
HAL Id: hal-02891743
https://hal.science/hal-02891743

Submitted on 7 Jul 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

G-Sparks: Glanceable Sparklines on Smartwatches
Ali Neshati, Yumiko Sakamoto, Launa Leboe-Mcgowan, Jason

Leboe-Mcgowan, Marcos Serrano, Pourang Irani

To cite this version:
Ali Neshati, Yumiko Sakamoto, Launa Leboe-Mcgowan, Jason Leboe-Mcgowan, Marcos Serrano, et
al.. G-Sparks: Glanceable Sparklines on Smartwatches. 45th Conference on Graphics Interface (GI
2019), May 2019, Kingston, Ontario, Canada. pp.1-9, �10.20380/GI2019.23�. �hal-02891743�

https://hal.science/hal-02891743
https://hal.archives-ouvertes.fr


Official URL 
https://doi.org/10.20380/GI2019.23 

Any correspondence concerning this service should be sent 

to the repository administrator: tech-oatao@listes-diff.inp-toulouse.fr 

This is an author’s version published in: 
http://oatao.univ-toulouse.fr/26190 

Open  Archive  Toulouse  Archive  Ouverte 

OATAO is an open access repository that collects the work of Toulouse 
researchers and makes it freely available over the web where possible 

To cite this version: Neshati, Ali and Sakamoto, Yumiko and 

Leboe-Mcgowan, Launa and Leboe-Mcgowan, Jason and 

Serrano, Marcos and Irani, Pourang G-Sparks: Glanceable 

Sparklines on Smartwatches. (2019) In: 45th Confernece on 

Graphics Interface (GI 2019), 28 May 2019 - 31 May 2019 

(Kingston, Ontario, Canada). 



G-Sparks: Glanceable Sparklines on Smartwatches!
!

!!!!!!!!!!!!!!!"#$!%&'()*$+!!!!!!!!!!!!!!!!!,-.$/0!1)/).0*0†!!!!!!!!!!!!!2)-3)!4!2&50&67890:)3‡!!!!!!!!!!;)'03!2&50&67890:)3<!!!!!!!!

!!!!!!!!!!!!=3$>&?'$*@!0A!7)3$*05)!!!!!!!!!!!!!!=3$>&?'$*@!0A!7)3$*05)!!!!!!!!!!!!!!!!!!!!!!!!=3$>&?'$*@!0A!7)3$*05)!!!!!!!!!!!!!!!!!!!!!!!!!!!!!=3$>&?'$*@!0A!7)3$*05)!

!!!!!!!!!!!!!!!B$33$C&DE!4)3)F)!!!!!!!!!!!!!!!!!!!!B$33$C&DE!4)3)F)!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!B$33$C&DE!4)3)F)!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!B$33$C&DE!4)3)F)!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!7)?80'!1&??)30G!!!!!!!!!!!!!!!!!!!!!!!H0-?)3D!I?)3$++!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!=3$>&?'$*@!0A!J0-#0-'&E!IKIJ!6!L#$C'&!!!!!!!!!!!!!!!!=3$>&?'$*@!0A!7)3$*05)!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!J0-#0-'&E!M?)38&!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!B$33$C&DE!4)3)F)!

!

"#$%&"'%!

"#$%&%'%()!$*+!,-+!./!0!-&011!2%-#103!4*%1+!#5+-+($%()!)50#*%6!20$0!
-,6*!0-! 1%(+!6*05$-! %-!6*011+()%()7!8.! $0691+! $*%-:!4+!#5.#.-+!;<
=#059-:!0!6.&#06$!>%-,01!5+#5+-+($0$%.(!./!)10(6+0?1+!1%(+!)50#*-!
/.5!-&05$40$6*+-7!",5!+@#1.50$%.(!#5%&05%13!6.(-%2+5+2!$*+!-,%$0?1+!
6.&#5+--%.(!0@+-!/.5!$%&+<-+5%+-!6*05$-7!A(!0!/%5-$!-$,23!4+!+@0&%(+!
$*+! .#$%&01! 1%(+<)50#*! 6.&#5+--%.(! 0##5.06*! 4%$*.,$!
6.&#5.&%-%()! #+56+#$,01! &+$5%6-:! -,6*! 0-! -1.#+! .5! *+%)*$!
2+$+6$%.(-7! B+! +>01,0$+2! 6.&#5+--%.(-! ./! 1%(+! -+)&+($-:! $*+!
+1+&+($053!,(%$!./!0! 1%(+!)50#*:!01.()! $*+!@<0@%-:!3<0@%-:!0(2!@3<
0@+-7!C.($5053! $.! %($,%$%.(:!4+! /%(2! $*0$!!"#$%#&'#(!()*+,&!-'%.$/
0")%!*!!1)*2%!)%*$'#(!./!*+%)*$!+-$%&0$%.(-!$*0(!(.(<6.&#5+--+2!
)50#*-:! ?,$! .(13! 4*+(! $*+-+! 05+! 6.&#5+--+2! 01.()! $*+! @<0@%-7!
D,%12%()! /5.&! $*%-! 5+-,1$:! 4+! -$,23! $*+! +//+6$! ./! 0(! @<0@%-!
6.&#5+--%.(!.(!,-+5-E!0?%1%$3!$.!#+5/.5&!F)10(6+0?1+F!0(013$%6!$0-9-!
4%$*! 06$,01! 20$07! ;10(6+0?1+! $0-9-! %(61,2+! G,%69! #+56+#$,01!
H,2)+&+($-!./!)50#*!#5.#+5$%+-7!!I-%()!?%.<&+$5%6!20$0!J*+05$!50$+K:!
4+!/%(2!$*0$!-*5%(9%()!0!1%(+!)50#*!$.!$*+!#.%($!./!5+#5+-+($%()!.(+!
20$0!-0&#1+!#+5!#%@+1!2.+-!(.$!6.&#5.&%-+!1+)%?%1%$37!L-!+@#+6$+2:!
-,6*! $3#+! ./! 6.&#5+--%.(! 01-.! *0-! $*+! +//+6$! ./! &%(%&%'%()! $*+!
(++2+2!0&.,($!./!/1%69%()!$.!%($+506$!4%$*!-,6*!)50#*-7!M5.&!.,5!
5+-,1$-:! 4+! .//+5! ),%2+1%(+-! $.! 0##1%60$%.(! 2+-%)(+5-! (++2%()! $.!
%($+)50$+!1%(+!6*05$-!%($.!-&05$40$6*!0##-7!

!"#$%&'(N! =&05$40$6*! >%-,01%'0$%.(:! -&011! -65++(:! 1%(+! )50#*:!
6.&#5+--%.(!&+$*.2-:!-#059!1%(+-7!

)*'"+,-"&.(/!!O7P7Q!RA(/.5&0$%.(!A($+5/06+!0(2!S5+-+($0$%.(T!

(! )*%&+,-'%)+*!

=&05$40$6*+-!0(2!2%)%$01!05&?0(2-!05+!#.#,105!2,+!$.!$*+%5!-&011!
/.5&</06$.5! .//+5%()! ,-+5-! 6.(-$0($! 066+--! $.! %(/.5&0$%.(7! 8*+%5!
>05%+2!-+(-.5-!60(!&.(%$.5!-1++#!0(2!*+05$!50$+!RU:VU:WUT!0(2!0--%-$!
4%$*!/%$(+--!$5069%()!RVXT!.5!5+6.)(%'%()!-$5+--!RYT7!8*+-+!-+(-.5-!
)+(+50$+! &0--%>+! 0&.,($-! ./! $%&+<-+5%+-! 20$0:! 6.&&.(13!
>%-,01%'+2! ,-%()! 1%(+! )50#*-! JM%),5+! ZK7! O.4+>+5:! -,6*!
>%-,01%'0$%.(-!60(!?+!2%//%6,1$! $.!>%+4!0(2!?5.4-+! %(<-%$,:!.(! $*+!
2+>%6+! %$-+1/:! 0! 6.&&.(! (++2! 5+#.5$+2! ?3! ,-+5-! RVT7! B*%1+!
5+-+056*+5-! *0>+! %(>+-$%)0$+2! 1%(+! )50#*! >%-,01%'0$%.(-! &+$*.2-!
RZ[:ZYT:! $*+%5! #5+-+($0$%.(! 0(2! %($+506$%.(! .(! -&011! -&05$40$6*!
-65++(-!%-!-$%11!0(!.#+(!6*011+()+!RV:Z\T7!A(!$*%-!4.59!4+!0-9!*.4!
?+-$! $.! -*5%(9! 1%(+! )50#*-! $.!&%(%&%'+! %($+506$%.(! +//.5$!4%$*.,$!
-065%/%6%()!)10(6+0?%1%$37!!

!

M$D-?&!NO! 2$3&! D?)C('! )?&! 03&! 0A! *(&! .0'*! 80..03! F)*)!

