9+3!)5,533(8=!>+8A3(98E?!B@(A@!45F!39!'$G!28F!'$H!F(,58=2=5?!28F!24,9!F)9:!39!'435)8235!I2BJ!!
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5/12/10 
Afriqiyah 771 
Airbus 330-202 
103 Fatalities 
 
Synopsis:  On approach to Tripoli; got a TAWS and started the GA.  Not long after initiating the GA, the Capt (PF) transitioned to nose down attitude and continued 
until airplane crashed; likely a result of a somatogravic illusion. 
Analysis:  The TAWS alerting was present for 7 seconds. The pilot’s attentional resources were overwhelmed (e.g., channelized attention), preventing detection of the 
alert.  The Capt may have experienced a somatogravic illusion. 
 
Hazards: 
1. Ground Prox      à alert        à Alert Not Detected  
 despite TAWS alerting, pilot continued descending 
 
Alerts (in order of occurrence) 
-  Too low, terrain (before GA)   
-  Don't Sink  (After GA initiated) 
-  Too low, terrain     
-  Pull up, pull up 
 
 
 
1/25/10 
Ethiopian 409 
Boeing 737-8AS 
90 Fatalities 
 
Synopsis:  Shortly after TO from Beirut.  The airplane, which was trimmed nose up, began to slow down and pitch up.  The pilots did not detect this until stick shaker 
came on; it stayed on for 27 seconds.   
Analysis:  The low airspeed alert was visual only and it prompted no flightcrew actions.  The pilot poorly managed the upset, leading to a stick shaker.  The flightcrew 
response used inappropriate control actions; specifically not pitching down, never really recovering the initial and then losing control. 
 
Hazards: 
1. Low Airspeed          à alert       à Alert Not Detected     
 there was no response to low airspeed alerting 
 
2. Approach to Stall    à alert      à  alert detected    à alert understood     à Crew Selected Wrong Actions 
 pilot actions did not involve nose down and increased thrust 
 
Alerts (in order of occurrence) 
-  Bank angle (several times, early in flight) 
-  Visual indications of low airspeed on speed tape   
-  Stick Shaker (several times)  
-  Bank Angle (several times)    
-  Overspeed Clacker 
  



 
50 

!
!
0$"$.S!
!"#$R#&8.4$II; $
'()*+,!--. /#. - !
##%!12324(3(5,!
!
6789:,(,; !!<+)(8=!A)+(,5?!(A(8=!9>!2()!F232!:)9*5,!45F!39!5))9859+,!2(),:55FJ!!V8(3(2447?!2():4285!F)9: :5F !(839!2435)8235!42B!28F!49,,!9>!'$G!28F!'$HJ!H@5!A)5B!(F583(>(5F!
49,,!9>!,:55F!F(,:427,!28F!399C!L28+24!A983)94?!=533(8=!B(8=,!45K54!28F!:(3A@(8=!+:!39!""!F5=J!!'>35)!A9LL583,!>)9L!GU?!G1!L2F5!2!>5B!,3(AC/>9)B2)F!D89,5!F9B8E!
(8:+3,!*+3!3@5,5!B5)5!893!,+>>(A(583!39!,39:!A4(L*(8=J!![24(F!2(),:55F!(8F(A23(98!)53+)85F!98!N2:3a,!G1<J!!H@)+,3!B2,!)5F+A5F?!2():4285!B583!(839!,3244J!!H@)+,3!B2,!3@58!
:9,(3(985F!(8!3@5!HX$`'!F53583!28F!3@5!G1!L2F5!89,5!+:!(8:+3,J!!cK583+2447!A4(L*5F!39!1I-%.J!G(3A@!233(3+F5!B2,!"0!F5=J!!cK583+2447?!=93!K24(F!2(),:55F!98!244!-!
,9+)A5,J!!'4,9?!4235)!A9))5A3!2A3(98,!98!>4(=@3!A983)94,!D:(3A@(8=!F9B8E!45F!39!)59AA+))58A5!9>!3@5!,3244!B2)8(8=!,9!3@57!L2(832(85F!2!:(3A@!+:!233(3+F5J!
'8247,(,; !!19)!3@5!(8(3(24!@2R2)F?!3@5!>4(=@3!A)5B!C85B!3@57!@2F!2(),:55F!(,,+5,!*+3!F(F!893!)5>5)!39!3@5!+8)54(2*45!2(),:55F!A@5AC4(,3J!!19)!3@5!2::)92A@!39!,3244!245)3?!3@5!
:(493!F(F!893!,55L!39!+8F5),328F!B@23!B2,!@2::58(8=!39!3@5!2():4285J!
!
Q2R2)F,;!
*+!<8#42"&=24$!"#%,446$$! ! 245)3!!!!!!! ! 245)3!F535A35F!!!!! ! 245)3!+8F5),399F!!!!! ! 3#45$1424.046$7#-89$!.0"-8% !
$ :(493!:5)>9)L5F!2A3(98,!F(>>5)583!>)9L!3@9,5!3)2(85F!9)!(8!9:5)23(9824!

