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*),&3(#."#(%"#'(#."#(6$%$($T!)'$3(#)("&("%#0*0+0"7(#%"!(0&("(7"-)%"#)%4('$##0&5(

6$%$(A)%$(70Q$74(#)(%$'+,$(+)&'!$+0*0+'(*%)A(#.$(#%"!'8("&3(',++$$3$3(0&(
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!"##$%&'(")**#+'")(,'-."#'/0$12345'(6)%'")(,'(6)('6)+'%#7#"'#%1.0%(#"#+'(6)('

*)"($103)"'(4*#'.!'(")*'89)"()3'#(')3:5';<==>:'?6#,#'"#,03(,',0&&#,('(6)(5')('3#),('

$%'")(,5'$%+$7$+0)3,'-)4'@#1.-#'-."#'A#!!$1$#%(B'"#,10#",'+0#'(.'*"#7$.0,'

#C*.,0"#'(.')'"#,10#',($-030,5',016'),')'(")*'."')'*"#+)(.":'D0"(6#"'"#,#)"16'

$,'%##+#+'(.'+#(#"-$%#'E6#(6#"'(6#,#'.@,#"7#+',6$!(,'$%'"#,10#'@#6)7$."'),')'

"#,03('.!'#C*#"$#%1#')"#'#C(#%,$@3#'(.',*#1$#,'.(6#"'(6)%'")(,:'F%(,5'E6$16'

"#)+$34'+$,*3)4'"#,10#'@#6)7$."')%+')"#'1)*)@3#'.!'3#)"%$%&'(.'*#"!."-'

1.-*3$1)(#+5'-03($G,(#*'(),2,'8),'+#,1"$@#+'@#3.E>5')"#'(6#"#!."#'$+#)3'

1)%+$+)(#,'!."'(#,($%&'64*.(6#,#,')@.0('(6#'".3#'.!'*"$."'#C*#"$#%1#'$%'

,6)*$%&'!0(0"#'*)((#"%,'.!'"#,10#'@#6)7$.":'

Learning in Ants'

' H#)"%$%&'$,'E$+#,*"#)+')%+'1.--.%')-.%&'$%,#1(,5'$%130+$%&')%(,'

8I02),5';<<J>:'D."'#C)-*3#5'(6#'(6#'+#,#"(G+E#33$%&')%(,'!"#$%&$'()*+,-$./'

0,#'7$,0)3')%+',*)($)3'10#,'(.'1"#)(#',.*6$,($1)(#+'-#%()3'-)*,'.!'(6#'

3)%+,1)*#5'E6$16'6#3*'(6#-'%)7$&)(#'(.')%+'!".-'(6#'%#,('8K16E)"L')%+'

M6#%&5';<==>:'NC*#"$-#%()3'#7$+#%1#',0&&#,(,'(6)('!0*+,-$./')"#'1)*)@3#'.!'

!."-$%&',#/0#%($)3'-#-."$#,'.!'(6#'3)%+-)"2,'(6#4'#%1.0%(#"'E6$3#'

!.")&$%&5')%+'(6)('(6#,#')%(,5'$%,(#)+'.!'@3$%+34'"#34$%&'.%'-#-."$#,'(.'

$%!."-'%)7$&)($.%)3'+#1$,$.%,5'+$,1"$-$%)(#'@#(E##%'-#-."$L#+'10#,'@),#+'

.%'(6#$"'*#"1#$7#+'+#&"##'.!'"#3$)@$3$(4'8K16E)"L')%+'M6#%&5';<==>:'10*2(')$'5'

(6#',)-#')%(',*#1$#,'0,#+'$%',#7#")3',(0+$#,'.!'*"#1$,$.%'"#,10#'@#6)7$."5'$,'

)3,.'1)*)@3#'.!'-#-."$L$%&')%+'+$,1"$-$%)($%&'@#(E##%'+$!!#"#%('7$,0)3'
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!"##$%&'()*+",$%-&.(/0+"#1.(2"'#$%34$56471.(8$43&-&("&9(*-::$##.(;<<=>?(