>$'-)#$P)*$03! *&8(3$Q-&'! 03! '.)?*:)*8(&'! *0! ?&C?&'&3*! #)?D&! *$.&6

'&?$&'!F)*)!80##&8*&F!5@!'&3'0?'R!

A(-#%5+2!?3!=#0591%(+-!RWXT:!0!$+6*(%G,+!$.!%($+)50$+!1%(+!)50#*-!
1%9+!4.52-!%(!$+@$-:!%&0)+-:!0(2!$0?1+-:!4+!%(>+-$%)0$+!>05%.,-!403-!
./! 6.(2+(-%()! *%)*<2+(-%$3! 6.($%(,.,-! $%&+<-+5%+-! 20$0! .(!
-&05$40$6*+-7! L1$*.,)*! =#0591%(+-! 60(! ?+! ,-+2! 2%5+6$13!
-&05$40$6*+-:!$*%-!$+6*(%G,+!6.&#5+--+-!$*+!1%(+!)50#*!&0%(13!.(!!
.(! $*+! 3<0@%-:! $.! %($+)50$+! %$! 4%$*%(! 4.52-7! O.4+>+5:! .(!
-&05$40$6*+-:! 4+! #.-$,10$+! $*0$! 6.(2+(-%()! 1%(+! )50#*-! .(!
-&05$40$6*+-:!-,6*!$*0$!$*+3!05+!1+)%?1+:!60(!+(0?1+!0!*.-$!./!(+4!
-6+(05%.-7! M.5! %(-$0(6+:! -*.4%()! $*+! ,-+5E-! 6.($%(,.,-! *+05$! 50$+!
*%-$.53!?+-%2+!.$*+5!%(/.5&0$%.(!-,6*!0-!-1++#!G,01%$3!0(2!?5+0$*%()!
#0$$+5(-:!60(!?+$$+5!%(/.5&!$*+!,-+5!./!$*+%5!-$5+--!1+>+1!0(2!&09+!
$*+&!0405+!./!$*+%5!?%.&+$5%6!-$0$+-7!!
;10(6+0?%1%$3:!%(!%(/.5&0$%.(!>%-,01%'0$%.(!*0-!./$+(!5+/+55+2!$.!

?+%()! 0?1+! $.! G,%6913! +@$506$! $*+! (+6+--053! %(/.5&0$%.(! /5.&! 0!
2%-#103!?3!0!G,%69!)10(6+7!8*+!A(/.C0(>0-!RVPT!%-!0!610--%6!+@0&#1+!
./!0!)10(6+0?1+!2%-#103:!0-!%$!011.4-!0!G,%69!#+56+#$,01!+@$506$%.(!
./!$*+!%(/.5&0$%.(!+(6.2+2!%(!$*+!>%-,01-7!B+!05),+!$*0$!>%-,01-!.(!
-&05$40$6*+-!-*.,12!01-.!/06%1%$0$+!G,%69!)10(6+-!RUUT!&+0(%()!$*0$!
>%-,01%'0$%.(!$+6*(%G,+-!-*.,12!?+!2+-%)(+2!%(!0!403!$.!“6.(>+3!0!
large amount of information during brief glances”!RPT7!L!9+3!2+-%)(!
6*011+()+!4+!0225+--!%-!0!&+$*.2!$.!-++!0-!105)+!0(!0&.,($!./!$*+!
20$0-+$! .(! $*+! -&05$40$6*:! ?3! 6.(2+(-%()! $*+! )50#*-:! 4%$*.,$!
6.&#5.&%-%()!$*+!)10(6+0?%1%$3!0-#+6$-!(+6+--053!/.5!%(<-%$,!$0-9-7!!
8*5.,)*!$4.!+@#+5%&+($-!4+!+@#1.5+2!$*+!2%&+(-%.(-!J@<:!3<:!.5!

?.$*K!?+-$!-,%$+2!0$!-*5%(9%()!0!1%(+!)50#*!4*%1+!-$%11!?+%()!0?1+!$.!
5+-#.(2!$.!?0-%6!#+56+#$,01!0(2!H,2)+&+($!$0-9-7!A(!$*+!/%5-$!-$,23:!
we test users’ perceptual ability to differentiate heights of line 

-+)&+($-:! a graph’s atomic ,(%$7! B+! /%(2! $*0$:! .>+5011:! )50#*!
-+)&+($-!05+!?+-$!%($+5#5+$+2!4*+(!6.&#5+--+2!01.()!$*+!@<0@%-7!A(!
=$,23!U:!4+!+@0&%(+!)1.?01!$0-9-:!-,6*!0-!G,%6913!2+$+6$%()!0!#+09:!
for their “glanceability” when the graph is condensed along the x<
0@%-7!",5!5+-,1$-!5+>+01!$*0$!1%(+!)50#*-!60(!?+!6.&#5+--+2!$.!$*+!
#.%($! ./! #5+-+($%()! .(+! 20$0! -0&#1+! #+5! #%@+1! 01.()! $*+! @<0@%-:!
4%$*.,$! 1.--! ./! #+56+#$,01! #+5/.5&0(6+7! 8*%-! 5+-,1$! %-!

]!+<&0%1!N!(+-*0$%0^6-7,&0(%$.?0760!
†!+<&0%1N!3,&%9.7-090&.$.^,&0(%$.?0760!
‡!+<&0%1N!_0,(07_+?.+<`6;.40(^,&0(%$.?0760!
a!+<&0%1N!b0-.(7_+?.+<`6;.40(^,&0(%$.?0760!
c!+<&0%1N!&056.-7-+550(.^%5%$7/5!
]]!+<&0%1N!#.,50()7%50(%^6-7,&0(%$.?0760!



6.,($+5%($,%$%>+! 0(2!2+&.(-$50$+-! $*0$! ,-%()! 0! *%)*13! 0))5+--%.(!
6.&#5+--%.(!0##5.06*:!4%11!(.$!(+6+--05%13!2+)502+!)50#*!1+)%?%1%$3!
#+5/.5&0(6+:!/.5!$*+!9+3!$0-9-!-+1+6$+2!%(!.,5!-$,237!
",5! 6.($5%?,$%.(-! %(61,2+! JZK! 0(! +@#1.50$%.(! %($.! -,%$0?13!
6.(2+(-%()! 1%(+! )50#*-! $.! 5+#5+-+($! $+&#.501! 20$0:! .(!
-&05$40$6*+-d!0(2!JUK!0(!+@0&%(0$%.(!%($.!4*+$*+5!0(!0))5+--%>+!
6.&#5+--%.(!1+>+1!can still lead to (a) “glanceable” line graphs, with 
J?K!&%(%&01!%($+506$%>%$37!

.! &/0"%/,!1+&2!

B+! #5.>%2+! 0(! .>+5>%+4! ./! 5+1+>0($! 4.59! .(! -&011! -65++(!
>%-,01%'0$%.(!$+6*(%G,+-!0(2!)50#*%601!#+56+#$%.(7!

.3(! )456789:;64!<;=>9?;@9:;64!64!$89??!$A7BB4=!

C.(-,&+5! %($+5+-$! %(! &.(%$.5%()! 6.($%(,.,-! *,&0(! 06$%>%$%+-:!
4*%6*! 60(! ?+! 06*%+>+2! ?3! 0(! ,(.?$5,-%>+! 2+>%6+! -,6*! 0-! 0!
-&05$40$6*:!%-!%(65+0-%()!50#%213!RV[T7!B*+(!$*+!20$0!%-!%($+5#5+$+2!
#5.#+513:! %$! 60(! +(5%6*! .,5! 1%>+-:! #05$%6,10513! 4*+(! %$! 6.(6+5(-!
*+01$*<5+10$+2!0(2!#+5-.(01!06$%>%$%+-!J+7)7:!O.4!&0(3!601.5%+-!2%2!
3.,!,-+!$.203eK!RWVT7!_%!+$!017!RVZT!%2+($%/%+2!-%@!&0H.5!G,+-$%.(-!
$*0$!6.(-,&+5-!5+),10513!0-9!4*+(!1..9%()!0$!$*+%5!#+5-.(01!20$07!
8*+-+! 6+($+5! 05.,(2! =$0$,-:! O%-$.53:! ;.01-:! f%-65+#0(6%+-:!
C.($+@$:!0(2!M06$.5-7!g//+6$%>+!20$0!>%-,01%'0$%.(-!05+!+--+($%01!$.!
/%(2! 0(-4+5-! $.! $*+-+! -%@! &0H.5! G,+-$%.(-! .(! -&05$40$6*+-!
$*5.,)*.,$!$*+!203!RU\T7!
8*+5+!+@%-$!0!(,&?+5!./!4.59-!6.(6+5(%()!$*+!5+#5+-+($0$%.(!./!