=+(F28A5!
!
?+!!,,# -&./ $0-$10&22!!!!!! ! 245)3!!!!!!! ! 245)3!F535A35F!!!!! ! ! 24#0$>-0$<864#%0--6!!!!!!!!
$ :(493!B2,!893!,+>>(A(58347!3)2(85F!39!+8F5),328F!245)3!
!
'45)3,!D(8!9)F5)!9>!9AA+))58A5E!
/!!cN'U!U5,,2=5, !D3@5,5!B5)5!244!=585)235F!>)9L!3@5!+8)54(2*45!2(),:55FE;!!'gHX!1IG!'G!X11?!]'[!'<O!<V6'`Occ /'VO!6G<hi!NQcN_?!c]`!HQOg6H!
IXN_c<?! !
!!!'gHX!1IH!'$HQO!X11?!1$NHI!'IH]!I'Y?!53AhJ! !
/!!63244!B2)8(8=!!
!""%$%/01,++23"4567"89:;",/)"<=>>"=< "
!
!
! !



 
52 

!
!
"$#T$.S!
!"#$%&'($%)$*&+',-,. $
'HO!&# /-#. !
.!12324(3(5,!
!
6789:,(,; !!V8(3(2447?!3@5)5!B2,!28!+8)5A9=8(R5F!>42:!2,7LL53)7!F+5!39!(A(8=J!!N2:32(8!@2F!32C58!9K5)!3@5!A983)94,!>)9L!3@5!1X!2>35)!2!,3(AC!,@2C5)!28F!'$G!F(,58=2=5J!
H@5!1X!B2,!+82*45!39!L282=5!3@5!A983)94,W!3@5!2():4285!B2,!@2)F!39!@28F45!F+5!39!3@5!>42:!2,7LL53)7J!!H@5!2():4285!,49B5F!F9B8?!=93!39!,3(AC!,@2C5)!28F!`GY6!:+44!
+:!B2)8(8=,J!!H@5!N2:3!)5F+A5F!:9B5)!(8,352F!9>!(8A)52,(8=!:9B5)!:5)!:)9A5F+)5J!!H@58?!4235)!:+445F!*2AC!98!A94+L8!452F(8=!39!2893@5)!,3(AC!,@2C5)?!452F(8=!39!3@5!
49,,!9>!A983)94J!!!
'8247,(,; !!H@5)5!B2,!89!245)3!>9)!>42:!2,7LL53)7!9)!49B!2(),:55FW!>9)!3@5!2::)92A@!39!,3244?!3@5!:(493!:5)>9)L5F!2A3(98,!F(>>5)583!>)9L!3@9,5!3)2(85F!9)!(8!9:5)23(9824!
=+(F28A5J!
!
Q2R2)F,;!
*+!R2&,$!%ONN40#O$$$$$! ! >-$&24#0!!
! 89!245)3!5\(,3,!(8!3@5!2():4285!>9)!>42:!2,7LL53)7!
!
?+!@-5$!"#%,446$$$$$$$! ! >-$&24#0!!
! 89!245)3!5\(,3,!(8!3@5!2():4285!>9)!49B!2(),:55F!
!
B+!!,,# -&./ $0-$10&22!!!!! ! 245)3!!!!!!! ! 245)3!F535A35F!!!!! ! 245)3!+8F5),399F!!!!!!!! ! 3#45$1424.046$7#-89$!.0"-8% !
$ :(493!2A3(98,!F(F!893!(8K94K5!89,5!F9B8!28F!(8A)52,5F!3@)+,3!
!
'45)3,!D(8!9)F5)!9>!9AA+))58A5E!
/!!2+)24!,3244!DA)(AC53E!28F!63(AC!6@2C5)!D-!3(L5,E!!
!"";?<@4"A<1++"1(3"(1++"1(A""
!""40B-."4C,.%&"D"EF&%"0BE%"
" "



 
53 

"
 
11/27/08 
XL Airways 888 
Airbus 320-232 
7 Fatalities 
 
Synopsis:  Airspeed was allowed to go very low (99 kts); crew was trying to slow to alpha floor (for testing) but due to frozen AoA vanes, alpha floor was not at the right 
place on speed tape; airplane pitched up to try to manage the lower airspeed and pilot was unable to overcome pitch because he didn't transition to manual trim. 
Analysis:  The only “alert” for unreliable airspeed was the visual-only CHECK GW (gross weight) message, which was probably present for several minutes; there was 
no low airspeed alert; finally, for the approach to stall hazard, the flight crew did not understand they needed manual trim to reduce pitch. 
 