@4%#+$%,-%$.(#+$%$(7'($A79$&0$(#+"#(,$,-%7$'(-B(7&97A794":($C!$%7$&0$'(+"A$(

#+$(!-#$&#7":(#-('+"!$(B4#4%$(!"##$%&'(-B(&-&5%$'04$(D$+"A7-%(7&("&#'()6"A"%E.(

F$0-4#$E.(G",7&'H7.(*+":7&$("&9(I"7''-&.(JKKLM(F"&3%793$.(/$&9-A"5@%"&H'(

"&9(@%"&H'.(JKK=>?(N&#'(-B(#+$('!$07$'(!"#$%$&'()*+,#,-(#+"#(&$A$%(

$&0-4&#$%$9(B--9(O+7:$(B-%"37&3(O$%$(:$''(:7H$:E(#-(!$%B-%,(B-%"37&35%$:"#$9(

#"'H'(7&(#+$(B4#4%$.(!%$B$%%7&3(7&'#$"9(#-('#"E(7&(-%("%-4&9(#+$(&$'#.(O+7:$("&#'(

#+"#(O$%$(37A$&($C#%"(B--9(#-($&0-4&#$%(O+7:$(B-%"37&3(D$0",$(,-%$(:7H$:E.(

-A$%(#7,$.(#-(B-%"3$("&9(A$&#4%$(-4#'79$(#+$(&$'#()6"A"%E($#(":?.(JKKL>?(

/7,7:"%:E.(7&(0-:-&7$'(-B(."/0,1',#$2*$3+-%"00-).(7&97A794":'(O+-(!%$A7-4':E(

0-,!:$#$9("('!$07B70(#"'H.(&",$:E(#%"&'!-%#7&3(7#$,'(B%-,(-&$(&$'#(#-(

"&-#+$%.(O$%$(,-%$(:7H$:E(#-(#%"&'!-%#(7#$,'(7&(#+$(B4#4%$.("&9(":'-(#$&9$9(#-(

#%"&'!-%#("(:"%3$%(P4"&#7#E(-B(7#$,'("&9(D$37&(#%"&'!-%#7&3(7#$,'($"%:7$%(#+"&(

7&$C!$%7$&0$9(&$'#,"#$'()F"&3%793$($#(":?.(JKK=>?(N&-#+$%('#49E(0-&940#$9(

4'7&3(.4*$3+-%"00-)(B-4&9(#+"#(!%$A7-4'(B-%"37&3('400$''(O"'("''-07"#$9(O7#+(

7&0%$"'$9(O7::7&3&$''(#-(B-%"3$(7&(#+$(B4#4%$()6-D7&'-&.(@$7&$%,"&("&9(

@%"&H'.(JK;J>?(Q+$'$('#497$'(!%-A79$(",!:$($A79$&0$(#+"#($C!$%7$&0$(O7#+(

97BB$%$&#(#"'H'.('40+("'(B-%"37&3.(&"A73"#7-&("&9(7#$,(#%"&'!-%#"#7-&.(:$"9(#-(

,-97B70"#7-&'(7&("&#(D$+"A7-%?(R&(#+7'(%$'!$0#.(#+$E("%$('7,7:"%(#-(8"%#":($#(":?S'(

)JK;;>(B7&97&3(#+"#(B",7:7"%7#E(O7#+("(%$'04$('#7,4:4'(:$"9'(#-(7,!%-A$9(

%$'04$(!$%B-%,"&0$(7&(%"#'?(Q"H$&("'("(O+-:$.(#+$'$('#497$'('433$'#(#+"#("&#'(

,"E(0+"&3$(#+$7%(D$+"A7-%(DE(9%"O7&3(-&(,$,-%7$'(B-%,$9(94%7&3(!%$A7-4'(

%$'04$('7#4"#7-&'?((((
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Antlions and Antipredator Behavior in Tetramorium sp. E!

"#$%&'#(!)!"#$%&%'()*+,%!(**+,!-./!0'11'#!*./2-$'.(!'3!1-#4!-#$!

(*/0&/(5!&#0%62&#7!-%)#,$'#*.$!(*+!85!$9/!*-:/1/#$!-#$+!"(!%-.:-/5!-#$%&'#(!

2&7!0'#&0-%!*&$(!&#!%''(/!(-#24!('&%(!$'!/#$.-*!*./4+!;9/#!-!*./4!&$/15!(609!-(!

-#!-#$5!$.-:/%(!':/.!$9/!/27/!'3!$9/!*&$5!$9/!(%'*/2!<-%%(!0-6(/!$9/!-#$!$'!3-%%!

&#$'!$9/!='$$'1!'3!$9/!*&$5!<9/./!$9/!-#$%&'#!0%'(/(!&$(!1-#2&=%/(!-.'6#2!$9/!

*./4!-#2!&#>/0$(!-!*-.-%4$&0!:/#'1!)?-4%'.5!@&(:-2/.5!A'<=-9-.&!-#2!B'%%&(5!

CDEF,+!"#$(!$4*&0-%%4!./1-&#!-%&:/!3'.!(/:/.-%!1&#6$/(!-3$/.!$9/4!-./!(/&G/2!=4!

-#!-#$%&'#5!7&:&#7!#/-.=4!#/($1-$/(!-1*%/!$&1/!$'!-$$/1*$!$'!./(06/!$9/!

$.-**/2!-#$!)?-4%'.!/$!-%+5!CDEF,+!!

"#$%&'#(!-./!0-*-=%/!'3!/%&0&$&#7!-!<&2/!.-#7/!'3!-#$&*./2-$'.!

=/9-:&'.(!&#!-#$(+!H#!-!./0/#$!%-='.-$'.4!($6245!-/!(*+!8!-#$(!/I*'(/2!$'!

#/($1-$/(!$.-**/2!=4!-#$%&'#(!/#7-7/2!&#!'#/!'.!1'./!./(06/!=/9-:&'.(5!

(609!-(!-$$-0J&#7!$9/!-#$%&'#!'.!*6%%&#7!'#!$9/!%&1=(!'3!$9/!$.-**/2!-#$5!&#!

-**.'I&1-$/%4!'#/K$9&.2!)FLM,!'3!-%%!$.&-%(!)?-4%'.!/$!-%+5!CDEF,+!?9/!

*./(/#0/!'3!-#$%&'#(!0-#!%/-2!$'!%-.7/K(0-%/5!0'%'#4K<&2/!1'2&3&0-$&'#(!&#!-#$!

=/9-:&'.N!'#/!($624!3'6#2!$9-$!-#$(!-:'&2/2!3'.-7&#7!&#!-./-(!<&$9!9&79!

2/#(&$&/(!'3!-#$%&'#(5!/:/#!<9/#!/I$.-!3''2!<-(!*%-0/2!&#!$9/!('K0-%%/2!

O-#$%&'#!G'#/P!=4!$9/!./(/-.09/.!)Q'$/%%&5!ERRL,+!H#!-#'$9/.!($6245!&#2&:&26-%!

-#$(!)-/!(*+!8,!$9-$!3/%%!&#$'!-#$%&'#!*&$(!-#2!(600/((36%%4!/(0-*/2!</./!

(6=(/S6/#$%4!%/((!%&J/%4!$'!-**.'-09!='$9!$9/!*&$(!$9/4!9-2!-%./-24!