*+01$*!20$0:!-,6*!0-!/.5!%($5.2,6%()!(.>+1!0(013$%6!0(2!>%-,01%'0$%.(!
$..1-! /.5! g1+6$5.(%6! O+01$*! h+6.52-! JgOhK! RPZT7! M.5! +@0&#1+:!
B0()! +$! 017! RWYT! %($5.2,6+2! 0(! %($+506$%>+! >%-,01! $..1! $*0$! *+1#-!
#5./+--%.(01-! $.! 2+$+6$! *%22+(! #0$$+5(-! %(! patients’! 20$0:! 4*%6*!
.$*+54%-+! 60(! ?+! *052! $.! 2+$+6$7! O+01$*! 20$0! %-! ,-,0113! 6.&#1+@!
&0--%>+! $%&+<-+5%+-! 20$07! M.5! %(-$0(6+:! *+05$! 50$+! 0(2!
g1+6$5.6052%.)50&!.5!gC;:!5+-#%50$.53!20$0:!0(2!?.23!$+&#+50$,5+!
05+! $%&+<-+5%+-!20$07!`0(3!*+01$*!20$0! $3#+-! 05+! 65,6%01! 0(2! %$! %-!
65,6%01! /.5! #*3-%6%0(-! $.! *0>+! 5+01<$%&+! 066+--! $.! -,6*! 20$0! 0(2!
>%-,01%'0$%.(-! RU[T7!f%&+(-%.(! 5+2,6$%.(! $+6*(%G,+-:! -,6*! 0-! $*+!
S+56+#$,0113! A&#.5$0($!S.%($! JSASK! 01).5%$*&:!*0>+!?++(!,-+2! $.!
&09+!6.&#1+@!&0--%>+!*+01$*!20$0!-%&#1+5!0(2!+0-3!$.!,(2+5-$0(27!
M.5!%(-$0(6+:!M,!+$!017!RUQT!-*.4+2!*.4!SAS!60(!?+!0##1%+2!.(!1%(+!
)50#*-:!0-!$*+!&.-$!6.&&.(!403!$.!5+#5+-+($!105)+!gC;!20$07!!
_%(+!)50#*-!05+!*%)*13!6.&&.(!0-!$*+3!6.(>+3!&0(3!0-#+6$-!./!

$+&#.501! 20$07! i.>+1! 1%(+! )50#*! 2+-%)(-! *0>+! 1.()! ?++(!
%(>+-$%)0$+2!?3!&0(3!5+-+056*+5-!RUY:WQT7!=#0591%(+-:!#5.#.-+2!?3!
8,/$+! RWXT:! 6.&#5+--+-! 1%(+! )50#*-:! ,-,0113! 4%$*.,$! 0@+-! .5!
6..52%(0$+-:!$.!5+#5+-+($!*%)*!5+-.1,$%.(!0(2!6.($%(,.,-!$%&+<-+5%+-!
20$07!=#0591%(+-!%-!2+-%)(+2!$.!?+!+&?+22+2!%(!$+@$-:!%&0)+-:!0(2!
$0?1+-:!4%$*!-&011!/.($-:!0(2!$.!#5.>%2+!0!*%)*<1+>+1!.>+5>%+4!./!$*+!
20$07!=#0591%(+-!6.&#5+--! 1%(+!)50#*-!,-,0113!.(! $*+! -3*4'&! -,6*!
$*0$! %$! /%$-! 4%$*%(! $*+! /.($! -%'+! -+1+6$+2! /.5! %$-! 0--.6%0$+2! $+@$7!
O.4+>+5:! 2+-%)(+5-! ./! 1%(+! )50#*-! .(! -&05$40$6*+-! 05+! (.$!
(+6+--05%13!6.(-$50%(+2!?3!/.($!-%'+:!0(2!60(!6.&#5+--!1%(+!)50#*-!
.(! $*+! @<:! 3<! .5! @3<0@+-7! M,5$*+5&.5+:! 4*+(! 6.&#5+--+2:! 1%(+!
)50#*-!.(!-&05$40$6*+-!60(!?+!-$50$+)%60113!#.-%$%.(+2!$.!6.(>+3!
$*+!(+6+--053!%(/.5&0$%.(7!!
L! /+4! -$,2%+-! +@#1.5+! >%-,01%'0$%.(-! .(! -&011! -65++(-7! M.5!

%(-$0(6+:! D10-6*+69! +$! 017! RPT! %(>+-$%)0$+2! *.4! G,%6913! ,-+5-!
6.&#05+! $4.! 20$0! #.%($-:! ,-%()! $*5++! 2%//+5+($! >%-,01%'0$%.(!
&+$*.2-!J+7)7:!?05!6*05$:!2.(,$!6*05$:!0(2!502%01!?05!6*05$K!0(2!$*5++!
2%//+5+($!-%'+-!./!20$0!-+$-!J+7)7:!\:!ZU:!0(2!UW!20$0!>01,+-K:!.(!-&011!
-&05$40$6*! -65++(-7! A(! $4.! -%&%105! -$,2%+-:! $*+3! -*.4+2!
#05$%6%#0($-!2%//+5+($!6*05$-!4%$*!$4.!%(2%60$+2!20$0!#.%($-!%(!+06*!
6*05$:!0(2!#05$%6%#0($-!4+5+!0-9+2!$.!2+$+5&%(+!4*%6*!.(+!./!$*+-+!
$4.!20$0!#.%($-!*0-!*%)*+5!>01,+7!8*+3!6.11+6$+2!5+-#.(-+!$%&+-!./!

#05$%6%#0($-!$.!2+$+5&%(+!4*%6*!.(+!./!$*5++!6*05$!$3#+-!%-!$*+!&.-$!
)10(6+0?1+!6*05$!/.5!20$0!6.&#05%-.(!$0-97!!!
!M,19! RUZT! -*.4-! $*0$! 4+! -*.,12! $09+! -#+6%/%6! 0##5.06*+-! $.!

5+#5+-+($!4+?!6.($+($!.(!-&011!2%-#103-7!=#1%$!j%+4!0(2!M%-*+3+!
$+6*(%G,+-! 60(! *+1#! ,-+5-! /.6,-! .(13! .(! 0! -#+6%/%6! #05$! ./! 0!
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4%$*! /%1$+5%()! $+6*(%G,+-:! 5+#5+-+($%()! 0! 5+0-.(0?1+! 0&.,($! ./!
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$+6*(%G,+-7!M.5! %(-$0(6+:! 0,$*.5-! %(! RVQT! %($5.2,6+2! 0!#+56+#$,01!
),%2+1%(+!/.5!$5++&0#!6*05$-7!
i,&+5.,-!-$,2%+-!%(>+-$%)0$+2!)50#*%601!#+56+#$%.(!2%//+5+(6+-!

?0-+2!.(!2%//+5+($!)50#*!$3#+-!RZV–ZP:UY:WZT7!M,5$*+5:!C1+>+10(2!+$!
017! RZQT! +@0&%(+2! $+(! +1+&+($053! #+56+#$,01! $0-9-! #+.#1+! ).!
$*5.,)*!J+7)7:!-*02%():!0()1+:!1+()$*:!2%5+6$%.(:!05+0:!0(2!#.-%$%.(K!
4*+(! +@$506$%()! G,0($%$0$%>+! %(/.5&0$%.(! /5.&! 6+5$0%(! $3#+-! ./!
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0!1%(+!-+)&+($7!!

C%'(,2/$'55%)%#!%D!!
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U:! V:! W7! 8*+! 1+()$*! ./! .(+! ,(%$! .(! $*+! -3*4'&! 40-! UQ#@-! /.5! $*+!
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!!!!! !
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i.$+:!4*+(! $*+! )50#*! %-! 6.&#5+--+2! .(! $*+! 43*4'&! $.!C_l:! %$!
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0&.,($!./!C_l!.(!$*+!%(2%60$+2!0@%-7!8*%-!&+0(-:!/.5!%(-$0(6+:!$*+!
?.$$.&! ./! $*+! UPl! 43*4'&! 6.&#5+--+2! )50#*! %-! -*.5$+5! $*0(! $*+!
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>-7!43*4'&K:!>"0+)%&&'"#/?%6%.!J\Pl!>-7!PQl!>-7!UPlK!0(2!E."+%!
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$*%-!$0-9!%(!0!403!$*0$!$*+!>01,+!2%//+5+(6+!?+$4++(!$4.!20$0!#.%($-!
40-!?+$4++(!Q!0(2!W!,(%$-7!M.5!+06*!>01,+!2%//+5+(6+:!$*+5+!4+5+!
ZQ!$0-9-!5+-,1$%()!%(!PQ!$5%01-!/.5!$*+!*+%)*$!2%//+5+(6+!$0-97!8*+-+!
#0%5+2!#.%($-!4+5+!-+1+6$+2!?0-+2!.(!$*+!U!6.(2%$%.(-N!J%K!$*+!*+%)*$!!
2%//+5+(6+!./!$*+-+!#.%($-!-*.,12!(.$!+@6++2!W!,(%$-:!0(2!J%%K!$*+!$4.!
#.%($-!4+5+!(.$!-++(!.(!$*+!-0&+!/50&+7!
/

I.'!N'#(/I)%O1%#!-/

B%$*!0$!1+0-$!UQQQ!20$0!#.%($-!%(!.,5!-0&#1+-:!$*+!6*05$!40-!105)+!
+(.,)*!$.!5+G,%5+!$*0$!011!$*+!#05$%6%#0($-!/1%69!$*5.,)*!$.!#5.6+--!
$*+!+($%5+!)50#*7!B+!01-.!5+6.52+2!#05$%6%pants’!/1%69%()!/5+G,+(637!