Hazards: 
1. Unreliable Airspeed    à alert     à Alert Not Detected 
 there was no response to the CHECK GW  message 
 
2. Low Airspeed         à No alert 
 an AoA alert existed but failed to perform due to frozen AoA sensors 
 
3. Approach to Stall       à alert      à alert detected     à alert understood      à crew selected right actions   à   Inadequate Performance 
 pilot didn't use manual trim to reduce 

pitch 
 
Alerts (in order of occurrence) 
- CHECK GW (on MCDU)  
- Stall warning    
- Direct Law Master Caution 
- USE MAN PITCH TRIM message  
- Stall warning   
!";?<@4":;88956"@,&/B/G  
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5/3/06 
Armavia Airlines 967 
Airbus 320-211 
113 Fatalities 
 
Synopsis:  On approach to Sochi, IFR conditions, clouds at 300 ft.  Due to a change in conditions, controller asked for go around.  The pilots initiated a climb and the 
A/P gave them a high climb rate, which made airspeed drop. The flightcrew pitched nose down, perhaps to regain speed. Also input a right roll.  Bank angle increased 
and then nose down inputs continued.  EGPWS alerts did not change pilot inputs.   
Analysis:  The TAWS alerting was present for 16 seconds and prompted no actions. The pilot’s attentional resources were overwhelmed (e.g., channelized attention), 
preventing detection of the alert.  The Capt may have experienced a somatogravic illusion. 
 
Hazards: 
1. Low Airspeed    à alert      à alert detected    à alert understood     à crew selected right actions   à  performed adequately 
 
2. Ground Prox     à alert     à Alert Not Detected 
 despite TAWS alerting, pilot continued descending 
 
Alerts (in order of occurrence) 
- Low Energy Warning   
- VFE Overspeed  
- Master Warning with aural (continued until end of flight)  
- EGPWS "whoop whoop pull up pull up" (continued until end of flight) 
 
 
 
8/16/05 
West Caribbean 708 
MD-82 
160 Fatalities 
 
Synopsis:  Due to high airplane weight and use of anti-ice, which reduced engine power, they were unable to maintain altitude when trying to fly over a storm; engines 
could not maintain altitude.  They slowed down and pitched up into a stall.  They did not pitch down and they started to fall from FL 310. 
Analysis:  PF believed that the airplane had a dual engine failure, and they were trying to diagnose the engine problem.  He did not understand that he needed to pitch 
down to exit stall. 
 
Hazards: 
1. Low Airspeed        à No alert 
 no alert exists in the airplane for low airspeed 
 
2. Approach to Stall    à alert      à alert detected    à Alert Not Understood 
 pilot stated to ATC that he had a dual engine failure even though stall alert occurred 
 
Alerts (in order of occurrence) 
-  Altitude alert (below MCP target altitude)  
-  Stick Shaker (constant through end of flight; more than 2 min)  
-  Stall aural and visual (constant through end of flight; more than 2 min)  
-  GPWS: terrain; sink rate; whoop, whoop, pull up, pull up (constant through end of flight; about 10 secs)  
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8/23/00 
Gulf Air 72 
Airbus 320-212 
143 Fatalities 
 
Synopsis:  Night approach; too fast, not configured; Capt decided to fly a 360 orbit instead of performing a GA; sloppy execution of orbit; missed extended runway 
centerline so he attempted a GA; pitched down; despite GPWS warnings flew into water. 
Analysis:  The TAWS alerting was present for 11 seconds and prompted no actions. The pilot’s attentional resources were overwhelmed (e.g., channelized attention), 
preventing detection of the alert.  The Capt may have experienced a somatogravic illusion. 
 
Hazards: 
1. Ground Prox    à alert      à Alert Not Detected 
 despite TAWS alerting, pilot continued descending 
 
Alerts (in order of occurrence) 
- Flap Overspeed Warning  ECAM Master Warning OVERSPEED  
- VFE  
- GPWS warning - "sink rate" once, then "whoop, whoop pull-up.." from GPWS every second for nine seconds. 
 
 
 
12/22/99 
Korean Air 8509 
Boeing 747-2B5F 
4 Fatalities 
 
Synopsis:  Taking off, ADI malfunctioned and Capt's ADI didn't indicate roll attitude, Capt commanded long slow roll after takeoff, leading to a significant bank 
exceedance; FE called out bank but was unheeded.  Comparator alert occurred but was turned off and unheeded. Descended from a low altitude, cloudy night with no 
ground references. 
Analysis:  The ADI "gyro" flag (for the malfunction) was assumed to be out of view from captain (did not come out); the comparator aural was ignored.  The Capt 
probably didn’t realize the extent of his roll. 
 
Hazards: 
1. Failed instrument (ADI)   à alert      à alert detected     à Alert Not Understood 
 comparator alert (visual & aural) was silenced by flightcrew, and Capt (PF) continued to use 

a bad indication 
 
2. Bank Angle          à  No alert 
 no alert exists in the airplane for bank angle [but crew member made Capt aware] 
 
Alerts (in order of occurrence) 
- The Attitude Comparator aural alert sounded at 16.7 secs after TO and was active for 2 brief periods; then at 32.7 secs after TO and remained on for nine 

consecutive times; it was shut off by the flightcrew during the tenth.   
- Flashing red INST WARN comparator light (warning level) and a steady amber ATT light above each ADI (may have been illuminated for 22 secs or cancelled more 

than once) 
- Also, verbal comments from the FE about bank (4 remarks) 
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