/#0'6#$/./2!-#2!*&$(!=/%'#7&#7!$'!#':/%!-#$%&'#(!)T0A/<5!CDEF,5!&#2&0-$&#7!
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!"#!$%&'(&$)*%)&')+,)$,#+$-(.'/0$!")$)*%&)11'(+$(/$#+!'%&).#!(&$2)"#3'(&$'+$

%#3)-)+!$#+!14$$$

The Present Study$

5")$%&)1)+!$1!6.0$'1$.)1'7+).$!($#11)11$"(8$%&'(&$&)1,6)$)*%)&')+,)$

'+/96)+,)1$%#!!)&+1$(/$&)1,6)$2)"#3'(&$'+$!")$%#3)-)+!$#+!:$!"$1%4$;4$<+!9'(+1$

#&)$61).$#1$!")$&)1,6)$1!'-6961:$%&(3'.'+7$#+$(21!#,9)$/&(-$8"',"$#+!1$-'7"!$

#!!)-%!$!($&)1,6)$!")'&$+)1!-#!)14$='+,)$!4$1%4$;$#&)$,#%#29)$(/$-(.'/0'+7$

,)&!#'+$!0%)1$(/$2)"#3'(&:$16,"$#1$#3('.#+,):$'+$&)1%(+1)$!($)+,(6+!)&'+7$

#+!9'(+1$>?,@)8$ABCDE:$F$"0%(!")1'G).$!"#!$#+!1$!"#!$#!!)-%!).$!($/&))$#$

!&#%%).$+)1!-#!)$/&(-$#+$#+!9'(+$8(69.$)*"'2'!$.'//)&)+!$%#!!)&+1$(/$&)1,6)$

2)"#3'(&$.6&'+7$/6!6&)$&)1,6)$#!!)-%!1$!"#+$#+!1$!"#!$)+,(6+!)&).$#+$

#+!9'(+$8'!"(6!$%)&/(&-'+7$&)1,6)$2)"#3'(&:$(&$#+!1$!"#!$.'.$+(!$)+,(6+!)&$

#+$#+!9'(+$#!$#994$H),#61)$#+!1$&#&)90$16,,)).$'+$,(-%9)!)90$/&))'+7$!")'&$

+)1!-#!)1$/&(-$#+!9'(+1$>5#09(&$)!$#94:$ABCDE:$%&'(&$&)1,6)$16,,)11:$%)&$1):$

-'7"!$+(!$1!&(+790$'+/96)+,)$#+$'+.'3'.6#9$#+!I1$8'99'+7+)11$!($%)&/(&-$

&)1,6)$2)"#3'(&$'+$!")$/6!6&)4$F+1!)#.:$#+!1$-'7"!$61)$!")$'+/(&-#!'(+$!")0$

"#3)$79)#+).$/&(-$%&)3'(61$)+,(6+!)&1$8'!"$#+!9'(+1$!($#.J61!$!")'&$&)1,6)$

K1!&#!)70I$20$%)&/(&-'+7$.'//)&)+!$&)1,6)$2)"#3'(&1$.6&'+7$!")'&$+)*!$

,(+/&(+!#!'(+$8'!"$#+$#+!9'(+4$<9!)&+#!'3)90:$#+!1$-#0$2),(-)$-(&)$&)96,!#+!$

!($#%%&(#,"$!")$#+!9'(+$#$1),(+.$!'-):$,(+1'1!)+!$8'!"$?,@)8I1$>ABCDE$

(21)&3#!'(+1$(/$%&).#!(&$#3('.#+,)$2)"#3'(&$'+$!4$1%4$;4$F/$#+!1$!)+.$!($#3('.$

#+!9'(+1$#/!)&$#+$'+'!'#9$)+,(6+!)&:$!")$+6-2)&$(/$&)1,6)$2)"#3'(&$#!!)-%!1$
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($",'&'*"#32&."&.2'&(+1.#-'%&+*.&."&1'-4"-0&-',(#'&5'2+6)"-7&

8"&)*6',.)3+.'&1".'*.)+$&0"%)4)(+.)"*,&)*&-',(#'&5'2+6)"-&1+..'-*,&

5'.!''*&)*).)+$&+*%&,#5,'9#'*.&-',(#'&+..'01.,/&+*.,&)*&.2),&,.#%:&!'-'&

1-"6)%'%&!).2&.2'&"11"-.#*).:&."&'*("#*.'-&+&*',.0+.'&.-+11'%&5:&+*&+*.$)"*&

+*%&."&1'-4"-0&-',(#'&5'2+6)"-7&82','&+*.,&!'-'&.2'*&3-"#1'%&)*."&.2-''&

(+.'3"-)',&+(("-%)*3&."&.2')-&5'2+6)"-&%#-)*3&.2'&)*).)+$&.-)+$/&+*%&!'-'&3)6'*&
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;$$&)*,.+*(',&"4&-',(#'&5'2+6)"-&!'-'&.)0'%&+*%&-'("-%'%&)*&'+(2&"4&.2'&.!"&

.-)+$,/&+*%&.2),&.'01"-+$&+*%&5'2+6)"-+$&)*4"-0+.)"*&!+,&#,'%&."&'6+$#+.'&

4"#-&3'*'-+$&0'+,#-',&"4&-',(#'&1'-4"-0+*('<&.2'&$+.'*(:&."&5'3)*&

1'-4"-0)*3&-',(#'&5'2+6)"-/&.2'&*#05'-&"4&%)44'-'*.&-',(#'&5'2+6)"-,&

'=2)5).'%&%#-)*3&+*&'*("#*.'-&!).2&+*&+*.$)"*/&.2'&$'*3.2&"4&.2'&$"*3',.&

("*.)*#"#,&%),1$+:&"4&-',(#'&5'2+6)"-/&+*%&.2'&"6'-+$$&%#-+.)"*&"4&-',(#'&

5'2+6)"-&%#-)*3&+&.-)+$7&82),&$+,.&0'+,#-'0'*./&.2'&%#-+.)"*&"4&-',(#'&

5'2+6)"-/&!+,&4#-.2'-&%)6)%'%&)*."&.2-''&,#5>0'+,#-'0'*.,/&"*'&4"-&'+(2&"4&

.2'&.2-''&%)44'-'*.&.:1',&"4&-',(#'&5'2+6)"-&+*&+*.&("#$%&%),1$+:&%#-)*3&+&

-',(#'&+..'01.<&$)05>1#$$)*3/&,+*%&%),1$+('0'*./&+*%&+..+(?&5'2+6)"-&@8+5$'&

AB7&82','&,'6'*&0'+,#-',&"4&-',(#'&1'-4"-0+*('&!'-'&#,'%&."&)%'*.)4:&

%)44'-'*(',&)*&-',(#'&5'2+6)"-&1+..'-*,&5'.!''*&+*.,&!).2&1-)"-&-',(#'&

'=1'-)'*('&+*%&+*.,&!).2"#.&1-)"-&-',(#'&'=1'-)'*('7&
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METHOD 

Subjects 

! "#$%&!'()(*#+,!(-!!"#$%&'$()&!,.+'#+,!"!/+0+!'())+'&+1!120#*$!&%+!-3))!