Q3G! $:>NO!,B=;P4!

S05$%6%#0($-!%(!$*+!+@#+5%&+($01!6.(2%$%.(!4+5+!+@#.-+2!$.!0!-+5%+-!
./!;<=#059-:!4*%1+!#05$%6%#0($-!%(!$*+!6.($5.1!)5.,#!4+5+!+@#.-+2!
$.!0!-+5%+-!./!?0-+1%(+!)50#*-!J%7+7:!(.!6.&#5+--%.(:!M%),5+!XK7!!
A(! $*+!?0-+1%(+! 6.(2%$%.(:! $*+!(,&?+5!./! 20$0!#.%($-!#5+-+($+2!

4%$*%(! 0! /50&+! 40-! PQ7! L11! $*+! 20$0! #.%($-! 05+! #5+-+($+2!
+G,%2%-$0($13!0(2!$*+!2%-$0(6+!?+$4++(!+06*!$4.!6.(-+6,$%>+!20$0!
#.%($-!%-!W!#%@+1-!.(!$*+!43*4'&7!M.5!$*+!;<=#059:!2,+!$.!$*+!UPl!
6.&#5+--%.(!./! $*+!?0-+1%(+:! $*+!%($+5>01!?+$4++(!$*+!20$0!#.%($-!
40-! Z! #%@+1! .(! $*+! 43*4'&7! 8*,-:! 4+! *02! PQ! 20$0! #.%($-! /.5! $*+!
?0-+1%(+!%(!+06*!-65++(!JM%),5+![K7!L!_0$%(!-G,05+!2+-%)(!40-!,-+2!
$.!#5+>+($!#.--%?1+!.52+5!+//+6$7!L/$+5!$*+!%(-$5,6$%.(-!4+5+!)%>+(:!
#05$%6%#0($-!*02!0!$5%01!-+--%.(7!8*+!$0-9-!4+5+!$*+!-0&+!065.--!?.$*!
6.(2%$%.(-7!

\RWRN! H)?*$8$C)3*'!

8.! 0>.%2! ?%0-! 4+! 5+65,%$+2! UW! (+4! #05$%6%#0($-! JM+&01+! o! ZQK!
&.-$13!/5.&!0!1.601!,(%>+5-%$3!JF0)+o!UP7\PK7!!

\RWRU! 40##&8*&F!Y)*)!

=0&+!0-!%(!=$,23!Z:!4+!6.11+6$+2!participants’ response time (RT), 

0-! 4+11! 0-! $*+! +55.5! 50$+! JghK7! M.5! $*+! /1%69%()! /5+G,+(63:!
participants’ flicking response 40-! 5+6.52+2! .(! $*+! -&05$40$6*7!
S05$%6%#0($-!6.,12!).!?069!0(2!/.5$*!0-!/5+G,+($13!0-!$*+3!(++2+27!

Q3J! &B=>?:=!

\RTRN! "3)#@'$'!

L/$+5! (.5&01%$3! 40-! +(-,5+2:! %(2+#+(2+($! -0&#1+! $<$+-$-! 4+5+!
6.(2,6$+2! $*5.,)*.,$:! +@6+#$! /.5! $*+! O+%)*$! f%//+5+(6+!
A2+($%/%60$%.(7! M.5! $*+! O+%)*$! f%//+5+(6+! A2+($%/%60$%.(:! 0!&%@+2!
?+$4++(<4%$*%(!-,?H+6$-!Li"jL-!4+5+!6.(2,6$+2:!4%$*!6.(2%$%.(!
J?0-+1%(+!>-7!;<=#059K!0-!?+$4++(!/06$.5!0(2!$*+!*+%)*$!2%//+5+(6+!
0-!0!4%$*%(!/06$.5!JQ!>-7!Z!>-7!U!>-7!V!>-7WK7!

\RTRU! 7$3$.-.!H0$3*!Y&*&8*$03!

H%&+"#&%/2'0%/=HB@/

C.(-%-$+($! 4%$*! $*+! 5+-,1$-! ./! =$,23! Z:! $*+! &+0(! h8! /.5! $*+!
#05$%6%#0($-!%(!$*+!;<=#059-!6.(2%$%.(!40-!-%)(%/%60($13!-*.5$+5!JF!
o! ZX:WQ\&-:! EL! o! [ZY\K! $*0(! $*+! &+0(! h8! /.5! $*+! ?0-+1%(+!
6.,($+5#05$!JF!o!U\:WVU!&-:!EL!o!ZVVWVd!2UU!o!<U7ZV:!+!u!7QPK7!8*+!
+//+6$! -%'+!40-! 105)+! JŋG! o! 7Z\K:! %(2%60$%()! $*+!&0)(%$,2+! ./! $*+!
2%//+5+(6+-!%(!$*+!&+0(-!JYQUP&-K!40-!105)+!RZUT7!
/

/

/

I.'!N'#(/

S05$%6%#0($-!%(!$*+!;<=#059-!6.(2%$%.(!/1%69+2!/+4+5!$%&+-!JF!o!ZY!
/1%69-:! EL! o! [K! 6.&#05+2! $.! $*+! #05$%6%#0($-! %(! $*+! ?0-+1%(+!
6.(2%$%.(!JF!o!WW!/1%69-:!EL!o!ZXd!2ZV7VX!o!<W7PP:!+!u!7QZK7!8*+!+//+6$!
-%'+!40-!105)+!JŋG!o7WYK!%(2%60$%()!$*+!>+53!105)+!&0)(%$,2+!./!$*+!
2%//+5+(6+-! %(! $*+! &+0(-! J&+0(! 2%//+5+(6+! o! <UP7QX:! YPl! CA! R<
V[7Y[:!<ZV7UQTK7!
!
J))")/)*2%/=JH@/

A(2+#+(2+($!-0&#1+!$<$+-$-!%(2%60$+2!-%)(%/%60($13!*%)*+5!+55.5!50$+!
%(!$*+!?0-+1%(+!6.(2%$%.(!JF!o!7UP:!EL!o!7Z[K!$*0(!4%$*!;<=#059-!
JF!o!7Q[:!EL!o!7QXd!2UU!o!<V7\W:!+!u!7QZ!<!$4.<$0%1+2K7!8*+!&0)(%$,2+!
./!$*+!2%//+5+(6+-!%(!$*+!&+0(-!J7UQK!40-!0)0%(:!>+53!105)+!ŋG!o7WQ7!
M.5!&%(%&,&!#.%($!2+$+6$%.(:!$*+5+/.5+:!#05$%6%#0($-!%(!$*+!;<=#059!
6.(2%$%.(!/1%69+2!/+4+5!$%&+-!0(2!6.&#1+$+2!$*+!$0-9-!/0-$+5!4%$*!
/+4+5!+55.5-!$*0(!$*+!#05$%6%#0($-!%(!$*+!?0-+1%(+!6.(2%$%.(7!

\RTRW! 7)S$.-.!H0$3*!Y&*&8*$03!

H%&+"#&%/2'0%/=HB@/

=%&%105!$.!&%(%&,&!2+$+6$%.(:!$*+!&+0(!h8!/.5!#05$%6%#0($-!4%$*!
;<=#059-!/.5!&0@%&,&!2+$+6$%.(:!40-!-*.5$+5!JF!o!ZXPVV&-:!EL!
o![QQP7YZK!$*0(!$*+!?0-+1%(+!JF!o!UX[V[&-:!EL!o!XY[Qd!2UU!o!<V7Z[:!
+!u!7QZd!$4.<$0%1+2K7!8*+!&0)(%$,2+!./!$*+!2%//+5+(6+-!%(!$*+!&+0(-!
JYXUY&-K!40-!105)+:!ŋG!o7VZ7!
/

I.'!N'#(/

L)0%(:!0(01.).,-!$.!$*+!&%(%&,&!2+$+6$%.(:!#05$%6%#0($-!%(!$*+!;<
=#059-!6.(2%$%.(! /1%69+2! /+4+5! $%&+-! JF!o!UQ! /1%69-:!EL!o!\7UWK!
6.&#05+2!$.!#05$%6%#0($-!%(!$*+!?0-+1%(+!JF!o!W[!/1%69-:!EL!o!ZW7UWd!
2Z[7VV! o! <P7[[:! +! u! 7QQZd! $4.<$0%1+2K7! 8*+! &0)(%$,2+! ./! $*+!
2%//+5+(6+-!%(!$*+!&+0(-!JU[K!40-!>+53!01-.!105)+!ŋG!o7PY7!
!
J))")/)*2%/=JH@/

B+!.?-+5>+2!0!*%)*+5!+55.5!50$+!%(!$*+!?0-+1%(+!6.(2%$%.(!JF!o!7UX:!
EL!o!7ZQK!$*0(!4%$*!;<=#059-!6.(2%$%.(!JF!o7Q[:!EL!o!7Q[d!2UU!o!<
7[7V:!+!u!7QQZd!$4.<$0%1+2K7!M,5$*+5:!$*+!&0)(%$,2+!./!$*+!2%//+5+(6+-!
%(!$*+!&+0(-!J7UZK!40-!>+53!105)+!ŋG!o!7[P7!"(6+!0)0%(:!#05$%6%#0($-!
%(! $*+!;<=#059-!6.(2%$%.(!/1%69+2!/+4+5! $%&+-!0(2!6.&#1+$+2! $*+!
$0-9-!/0-$+5!4%$*!/+4+5!+55.5-!$*0(!$*+!#05$%6%#0($-!%(!$*+!?0-+1%(+7!

\RTRT! 1#0C&!L'*$.)*$03!

H%&+"#&%/2'0%/=HB@/

C.(-%-$+($! 4%$*! $*+! 5+-,1$-! ./! &%(%&,&! 0(2! &0@%&,&! #.%($-!
2+$+6$%.(:! $*+! &+0(! h8! /.5! $*+! #05$%6%#0($-! %(! $*+! ;<=#059-!
6.(2%$%.(!40-!-*.5$+5!JF!o!Z\UZU&-:!EL!o![QWYK!$*0(!$*+!&+0(!
h8!/.5!$*+!?0-+1%(+!6.,($+5#05$-!JF!o!U[YYX&-:!EL!o![PXUd!2UU!o!<
V7\Y:!+!u!7QZd!$4.<$0%1+2K7!8*+!.?-+5>+2!&+0(!2%//+5+(6+!40-!105)+!
JŋG!o7WQK!JY\X[&-K7!

J)5#&!UO!7&)3'!A0?!.$3_.)S!F&*&8*$03!)3F!'*&&C&?!'#0C&!F&*&8*$03!
A0?!961C)?/!)3F!5)'&#$3&!803F$*$03'!03!?&'C03'&!*$.&E!A#$8/$3DE!)3F!
&??0?!?)*&'R!403F$*$03!&AA&8*'!:&?&!'$D3$A$8)3*!:$*(!#)?D&!&AA&8*!'$P&'!
across all the tasks (ps < .05; ŋ2≥ .17).!

! h8!J&-K! M1%69-! g55.5!h0$+!

! B, 9, ;! 9, B, 9,

`%(!! ZX:WQ\! U\:WVU! ZY7UU! WW7VQ! Q7Q[! Q7UP!
`0@! ZX:PVV! UX:[V[! UQ7QU! W[7ZU! Q7Q[! Q7UX!
=1.#+! Z\:UZU! U[:YYX! ZV7QV! VU7YP! Q7Q\! Q7VU!

/

I.'!N'#(/

S05$%6%#0($-!%(!$*+!;<=#059-!6.(2%$%.(!/1%69+2!/+4+5!$%&+-!JF!o!ZV!
/1%69-:! EL! o! WK! 6.&#05+2! $.! $*+! #05$%6%#0($-! %(! $*+! ?0-+1%(+!
6.(2%$%.(!JF!o!VU!/1%69-:!EL!o!Pd!2UU!o!<Y7ZY:!+!u!7QQZd!$4.<$0%1+2K7!
8*+!&0)(%$,2+!./!$*+!2%//+5+(6+-!%(!$*+!&+0(-!JZY!/1%69-K!40-!>+53!
105)+!ŋG!o7\Y7!
!



J))")/)*2%/=JH@/

M.5!$*+!-$++#+5!-1.#+!2+$+6$%.(!0-!4+11:!$*+!gh!40-!*%)*+5!/.5!$*+!
?0-+1%(+!6.(2%$%.(!JF!o!7VU:!EL!o!7ZWK!$*0(!/.5!;<=#059-!JF!o!7Q\:!
EL!o!7QPd!2UU!o!<P7XU:!+!u!7QQZ!<!$4.<$0%1+2K7!M,5$*+5:!$*+!&0)(%$,2+!
./!$*+!2%//+5+(6+-!%(!$*+!&+0(-!J7UPK!40-!105)+!ŋG!o!7[Z7!

\RTR\! b&$D(*!F$AA&?&38&!IF&3*$A$8)*$03!

H%&+"#&%/2'0%/=HB@/

8*+5+!40-!0!-%)(%/%60($!%($+506$%.(!+//+6$!?+$4++(!*+%)*$!2%//+5+(6+!
0(2!6.(2%$%.(:!IW:ZY!o!Y7Z\:!+!u!7QQZ:!4%$*!0!105)+!+//+6$d!ŋG!o!7[[7!
B+! $*,-! %(>+-$%)0$+2! $*+! -%&#1+! +//+6$-! ./! *+%)*$! 2%//+5+(6+! /.5!
+06*! 6.(2%$%.(7! M.5! ;<=#059-:! participants’ RT was the longest 

4*+(!$*+5+!40-!(.!*+%)*$!2%//+5+(6+!JF!o!UUVXZ&-:!EL!o!WXP\K!.5!
4*+(! $*+5+! 40-! /.,5! J%7+7:! &0@%&,&K! ,(%$! 2%//+5+(6+-! JF! o!
ZYPP[&-:! EL! o! P\YV:! +&/ u! .05). Participants’ RT were equally 

-*.5$+5!4*+(!$*+!,(%$!2%//+5+(6+-!4+5+!.(+:!$4.:!.5!$*5++7!M.5!$*+!
baseline condition as well, participants’ RTs were the longest when 

$*+5+!40-!(.!2%//+5+(6+!JF!o!VPZQZ&-:!EL!o!P\QWK:!/.11.4+2!?3!
$*+!W!,(%$:!&0@%&,&!2%//+5+(6+!JF!o!UYUWV&-:!EL!o![UWVK7!L)0%(:!
participants’ RT 40-!-*.5$+5!4*+(!$*+!,(%$!2%//+5+(6+-!4+5+!Z:!U:!.5!
3. Further and importantly, participants’ mean RT was consistently

-*.5$+5!%(!$*+!;<=#059!6.(2%$%.(!J+&!u!7QQPK7!!!
/

I.'!N'#(/

L! &%@+2! ?+$4++(<4%$*%(! -,?H+6$-! 0(013-%-! ./! >05%0(6+! 40-!
6.(2,6$+2!$.!0--+--!$*+!%&#06$!./!2%//+5+($!$3#+-!./!)50#*-!J?0-+1%(+!
>-7! ;<Spark) on participants’ flicking frequency, across five

2%//+5+($! *+%)*$! 2%//+5+(6+! 1+>+1-! JQ:Z:U:V:WK7! M%5-$:! 4+! /.,(2! 0(!
%($+506$%.(!+//+6$!?+$4++(!$*+!#5+-+($0$%.(!6.(2%$%.(!0(2!$*+!*+%)*$!
2%//+5+(6+:!IW:ZY!o!V7ZQ:!+!u!7QP:!4%$*!0!105)+!+//+6$:!ŋG!o!WQ7!i+@$:!
4+! %(>+-$%)0$+2! $*+! -%&#1+! +//+6$-! ./! *+%)*$! 2%//+5+(6+! 1+>+1! /.5!
+06*! 6.(2%$%.(7! 8*+5+! 40-! (.! *+%)*$! 2%//+5+(6+! +//+6$! %(! $*+! ;<
=#059-! 6.(2%$%.(:! %(2%60$%()! $*+! /1%69%()! /5+G,+(63! 2%2! (.$! >053!
?0-+2!.(!$*+!*+%)*$!2%//+5+(6+-!4%$*!$*+!;<=#059-!6.(2%$%.(!J+&!t!
7QP). For the baseline condition, however, participants’ mean

/1%69%()! /5+G,+(6%+-! 40-! $*+! *%)*+-$! 4*+(! $*+5+! 40-! (.! *+%)*$!
2%//+5+(6+! JF! o! VY! /1%69-:! EL! o! [7YQK! .5! 4*+(! $*+5+! 40-! W!
,(%$k&0@%&,&! 2%//+5+(6+! JF! o! V[7UQ:! EL! = 6.89). Participants’

/1%69%()!/5+G,+(6%+-!4+5+!$*+!1.4+-$!4*+(!$*+!,(%$!2%//+5+(6+-!4+5+!
Z:!U:!.5!V7!M,5$*+5!0(2!,(2+5-$0(20?13:!/.5!+06*!*+%)*$!2%//+5+(6+:!
;<=#059-!6.(-$0($13!+@*%?%$+2!0!-&011+5!/1%69%()!/5+G,+(63!JF!o!ZV!
/1%69-:!EL!o!W7W[K!$*0(!$*+!?0-+1%(+!JF!o!VV!/1%69-:!EL!o!P7WWd!IZ:!
UU!o!Z[W7X\:!+!u!7QQZK:!4%$*!0!>+53!105)+!+//+6$!ŋG!o!7XX7!
!
J))")/)*2%/=JH@/

We investigated the main effect of condition. Participants’ mean

gh! 40-! *%)*+5! %(! $*+! ?0-+1%(+! 6.(2%$%.(! JF! o! 7PU:! EL! o! UQK!
6.&#05+2! $.! $*+!;<=#059-!6.(2%$%.(!JF!o! 7PU:!EL!o!7Z\d!IZ:!UU!o!
ZY7VP:! +! u! 7QQZK:! 4%$*! 0! >+53! 105)+! +//+6$! ŋG! o! 7W\7! M.5! ?.$*!
6.(2%$%.(-:!4*+(!$*+!*+%)*$!2%//+5+(6+!2%2!(.$!+@%-$!J%7+7:!QK!.5!.(+:!
gh!40-!-&011+5!J+&/u!7QPK:!?,$!0-!$*+!*+%)*$!2%//+5+(6+!%(65+0-+2:!
$*+!gh!01-.!%(65+0-+27!8*+5+!40-!(.!-%)(%/%60($!%($+506$%.(!+//+6$!
J+!t!7QPK7!