(-!4567!-0(8!&%+!$0(2*1,!(-!9(2*&!:();(<+!=())+$+>!?%+!'()(*#+,!/+0+!

8(@+1!#*&(!&%+!)3A(03&(0;B!/%+0+!+3'%!'()(*;!/3,!#*1#@#123));!%(2,+1!#*!3!

45C$3)!3D230#28!&3*<>!E.+'#+,!#1+*&#&;!/3,!'(*-#08+1!@#3!8#'0(,'(.;>!?3*<,!

/+0+!-#))+1!/#&%!&%+!,(#)!-0(8!/%#'%!&%+!'()(*;!/3,!+F'3@3&+1!3*1!'(3&+1!

/#&%!-)2(*!GH*,+'&CICE)#.J!&(!<++.!3*&,!-0(8!+,'3.#*$>!?%0(2$%(2&!&%+!,&21;B!

+3'%!'()(*;!/3,!.0(@#1+1!/#&%!'(&&(*!A3)),!,(3<+1!#*!%(*+;!3*1!/3&+0!%*+

,(-(#)&!3*1!$#@+*!4C7!8+3)/(08,!&/#'+!.+0!/++<>!?3*<,!/+0+!8#,&+1!&/#'+!

13#);!&(!.0+@+*&!&%+!3*&,!-0(8!A+'(8#*$!1+%;103&+1>!"3'%!'()(*;!/3,!

83#*&3#*+1!(*!3!6K%LM%!)#$%&C130<!';')+>!N(20!(-!&%+!+#$%&!3*&!'()(*#+,!/+0+!

2,+1!#*!0+,'2+!A+%3@#(0!&0#3),>!

! ?/(!3*&,!/+0+!2,+1!#*!0+,'2+!A+%3@#(0!&0#3),L!&%+!O@#'&#8PB!3*!3*&!&%3&!

/3,!(--+0+1!&(!3*!3*&)#(*B!3*1!&%+!O0+,'2+0PB!3*!3*&!&%3&!/3,!.)3'+1!#*!&%+!

@#'#*#&;!(-!&%+!3*&)#(*Q,!.#&!3*1!3))(/+1!&(!0+,'2+!&%+!'3.&20+1!@#'&#8>!R#'&#8,!

3*1!0+,'2+0,!/+0+!3)/3;,!&3<+*!-0(8!&%+!,38+!'()(*;!&(!8#*#8#S+!&%+!

.(&+*&#3)!-(0!%+&+0('()(*#3)!'(*-)#'&>!R#'&#8,!3*1!0+,'2+0,!/+0+!,+)+'&+1!

03*1(8);!-0(8!&%+!3*&,!&%3&!/+0+!@#,#A)+!(*!&%+!'()(*;Q,!,20-3'+!3&!&%+!

A+$#**#*$!(-!+3'%!&0#3)>!?%+!'()(*;!-0(8!/%#'%!&%+!3*&,!2,+1!#*!&0#3),!/+0+!

&3<+*!/3,!03*1(8);!,+)+'&+1!3&!&%+!,&30&!(-!+3'%!13;!3*1!0(&3&+1!&(!+*,20+!

+D23)!0+.0+,+*&3&#(*!(-!+3'%!(-!&%+!-(20!'()(*#+,!#*!&%+!+F.+0#8+*&>!
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! "#$%#&!#'(&)*'+!,-$-!*$.-$-.!/$*0!#'(&)*'/#$0+12*0!#'.!3*4+-.!

)'.)%).4#&&5!)'!,3)(-!6&#+()2!7*,&+!/)&&-.!,)(3!+#'.1!8'(&)*'+!,-$-!/-.!,)(3!

0-#&,*$0+!,3-'!'*(!7-)'9!4+-.!)'!($)#&+1!8'!#'(&)*'!(3#(!,#+!4+-.!)'!#!($)#&!

,#+!6-$0)((-.!(*!-#(!(3-!2#6(4$-.!#'(!)'!&)-4!*/!#!0-#&,*$01!!

Procedure 

! :*!)'%-+()9#(-!23#'9-+!)'!$-+24-!7-3#%)*$!6#((-$'+!*%-$!()0-;!$-+24-$!

#'(+!,-$-!$-4+-.!#2$*++!(,*!+-<4-'()#&!($)#&+;!*$!63#+-+=!>3#+-!?;!(3-!)')()#&!

($)#&;!)'(-'.-.!(*!6$*%).-!#'(+!,)(3!(3-!*66*$(4')(5!(*!#2<4)$-!$-+24-!

-@6-$)-'2-A!#'.!>3#+-!B;!(3-!/*&&*,C46!($)#&;!.4$)'9!,3)23!(3-!#'(+!,-$-!

9)%-'!#!+-2*'.!*66*$(4')(5!(*!-'9#9-!)'!$-+24-!7-3#%)*$1!

! :*!2*'.42(!#!>3#+-!?!($)#&;!(,*!#'(+!,-$-!$-0*%-.!/$*0!(3-!+#0-!

2*&*'5!4+)'9!)'+-2(!/*$2-6+!#'.!($#'+/-$$-.!(*!+0#&&!,3)(-!6&#+()2!7*,&+!/)&&-.!

,)(3!+#'.1!D'-!#'(!,#+!23*+-'!#(!$#'.*0!(*!7-!(3-!%)2()0A!(3-!*(3-$!,#+!

.-+)9'#(-.!#+!(3-!$-+24-$1!8(!(3-!7-9)'')'9!*/!(3-!($)#&;!(3-!%)2()0!#'(!,#+!

$*&&-.!/*$!#66$*@)0#(-&5!?E!+-2*'.+!7-(,--'!(3-!-@6-$)0-'(-$F+!/)'9-$+!)'!

*$.-$!(*!+(4'!)(;!#&&*,)'9!/*$!-#+)-$!2#6(4$-!75!(3-!#'(&)*'1!8/(-$!$*&&)'9;!(3-!

%)2()0!#'(!,#+!.$*66-.!)'(*!#!6)(!2*'(#)')'9!#'!#'(&)*'1!:3-!#'(&)*'!,#+!

9)%-'!(,*!0)'4(-+!(*!+-)G-!(3-!%)2()0!#'(!)'!)(+!0#'.)7&-+A!)/!(3-!#'(&)*'!.).!

'*(!2#6(4$-!)(+!%)2()0!7-/*$-!(3-!()0-!&)0)(;!(3-!($)#&!,#+!+(*66-.!#'.!

.)+2#$.-.!/$*0!#'#&5+)+1!D'2-!(3-!%)2()0!,#+!2#6(4$-.!+422-++/4&&5;!(3-!

$-+24-$!#'(!,#+!)00-.)#(-&5!($#'+/-$$-.!%)#!)'+-2(!/*$2-6+!)'(*!(3-!7*,&!

2*'(#)')'9!(3-!#'(&)*'1!H-+24-$+!,-$-!6&#2-.!#66$*@)0#(-&5!3#&/,#5!
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!"#$""%&#'"&$())&*+&#'"&!*$)&(%,&#'"&-"./0"#".&*+&#'"&(%#)/*%12&-/#3&&4'"&

!"'(5/*.&*+&#'"&."267".&$(2&."6*.,",&+*.&89&0/%7#"2:&2#(.#/%;&+.*0&#'"&-*/%#&

(#&$'/6'&#'"&(%#)/*%&;.(!!",&#'"&5/6#/0:&72/%;&(&<(%*%&=/>/(&?@&ABC&?D&

6(06*.,".3&E#&#'"&6*%6)72/*%&*+&#'"&89F0/%7#"&."6*.,/%;&-"./*,:&#'"&."267".&

(%#&$(2&."0*5",&+.*0&#'"&!*$)&6*%#(/%/%;&#'"&5/6#/0&(%,&#.(%2+"..",&#*&(&

%"$&-)(2#/6&!*$)&+/))",&$/#'&2(%,3&4'"&."267".&(%#&$(2&'"),&/%&#'/2&!*$)&+*.&G&

0/%7#"2&#*&;/5"&/#&#/0"&#*&."6*5".&+.*0:&(%,&-.*6"22:&/#2&-."5/*72&">-"./"%6"3&

4'"&5/6#/0&(%#&$(2&)"+#&/%&#'"&!*$)&$/#'&#'"&(%#)/*%3&&

& 4*&6*%,76#&(&H'(2"&C&#./():&(&%"$&5/6#/0&(%#&$(2&."0*5",&+.*0&#'"&

2(0"&6*)*%I&(2&#'"&."267".&(%,&/%/#/()&5/6#/0&/00",/(#")I&-./*.&#*&#'"&"%,&*+&

#'"&."267".&(%#12&GF0/%7#"&."6*5".I&-"./*,3&E#&#'"&GF0/%7#"&0(.J:&#'"&5/6#/0&

$(2&.*))",&+*.&(--.*>/0(#")I&89&2"6*%,2&!"#$""%&#'"&">-"./0"%#".K2&+/%;".2:&

#'"%&,.*--",&/%#*&(&-/#&6*%#(/%/%;&(&%"$&(%#)/*%3&E2&/%&H'(2"&8:&#'"&(%#)/*%&

$(2&;/5"%&#$*&0/%7#"2&#*&2"/L"&#'"&5/6#/0&(%#&/%&/#2&0(%,/!)"23&M-*%&(&

2766"22+7)&6(-#7.":&#'"&."267".&(%#&$(2&/00",/(#")I&#.(%2+"..",&#*&#'"&!*$)&

6*%#(/%/%;&#'"&%"$&(%#)/*%&(%,&5/6#/03&E2&!"+*.":&#'"&."267".&$(2&-)(6",&

'()+$(I&!"#$""%&#'"&$())&*+&#'"&!*$)&(%,&#'"&",;"&*+&#'"&-/#3&4'"&!"'(5/*.&*+&

#'"&."267".&$(2&."6*.,",&+*.&89&0/%7#"2:&2#(.#/%;&+.*0&#'"&-*/%#&(#&$'/6'&#'"&

(%#)/*%&;.(!!",&#'"&5/6#/0:&72/%;&#'"&2(0"&#I-"&*+&6(06*.,".&72",&/%&H'(2"&

83&E#&#'"&6*%6)72/*%&*+&#'"&89F0/%7#"&."6*.,/%;&-"./*,:&#'"&5/6#/0&$(2&)"+#&/%&

#'"&-/#&*+&#'"&(%#)/*%:&(%,&#'"&."267".&$(2&."0*5",&(%,&,/26(.,",3&&
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Analysis of Video Data 