R! ,)$'-$$)+*!

L-!+@#+6$+2:!5+10$%>+!$.!'+5.<6.&#5+--+2!)50#*-:!;<=#059-!1+2!$.!
?+$$+5! .>+5011! .,$6.&+-7! C.&#05+2! $.! $*+! ?0-+1%(+! )50#*-:! ;<
=#059-!3%+12+2!-*.5$+5!5+-#.(-+!$%&+-:!4%$*!/+4+5!/1%69!.#+50$%.(-7!
M,5$*+5:!.>+5011! +55.5!50$+!40-! 1.4+5!4%$*!;<=#059-!6.&#05+2! $.!
$*+!?0-+1%(+7!L1$.)+$*+5:!$*+-+!5+-,1$-!%(2%60$+!$*0$!;<=#059:!0!1%(+!
)50#*!$.!#5+-+($!+06*!-0&#1+!#.%($! %(!.(+!#%@+1:!*0-!#.$+($%01!/.5!
2%-#103%()!1%(+!)50#*-!.(!-&011!2%-#103-7!

! !
M$D-?&! cO! 961C)?/! )CC#$8)*$03'R! )V! "FF$3D! .0?&! F&*)$#'! )3F!
$3A0?.)*$03E!5V!-'$3D!961C)?/'!A0?!.0?&!80.C#&S!#$3&!D?)C('!$3!?0-3F!
A)8&F! '.)?*:)*8(&'E! )3F! 8V! 8)3! 5&! &.5&FF&F! $3! F$AA&?&3*!
)CC#$8)*$03'E!(&#C$3D!-'&?'!:$*(!F&8$'$036.)/$3D!*)'/'R!!

!

B+! ,-+2! $*+! &.-$! /,(20&+($01! $0-9-! 5+10$+2! $.! 5+02%()! 0(2!
,(2+5-$0(2%()! 1%(+!)50#*-:! 5+#5+-+($%()!*+05$! 50$+!20$0:!0-!.(+!./!
$*+! 6.&&.(! $%&+<-+5%+-! 20$0! 6.11+6$+2! ?3! -&05$40$6*+-! -+(-.5-7!
=%(6+! 011! $%&+<-+5%+-! 20$0! 05+! -%&%105! $.! +06*! .$*+5! 0(2! 60(! ?+!
5+#5+-+($+2! ?3! 1%(+! )50#*-:! $*+! 5+-,1$! ./! $*%-! -$,23! 60(! ?+!
)+(+501%'+2! $.! .$*+5! $%&+<-+5%+-! 20$07! M.5! %(-$0(6+:! 0! -%&%105!
0##5.06*! 60(! ?+! ,-+2! /.5! 5+#5+-+($%()! ?,5(+2! 601.5%+:! 4019%()!
-#++2:!)01>0(%6!-9%(! 5+-#.(-+:!0(2!?.23! $+&#+50$,5+!./! $*+!,-+5:!
/.5!0!-#+6%/%6!#+5%.27!!

R3(! &B=>?:!$>8897O!

B+!,-+2!0!*%)*13!0))5+--%>+!6.&#5+--%.(!-$31+:!4*+5+!+06*!#%@+1!
5+#5+-+($-!.(+! -0&#1+!#.%($! %(! $*+!20$07!B+! 5+/+55+2! $.! $*%-! 1%(+!
)50#*! 0-! ;<=#059-7! ",5! 5+-,1$-! #.%($! 0$! 6.(2+(-%()! 1%(+! )50#*-!
01.()! $*+! 43*4'&! 0-! $*+-+! 1+02! $.! /+4+5! +55.5-! 0(2! &%(%&01!
%($+506$%>%$37!L1$.)+$*+5:!.,5!5+-,1$-!%(2%60$+!$*0$!43*4'&!6.&#5+--+2!
1%(+! )50#*-! .//+5! 5.?,-$! )50#*%601! H,2)+&+($-! .(! -&05$40$6*!
2%-#103-7! A$! %-!4.5$*!&+($%.(%()! $*0$! /+4+5! /1%69-! 60(!?+!9+3! /.5!
-&05$40$6*!+@#+5%+(6+-!!RW\T7!

R3.! &B?9:;64!:6!$D97M?;4B=!

B+!25+4!%(-#%50$%.(!/5.&!=#0591%(+-!RWXT!0!&+$*.2!/.5!6.&#06$%()!
0!1%(+!)50#*!4%$*%(!4.52-!%(!0!2.6,&+($7!A($+5+-$%()13:!=#0591%(+-!
6.&#5+--+-!)50#*-!.(!$*+!-3*4'&!$.!&09+!$*+!)50#*!/%$!0-!0!4.52!%(!
0! $+@$! #0--0)+7!8*%-!&03! %(2++2! (.$! -+>+5+13! 0//+6$! )1.?01! $5+(2!
,(2+5-$0(2%()7!O.4+>+5:!/.5!-#+6%/%6!-%'+!H,2)&+($-:!4+!/%(2!$*0$!
43*4'&!0(2!+>+(!4-3*4'&!6.&#5+--%.(-!05+!?+-$!-,%$+2!/.5!)10(6+0?1+!
$0-9-7! ! =,6*! 0! 6.&#5+--%.(! 65+0$+-! -#06+! $.! %(61,2+! 022%$%.(01!
2+$0%1-! .(! $*+! 40$6*! 2%-#1037! L1$*.,)*! =#0591%(+-! 05+! ,-+/,1! %(!
>05%.,-!0##1%60$%.(-:!4+!2+&.(-$50$+2!$*0$!0(!43*4'&!6.&#5+--%.(:!
.5!;<=#059-:!%-!?+$$+5!-,%$+2!/.5!/,(20&+($01!)10(60?1+!$0-9-!5+10$+2!
$.!5+02%()!0(2!,(2+5-$0(2%()!1%(+!)50#*-!.(!-&05$40$6*+-7!

R3G! ,B=;P4!&BA688B4N9:;64=!

B+!.//+5!$*+!/.11.4%()!2+-%)(!5+6.&&+(20$%.(-N!

·! C.&#5+--%()! 1%(+! )50#*-! 01.()! $*+! 43*4'&! 4%11! /06%1%$0$+!

)10(6+0?1+!.#+50$%.(-!0(2!5+2,6+!/1%69%()!.(!-&05$40$6*+-d!

·! ;<=#059-:!0!1%(+!)50#*!6.&#5+--+2!$.!$*+!#.%($!./!%(61,2%()!

.(+! -0&#1+! #.%($! #+5! #%@+1! 011.4-! 0! -$5.()! 2+)5++! ./!

)10(6+0?%1%$3d!

·! ;<=#059-! %-! 4+11! 0##1%60?1+! $.! 20$0! 6.11+6$+2! /5.&! /%@+2!

-0&#1+!50$+-!/.5!+//%6%+($!)50#*!%($+506$%.(7!!

R3J! "DD?;A9:;64=!

j05%.,-!0##1%60$%.(-!60(!?+(+/%$! /5.&!2+-%)(-!-,6*!0-!;<=#059-7!
M.5! +@0&#1+:! ;<=#059-! 60(! ?+! 6.&?%(+2! 4%$*! .$*+5! 20$0!
>%-,01%'0$%.(-!$.!6.(>+3!022%$%.(01!%(-%)*$-!$.!$*+!,-+5-7!8*%-!60(!
#5.>%2+!>+53!2+(-+!0(2!6.&#06$! 5+#5+-+($0$%.(-! /.5!20$0! -,6*!0-!
*+05$!50$+:!-1++#!G,01%$3:!0(2!?5+0$*%()!#0$$+5(-!011!$.)+$*+5!.(!$*+!
-&011!-&05$40$6*!2%-#103!JM%),5+!Y:!0K7!A(!&.5+!6.&#1+@!-6+(05%.-:!