 !"#$%&"'()"*#+,-&.'"'&-$/'*&0)&$&1'1)"2&($"*&#+&03'&($1()"*'"-4&

0"$+-5'""'*&0)&$&()1670'"4&$+*&/#'.'*&#+&8#+*).-&9'*#$&:%$2'"&)"&;<=>&?&

0#1'@#+0'"/$%&-$16%#+,&*'-#,+&.$-&7-'*&0)&"'()"*&"'-(7'&A'3$/#)"-&-3).+&

*7"#+,&/#*')&6%$2A$(B>&C+&03#-&*'-#,+4&'$(3&DE@1#+70'&0"#$%&.$-&*#/#*'*&#+0)&

FE&#+0'"/$%-4&'$(3&GE&-'()+*-&%)+,>&H7"#+,&6%$2A$(B4&)+'&'I6'"#1'+0'"&($%%'*&

)70&'$(3&#+-0$+('&)5&"'-(7'&A'3$/#)"&$-&#0&)((7""'*&#+&03'&/#*')4&.3#%'&

$+)03'"&'I6'"#1'+0'"4&7-#+,&$&-0)6.$0(34&1$"B'*&'$(3&A'3$/#)"&*).+&#+&#0-&

$66")6"#$0'&0#1'&#+0'"/$%>&J+*'"&03'&0#1'@#+0'"/$%&-$16%#+,&*'-#,+4&#5&03'&

-$1'&026'&)5&"'-(7'&A'3$/#)"&.$-&)A-'"/'*&17%0#6%'&0#1'-&.#03#+&03'&-$1'&

GE@-'()+*&#+0'"/$%4&#0&.$-&"'()"*'*&)+%2&)+('&6'"&#+0'"/$%>&C5&$&"'-(7'"&$+0&

*#-6%$2'*&1)"'&03$+&)+'&026'&)5&"'-(7'&A'3$/#)"&.#03#+&03'&-$1'&#+0'"/$%4&

A)03&A'3$/#)"-&.'"'&1$"B'*&*).+&#+&03'&-$1'&#+0'"/$%>&!3'&03"''&026'-&)5&

"'-(7'&A'3$/#)"&#+/'-0#,$0'*&#+&03#-&-07*24&%#1A@67%%#+,4&-$+*&*#-6%$('1'+04&

$+*&$00$(B4&.'"'&()*'*&7-#+,&03'&-0$+*$"*&)6'"$0#)+$%&*'5#+#0#)+-&*'-("#A'*&

#+&!$A%'&D>& 

C+&$**#0#)+4&03'&A'3$/#)"&)5&'$(3&"'-(7'"&*7"#+,&#0-&:3$-'&D&0"#$%&.$-&

)A-'"/'*&$+*&7-'*&0)&*'0'"1#+'&#0-&,")76&*'-#,+$0#)+4&)"&K$07"$%&L")76>&

M'-(7'"&$+0-&03$0&*#*&+)0&5$%%&#+0)&03'&6#0&#+&:3$-'&D&N03'"'A2&$/)#*#+,&

'+()7+0'"#+,&$+&$+0%#)+O&.'"'&*'-#,+$0'*&$-&K)+@M'-(7'"->&M'-(7'"&$+0-&

03$0&5'%%&#+0)&03'&6#0&$+*&3$*&03'&)66)"07+#02&0)&#+0'"$(0&.#03&03'&$+0%#)+&$+*&

/#(0#14&A70&*#*&+)0&6'"5)"1&$+2&)5&03'&03"''&0$",'0&"'-(7'&A'3$/#)"-4&.'"'&
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!"#$%&'("!)'#)*+#",-",#.)/'#(012),"#34",#)(5'()6"00)$&(7)(5")8$()'&!)8",67,9"!)

,"#34")+"5'-$7,):",")!"#$%&'("!)'#);"#34",#.))

Inter-Rater Reliability 

) <&(",=,'(",),"0$'+$0$(1):'#)!"(",9$&"!)+1)3'0340'($&%)>,7&+'35?#)

37"66$3$"&()'085')4#$&%)(5");)#('($#($3'0)8'3@'%")A8#1?)B-.)C.CD.)E:7)76)(5")6$-")

,'(",#)"F5$+$("!)#4+#('&($'0)'%,""9"&()'3,7##)'00)(5,""),"#34")+"5'-$7,#)

B'085')G)H.IJDK)(5"#")$&!$-$!4'0#):",")(5","67,")4#"!)(7)"-'04'("),"#34")

+"5'-$7,)$&)"'35)(,$'02):5$0")(5")7(5",)(5,"")"F8",$9"&(#):",")4#"!)(7),"37,!)

(5"),'(",#?)7+#",-'($7&#.)

Statistics 

L),"8"'("!=9"'#4,"#)LM*NL2):$(5)7&"):$(5$&=#4+O"3(#)6'3(7,)BP5'#"Q)

C)7,)RD)'&!)7&")+"(:""&=#4+O"3(#)6'3(7,)BM'(4,'0)S,748Q)M7&=;"#34",2)

*+#",-",2)7,);"#34",D2):'#)4#"!)(7)'&'01T")(5")#"-"&)!"8"&!"&()-',$'+0"#Q)

B'D)(5")(7('0)!4,'($7&)76),"#34")+"5'-$7,)!4,$&%)')(,$'02)!"6$&"!)'#)(5")&49+",)

76)$&(",-'0#)!4,$&%):5$35)'()0"'#()7&")76)(5")(5,"")(18"#)76),"#34")+"5'-$7,)

:'#),"37,!"!K)B+D)(5")&49+",)76)!$66","&()(18"#)76),"#34")+"5'-$7,)"F5$+$("!)