;<=#059-!60(!01-.!5+#5+-+($!$*+!+1+>0$%.(!./!0!-+1+6$+2!5.,$+!%(!0!
&0#:!/5.&!$*+!?+)%((%()!#.%($!$.!$*+!+(2%()!#.%($!JM%),5+!Y:!6K7!L-!
-,6*:!0!H.))+5!&03!&09+!2+6%-%.(-!0?.,$!$*+%5!-#++2!066.52%()!$.!
$*+! >%-%?1+! +1+>0$%.(7! M,5$*+5&.5+:! $+&#+50$,5+! 0(2! #5+6%#%$0$%.(!
#0$$+5(-!60(!01-.!?+!022+2!$.!*+1#!,-+5-!&09+!-,%$0?1+!2+6%-%.(-7!
It’s also possible to use G<=#059-!%(!5.,(2!40$6*!/06+-!J/%),5+!Y:!?K!
4%$*!&.5+!6.&#1+@!1%(+!)50#*-!-,6*!0-!*.5%'.(!)50#*-!0(2!-$069!
)50#*-7!
B*%1+!4+!+>01,0$+2!.,5!0##5.06*!.(!0!5+6$0(),105!2%-#103:!4+!

?+1%+>+! $*+3! 01-.! 0##13! $.! 6%56,105! -65++(-! J-++! 0?.>+K7! A(! -,6*!
cases, the line graphs can be confined to ‘tight’!#.-%$%.(-:!-,6*!0-!
0$!$*+!?.$$.&!.5!$.#!./!$*+!-65++(7!M,5$*+5&.5+:!.,5!5+-,1$-!60(!?+!
6.&?%(+2!4%$*!.$*+5!0##5.06*+-:!-,6*!0-!O.5%'.(!)50#*-!$.!/,5$*+5!
6.(2+(-+!.,5!5+#5+-+($0$%.(-!01.()!$*+!-3*4'&!%(!60-+!./!%(61,2%()!
022%$%.(01!20$07!

R3Q! 0;8;:9:;64=!

"(+!1%&%$0$%.(!6.(6+5(-!.,5!/.6,-!.(!>01,+-!5+02!/5.&!$*+!-3*4'&!
?,$! (.$! $*+! 43*4'&:! 4*%6*! 5+#5+-+($-! $*+! $+&#.501! 0-#+6$! %(! 1%(+!
)50#*-7!8.!+@#1.5+!$*+!)+(+501%'0?%1%$3!./!.,5!5+-,1$-:!/,$,5+!4.59!
%-!(++2+27!M,$,5+!4.59!%-!01-.!(+6+--053!$.!1..9!0$!.$*+5!#+56+#$,01!
$0-9-7! C.55+-#.(2%()13:! $*+! )+(+501%'0?%1%$3! ./! $*+! 5+-,1$-! .(!
2%//+5+($! -&05$40$6*! 2%-#103-:! -,6*! 0-! $*.-+! $*0$! 05+! 6%56,105:! %-!
,(9(.4(7! M,5$*+5&.5+:! 4*+(! 6.(2+(-%()! 0! 1%(+! )50#*:!
%($+506$%>%$3:! -,6*! 0-! -+1+6$%()! 0! -#+6%/%6! #.%($! %-! 6*011+()%()7!
M,$,5+!4.59!4%11!01-.!%(>+-$%)0$+!-,%$0?1+!%($+506$%.(-!/.5!;<=#059-7!

T! '+*'0-$)+*!

B+!%(>+-$%)0$+2!&+$*.2-!$.!6.(2+(-+!1%(+!)50#*-!.(!-&05$40$6*+-:!
4*%1+! &0%($0%(%()! $*+! >%-%?%1%$3! 2,5%()! 5+10$%>+13! -4%/$! )50#*!
5+02%()!06$%>%$37!A(-#%5+2!?3!=#0591%(+-!RWXT:!.,5!/%5-$!-$,23!/.6,-+2!
.(! 6.&#05%()! $*+! ?+(+/%$-! ./! $*5++! 2%//+5+($!>"0+)%&&'"#/B-+%&!
J%7+7:! 43*4'&:! -3*4'&:! 0(2! 4-3*4%&! 6.&#5+--%.(K! 4%$*! -%&#1+! 1%(+!
-+)&+($-7!B+!5+#+0$+213!/.,(2!$*0$!6.&#5+--%()!0! 1%(+!)50#*!.(!
$*+!43*4'&!3%+12-!&.5+!066,50$+!0(2! /0-$+5! 5+-#.(-+:!6.&#05+2! $.!
$*+!-3*4'&! 0(2!4-3*4'&! 6.&#5+--%.(7!`.5+.>+5:!+>+(!4*+(! $*+!4<
0@%-! 6.&#5+--%.(! 40-! 6.&#05+2! 0)0%(-$! $*+! ?0-+1%(+:! 4<0@%-!
6.&#5+--%.(! )+(+50$+2! &.5+! /0>.,50?1+! .,$6.&+-7! 8*0$! %-:!
-.&+4*0$! ,(+@#+6$+213:! 6.&#5+--+2! )50#*-! $5%))+5+2! &.5+!
066,50$+! 0(2! /0-$+5! 5+-#.(-+-! $*0(! ,(6.&#5+--+2! )50#*-7! B+!
/%(0113!%($5.2,6+!;<=#059-:!0!2+(-+!6.&#5+--%.(!./!1%(+!)50#*-!./!
,#!$.!.(+!#%@+1!#+5!-0&#1+!#.%($!01.()!$*+!43*4'&7!A(!0!-+6.(2!-$,23!
4+! /%(2! $*0$! 6.&#5+--%()! 1%(+! )50#*-! .(! $*+! 4<0@%-! 3%+12-! ?+$$+5!
#+5/.5&0(6+-! J%7+7:! /+4+5! +55.5-! 0(2! /0-$+5! 5+-#.(-+! $%&+K! 4*+(!
,-+5-!#+5/.5&+2!)10(6+0?1+!+-$%&0$%.(!$0-9-:!4*+(!6.&#05+2!$.!0!
(.(<6.&#5+--+2!1%(+!)50#*7!B+!.//+5!2+-%)(!5+6.&&+(20$%.(-!$.!
-&05$40$6*! 0##1%60$%.(! 2+-%)(+5-! 0(2! #5.#.-+! 403-! $.! %($+)50$+!
-,6*!6.&#5+--+2!)50#*-!%(!-&05$40$6*!0##1%60$%.(-7!

"'2*+10/,CH/*%$!

B+! 069(.41+2)+! /,(2%()! /5.&! i=ghC! 0(2! $*+! ChC! #5.)50&!
04052+2! $.! $*+! 10-$! 0,$*.57! 8*%-! 4.59! %-! 01-.! -,##.5$+2! ?3! $*+!
M5+(6*! i0$%.(01! h+-+056*! L-+(63! JSghMAi! #5.H+6$:! Lih<ZX<
CgVV<QQQYK!0(2!?3!$*+!Cih=!JSAC=!(vQ\[VPK7!!

&/U/&/*'/$!

RZT! `,*0&&02!L2(0(:!̀ %9+!b,-$:!0(2!_3((+!D0%11%+7!UQZ[7!A(>+-$%)0$%()!
8%&+! =+5%+-! j%-,01%-0$%.(-! $.! A&#5.>+! $*+! I-+5! g@#+5%+(6+7!
P)"!%%$'#(&/ "5/ 2,%/ GQRS/ >CK/ >"#5%)%#!%/ "#/ C10*#/ I*!2")&/ '#/
>"0+12'#(/ E-&2%0&/ 3/ CHI ’16N! PWWW–PWPP7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkUXPXQV[7UXPXVQQ!

RUT! h++&!L1?0)*1%!0(2!q+((+$*!`!L(2+5-.(7!UQZ[7!L!j%-%.(!/.5!O+05$!
h0$+! O+01$*! 8*5.,)*! B+050?1+-7! P)"!%%$'#(&/ "5/ 2,%/ GQRS/ T>F/
K#2%)#*2'"#*./ U"'#2/ >"#5%)%#!%/ "#/ P%)6*&'6%/ *#$/ V;'O1'2"1&/

>"0+12'#(D/ T$W1#!2N! ZZQZ–ZZQP7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkUY[XUZY7UY\U\ZP!

RVT! M+5+-*$+*! L&%(%:! q*0102! O0-0(:! L(25+0! D,($:! 0(2! S.,50()! A50(%7!
UQZ\7! f0$0! h+#5+-+($0$%.(-! /.5! A(<-%$,! g@#1.50$%.(! ./! O+01$*! 0(2!
M%$(+--!f0$07!A(!P)"!%%$'#(&/"5/2,%/RR2,/JTK/K#2%)#*2'"#*./>"#5%)%#!%/
"#/ P%)6*&'6%/ >"0+12'#(/ B%!,#"."('%&/ 5")/ C%*.2,!*)%!
(PervasiveHealth ’17), 163–Z\U7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkVZPWX[U7VZPWX\Y!