!4,$&%)')(,$'02),'&%$&%)6,79)')9$&$949)76)H)B&7),"#34")+"5'-$7,D)(7)')

9'F$949)76)U)B'00)(5,"")(18"#)76),"#34")+"5'-$7,DK)B3D)(5")0'("&31)(7)8",67,9)

,"#34")+"5'-$7,2)!"6$&"!)'#)(5")&49+",)76)$&(",-'0#2)37&-",("!)$&(7)#"37&!#2)

(5'()"0'8#"!)+"67,")(5"),"#34",)+"%'&)"F5$+$($&%),"#34")+"5'-$7,K)B!D)(5")

07&%"#()37&($&474#)+74()76),"#34")+"5'-$7,2)!"6$&"!)'#)(5")0',%"#()&49+",)76)
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!"#$%&'()*+&$%*,-!.-*#-$*%$)./$%*0$%1+%2$3*%$)./$*4$-'&!+%*.+")$./#!&$(56*

'"3*#-$*3/%'#!+")*+1*7$8*(!2490/((!":;*718*)'"3*3!)0('.$2$"#;*'"3*7:8*'##'.<*

4$-'&!+%;*3$1!"$3*')*#-$*"/24$%*+1*!"#$%&'()*!"*$'.-*#%!'(*!"*,-!.-*#-$*

%$)0$.#!&$*4$-'&!+%)*,$%$*0$%1+%2$3=*>+)#*-+.*.+20'%!)+")*/)!":*?$,2'"9

@$/()*#$)#)*,$%$*0$%1+%2$3*#+*!3$"#!15*#-$*)!:"!1!.'"#*%$('#!+")-!0)*4$#,$$"*

!"3!&!3/'(*.+"3!#!+")=*>%!2'%5*)#'#!)#!.'(*'"'(5)$)*,$%$*0$%1+%2$3*!"*A>AA*&=*

BC=D=**

*

*

*

*

*

*

*

*

*

*

*

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

7777777777777777777777777777777777777777777777777777777777777777&

4%5"6-.+& )*%+",-./"$&8%1-/-,-./&

9-:#;*<$$-/3& =/,&3+"#2&$-:#&.1&,5%&"/,&6->,-:&?-,5&:"/8-#$%2&"/8&

8+"32&-,&#">@?"+82&?-,5&1+%A<%/,&"/,%//",-./(&!5%&

"/,%//"%&"+%&1">-/3&1.+?"+8B&-/&,5%&>5"+">,%+-2,->&/./;

"33+%22-6%&*.2,<+%(&

C"/8&8-2*$">%:%/,& =/,&*->@2&<*B&<2-/3&-,2&:"/8-#$%2B&./%&.+&:.+%&*"+,->$%2&

.1&2"/8D2<#2,+",%&>.6%+-/3&,5%&1-$,%+&*"*%+&.+&%/2/"+%8&

"/,&6->,-:B&"/8&:.6%2&-,&",&$%"2,&./%&#.8E&$%/3,5&1+.:&

-,2&.+-3-/"$&*.2-,-./F&.+B&,5%&"/,&*.2-,-./2&-,2%$1&?-,5-/&G&

>:&.1B&"/8&1">-/3B&,5%&%/2/"+%8&6->,-:B&"/8&1$->@2&2"/8&

#">@?"+8B&"?"E&1+.:&,5%&6->,-:B&<2-/3&-,2&"/,%+-.+&$%32(&

!5%&"/,%//"%&"+%&1">-/3&1.+?"+8B&-/&,5%&>5"+">,%+-2,->&

/./;"33+%22-6%&*.2,<+%(&

=,,">@& =/,&%/3"3%2&-/&%-,5%+&.1&,?.&"33+%22-6%&#%5"6-.+2H&

4-,-/3D8-2:%:#%+-/3B&>$.2-/3&-,2&:"/8-#$%2&"+.</8&*"+,&

.1&,5%&"/,$-./I2&#.8EB&2.:%,-:%2&?5-$%&"$2.&:.6-/3&

"?"E&1+.:&,5%&"/,$-./F&.+B&2,-/3-/3B&8-+%>,-/3&-,2&2,-/3%+&

,.?"+8&,5%&"/,$-./B&.1,%/&?5-$%&,5%&3"2,%+&J"#8.:%/K&-2&

1$%L%8B&><+6%8&</8%+/%",5&,5%&#.8E(&=$$&",,">@&

>.:*./%/,2&"+%&*%+1.+:%8&?-,5&,5%&"/,%//"%&1$%L%8&

#">@?"+8B&-/&,5%&>5"+">,%+-2,->&"33+%22-6%&*.2,<+%(&

7777777777777777777777777777777777777777777777777777777777777777&

=8"*,%8&1+.:&!"E$.+B&M-26"8%+B&N.?#"5"+-B&O&P.$$-2B&GQ'R(&
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RESULTS 

!"#$#%&"$'"()"*%+,-."/01%2-"3"%4."01%2-"56"#,+%&2"7-,-",-8$,.-.9")"$'"

71+81"7-,-":&#+;%#-&<"-=8&:.-."',$;"#1-"%4%&<2+2".:-"#$"*,$>&-;2".:,+4?"

#1-"#,+%&9"2:81"%2"#1-"@+8#+;"-28%*+4?"',$;"#1-"%4#&+$4"$,"#1-"%4#&+$4",-':2+4?"

#$"?,%>"#1-"@+8#+;"7+#1+4"#1-"#7$A;+4:#-"#+;-"&+;+#B"C1-"(D",-;%+4+4?"#,+%&2"

7-,-":2-."#$"-=%;+4-"*$#-4#+%&".+''-,-48-2"+4",-28:-">-1%@+$,"*%##-,42"

>-#7--4"01%2-"3"%4."01%2-"5"%;$4?"#1-"#1,--".+''-,-4#"E%#:,%&"F,$:*2"

/E$4AG-28:-,9"H>2-,@-,9"%4."G-28:-,6B"""""""""""""

Statistical Analyses"

G-*-%#-.A;-%2:,-2"!EHI!2",-@-%&-."+4#-,%8#+$4"-''-8#2">-#7--4"#1-"

01%2-"%4."E%#:,%&"F,$:*"'%8#$,2"+4"'+@-"$'"#1-"2-@-4";-%2:,-;-4#2"$'",-28:-"

*-,'$,;%48-J"#$#%&".:,%#+$4"$'",-28:-">-1%@+$,9"!/59KL6"M"LBDL59"*"M"DBDDK"

/N+?:,-"36O"4:;>-,"$'".+''-,-4#"#<*-2"$'",-28:-">-1%@+$,"!/59KL6"M"PB3P)9"*"M"

DBDD)"/N+?:,-"56O"&%#-48<"#$"*-,'$,;",-28:-">-1%@+$,9"!/59KL6"M"3DB()(9"*"M"

DBDDD"/N+?:,-"K6O"&$4?-2#">$:#"$'",-28:-">-1%@+$,9"!/59KL6"M"33BL539"*"M"DBDDD"

/N+?:,-"(6O"%4.".:,%#+$4"$'"&+;>A*:&&+4?">-1%@+$,9"!/59KL6"M"3DB3))9"*"M"DBDDD"

/N+?:,-")6B""E$"+4#-,%8#+$4"-''-8#2"7-,-"$>2-,@-."'$,".:,%#+$4"$'"2%4."

.+2*&%8-;-4#">-1%@+$,9"!/59KL6"M"DBD)K9"*"M"DBQ(R"/N+?:,-"P69"$,".:,%#+$4"$'"

%##%8S">-1%@+$,9"!/59KL6"M"5BP5(9"*"M"DBDRP"/N+?:,-"L6B""

E$4-"$'"#1-";-%2:,-;-4#2",-@-%&-."%"2#%#+2#+8%&&<"2+?4+'+8%4#"01%2-"

-''-8#"/#$#%&".:,%#+$4"$'",-28:-">-1%@+$,9"!/39KL6"M"3BR)Q9"*"M"DB3R3O"4:;>-,"
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!"#$%""&'&()#)*+&,#!"#'&,-.&#/&012%!'3#!453678#9#:;<=>3#+#9#:;<?@#A1)&(-*#)!#

+&'"!'B#'&,-.&#/&012%!'3#!453678#9#;C?>3#+#9#:;D?@#A!(E&,)#/!.)#!"#'&,-.&#

/&012%!'3#!453678#9#C;C=D3#+#9#:;56?@#$.'1)%!(#!"#A%B/F+.AA%(E#/&012%!'3#

!453678#9#5;=D3#+#9#:;5=C@#$.'1)%!(#!"#,1($#$%,+A1-&B&()#/&012%!'3#!453678#9#

:;:D53#+#9#:;=C6@#$.'1)%!(#!"#1))1-G#/&012%!'3#!453678#9#C;<?73#+#9#:;5C68;####

HAA#'&,-.&#+&'"!'B1(-&#B&1,.'&B&(),#01$#,)1)%,)%-1AA*#,%E(%"%-1()#

I1).'1A#J'!.+#&""&-),#4)!)1A#$.'1)%!(#!"#'&,-.&#/&012%!'3#K4C3678#9#=;:=C3#+#9#

:;::5@#(.B/&'#!"#$%""&'&()#)*+&,#!"#'&,-.&#/&012%!'3#K4C3678#9#6C;5<63#+#9#

:;:::8@#A1)&(-*#)!#+&'"!'B#'&,-.&#/&012%!'3#K4C3678#9#CD;=6=3#+#9#:;:::@#

A!(E&,)#/!.)#!"#'&,-.&#/&012%!'3#K4C3678#9#5<;7<<3#+#9#:;:::@#$.'1)%!(#!"#

A%B/F+.AA%(E#/&012%!'3#K4C3678#9#>;>6=3#+#9#:;::6@#$.'1)%!(#!"#,1($#

$%,+A1-&B&()#/&012%!'3#K4C3678#9#D;?<?3#+#9:;::>@#$.'1)%!(#!"#1))1-G#

/&012%!'3#K4C3678#9#55;5773#+#9#:;:::8;#L&-1.,&#1(),#M&'&3#/*#$&"%(%)%!(3#

'&)'!1-)%2&A*#1,,%E(&$#)!#,+&-%"%-#I1).'1A#J'!.+,#1--!'$%(E#)!#)0&%'#!M(#

/&012%!'#%(#N01,&#53#)0&,&#,)1)%,)%-1AA*#,%E(%"%-1()#&""&-),#1'&#(!)#

&O+&'%B&()1AA*#B&1(%(E".A3#1($#1'&#)0&'&"!'&#&O-A.$&$#"'!B#)0&#$%,-.,,%!(#

!"#)0&#'&,.A),;#

Individual Comparisons #

N!,)#0!-#-!B+1'%,!(,#.,%(E#I&MB1(FP&.A,#)&,),#'&2&1A&$#)01)#1(),#%(#

)0&#Q&,-.&'#E'!.+#,+&()#!(#12&'1E&#D;7C7#%()&'21A,#4!.)#!"#1#+!,,%/A&#6:8#

+&'"!'B%(E#!(&#!'#B!'&#'&,-.&#/&012%!',#$.'%(E#N01,&#53#M0%-0#M1,#(!)#

,%E(%"%-1()A*#$%""&'&()#"'!B#)0&#)!)1A#'&,-.&#$.'1)%!(#!"#)0&#Q&,-.&'#E'!.+#
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!"#$%&'()*+,'-'.!.-/-0'1'23456/'7'8'93920'.:$&3'603';),'<=%>?,+@",#'&#="7'

!$+7A*B,!'#,+@",'C,)*D$=#'!"#$%&'93E-F'$%G,#D*A+'=%'*D,#*&,'!"#$%&'()*+,'-/'

H)$@)'H*+'%=G'*'+$&%$I$@*%G'$%@#,*+,'I#=J'()*+,'6/'!"#$%&'H)$@)/'CB'

!,I$%$G$=%/'G),'<=%>?,+@",#'&#="7'7,#I=#J,!'%='#,+@",'C,)*D$=#'.!.4/-0'1'

93F4F/'7'8'939203'K'+$J$A*#'7*GG,#%'H*+'=C+,#D,!'$%'G),'LC+,#D,#'&#="7'*@#=++'

()*+,'6'*%!'()*+,'-/'H),#,'G),'()*+,'-'LC+,#D,#+'+7,%G'=%'*D,#*&,'932'
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