RWT! j%>%+(!D+0$$%+:!̀ %6*0+1!b.*(!b.(+-:!0(2!̀ %6*0+1!b.*(!D+0$$%+:!j%>%+(!
0(2! b.(+-7! UQQU7! 8*+! A&#06$! ./! ;50#*! =1.#+! .(! h0$+! ./! C*0()+!
b,2)&+($-! %(! C.5#.50$+! h+#.5$-7! T;*!1&! VX:! UN! Z\\–ZYY7!
*$$#-Nkk2.%7.5)kZQ7ZZZZkZW[\<[UXZ7QQZQW!

RPT! 80(H0!D10-6*+69:!_.((%!D+-0(w.(:!L(0-$0-%0!D+'+5%0(.-:!D.()-*%(!
_++:!0(2!S+$50!A-+(?+5)7!UQZX7!;10(6+0?1+!j%-,01%'0$%.(N!=$,2%+-!./!
f0$0!C.&#05%-.(!S+5/.5&0(6+!.(!=&05$40$6*+-7!KJJJ/2)*#&*!2'"#&/
"#/6'&1*.'7*2'"#/*#$/!"0+12%)/()*+,'!&7!

R[T! f0(%+11+! D50)):! =*%5%! L'+(9.$:! 0(2! L20&! 80,&0(! q010%7! UQZ[7!
h+02%()!0(2!_+05(%()!=&05$/.($-7!A(!P)"!%%$'#(&/"5/2,%/GX2,/T##1*./
E-0+"&'10/"#/V&%)/K#2%)5*!%/E"528*)%/*#$/B%!,#"."(-!(UIST ’16), 
VYZ–WQU7!*$$#-Nkk2.%7.5)kZQ7ZZWPkUYXWPZZ7UYXWPPW!

R\T! "!2+!D5,%H(:!h!=#+(6+:!0(2!`!n!C*.()7!UQQU7!h=jS!D5.4-+5N!B+?!
D5.4-%()! .(! =&011! =65++(! f+>%6+-7! P%)&"#*./ *#$/ V;'O1'2"1&/
>"0+12'#(![:!WN!UWP–UPU7!*$$#-Nkk2.%7.5)kZQ7ZQQ\k-QQ\\YQUQQQUW!

RXT! `05%0!D+0$5%'!C05&.:!L(0!S0,10!L/.(-.:!0(2!S0,1.!S.&?%(*.!̀ 0$.-7!
UQQ\7!j%-,01%'0$%.(!./!;+.)50#*%6!x,+53!h+-,1$-! /.5!=&011!=65++(!
f+>%6+-7!A(!P)"!%%$'#(&/"5/2,%/Y2,/T>F/Z")N&,"+/"#/[%"()*+,'!*./
K#5")0*2'"#/ H%2)'%6*.! (GIR ’07), 63–[W7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkZVZ[YWX7ZVZ[Y[P!

RYT! _!C%0?0$$.(%:!M!M+5506,$%:!=!_.()*%:!_!S+#0:!_!h.&+.:!0(2!M!j+52%(%7!
UQZ\7!h+01<$%&+!&+($01!-$5+--!2+$+6$%.(!?0-+2!.(!-&05$40$6*7!A(!GQR\/
KJJJ/ K#2%)#*2'"#*./ >"#5%)%#!%/ "#/ >"#&10%)/ J.%!2)"#'!&/ =K>>J@:!
ZZQ–ZZZ7!*$$#-Nkk2.%7.5)kZQ7ZZQYkACCg7UQZ\7\XXYUW\!

RZQT! B%11%0&!=7!C1+>+10(2!0(2!h.?+5$!̀ 6;%117!ZYXW7!;50#*%601!S+56+#$%.(N!
8*+.53:! g@#+5%&+($0$%.(:! 0(2! L##1%60$%.(! $.! $*+! f+>+1.#&+($! ./!
;50#*%601!`+$*.2-7!U"1)#*./"5/2,%/T0%)'!*#/E2*2'&2'!*./T&&"!'*2'"#!
\Y:!VX\N!PVZ7!*$$#-Nkk2.%7.5)kZQ7UVQ\kUUXXWQQ!

RZZT! B%11%0&!=!C1+>+10(2:!h.?+5$!̀ 6;%11:!8!D+11!_0?.50$.5%+-:!0(2!̀ ,5503!
O%117! ZYX[7! L(! +@#+5%&+($! %(! )50#*%601! #+56+#$%.(7! K#2%)#*2'"#*./
U"1)#*./ "5/ F*#3F*!,'#%/ E21$'%&! UP:! PN! WYZ–PQQ7!
*$$#-Nkk2.%7.5)k*$$#-Nkk2.%7.5)kZQ7ZQZ[k=QQUQ<\V\VJX[KXQQZY<Q!

RZUT! b06.?! C.*+(7! ZYXX7! =$0$%-$%601! #.4+5! 0(013-%-! /.5! $*+! ?+*0>%.501!
-6%+(6+-7!!

RZVT! B01$+5!C5.-?3!0(2!B01$+5!C5.-?3!g+11-7!UQZ\7!8*+!h+10$%>+!`+5%$-!./!
C%561+-!0(2!D05-!/.5!h+#5+-+($%()!C.&#.(+($!S05$-!b"IhiL_!"M!
8Og!L`ghACLi7!U"1)#*./"5/ 2,%/T0%)'!*#/E2*2'&2'!*./T&&"!'*2'"#!
UZ:!ZPWN!ZZY–ZVU7!*$$#-Nkk2.%7.5)kZQ7ZQXQkQZ[UZWPY7ZYU[7ZQPQUZ[P!

RZWT! M5+2+5%69!g!7!C5.@$.(!0(2!O05.12!=$+%(7!UQZ\7!;50#*%6!C.&#05%-.(-!
?3! D05-! :! =G,05+-! :! C%561+-! :! 0(2!C,?+-7! U"1)#*./ "5/ 2,%/ T0%)'!*#/
E2*2'&2'!*./ T&&"!'*2'"#/ ]/ ^"./ _/ G\/ ]/ `"/ _/ R\\/ =/F*)/ _]/ RXaG/ @]/ ++/ _/

Published by : Taylor & Francis , Ltd . on behalf of the Americ*#/

E2*2'&2'!*./ T&! U\:! Z\\N! PW–[Q7!
*$$#-Nkk2.%7.5)kZQ7ZQXQkQZ[UZWPY7ZYVU7ZQPQVUU\!

RZPT! M5+2+5%69! g! C5.@$.(! 0(2! h.3! g! =$539+57! ZYU\7! D05! C*05$-! >+5-,-!
C%561+!f%0)50&-7!U"1)#*./"5/2,%/T0%)'!*#/E2*2'&2'!*./T&&"!'*2'"#!UU:!
Z[QN!W\V–WXU7!*$$#-Nkk2.%7.5)kZQ7ZQXQkQZ[UZWPY7ZYU\7ZQPQUY\[!

RZ[T! i%910-!g1&G>%-$:!8*0(*<i)*%!f.:!O.4052!;..2+11:!i0$*01%+!O+(53:!
0(2!b+0(<Daniel Fekete. 2008. ZAME : Interactive Large<=601+!;50#*!
j%-,01%'0$%.(7!^'&1*.'7*2'"#/E-0+"&'10]/GQQb_/PacificVIS’08. IEEE 

P*!'5'!N!UZP–UUU7!
RZ\T! i%910-! g1&G>%-$! 0(2! S.,50()! A50(%7! UQZV7! I?%G,%$.,-! 0(013$%6-N!

A($+506$%()!4%$*!?%)!20$0!0(34*+5+:!0(3$%&+7!>"0+12%)!W[:!WN!X[–XY7!
RZXT! S0.1.! M+2+5%6.:! =$+#*0(! O.//&0((:! L1+@0(2+5! h%(2:! B.1/)0()!

L%)(+5:! 0(2!=%1>%0!`%9-6*7! UQZW7!x,01%'.(!;50#*-N!=#06+<+//%6%+($!
8%&+<-+5%+-!j%-,01%'0$%.(!4%$*!x,01%$0$%>+!L?-$506$%.(-7!P)"!%%$'#(&/
"5/ 2,%/GQRY/ K#2%)#*2'"#*./Z")N'#(/>"#5%)%#!%/"#/T$6*#!%$/^'&1*./

K#2%)5*!%&N!U\V–UXQ7!*$$#-Nkk2.%7.5)kZQ7ZZWPkUPYXZPV7UPYXZ\U!
RZYT! b+0(<f0(%+1! b<f! M+9+$+! 0(2! C0$*+5%(+! S10%-0($7! UQQU7! A($+506$%>+!

%(/.5&0$%.(! >%-,01%'0$%.(! ./! 0! &%11%.(! %$+&-7! A(! K#5")0*2'"#/
^'&1*.'7*2'"#]/GQQG_/K`Ic^KE/GQQG_/KJJJ/E-0+"&'10/"#!JA($+506$%>+!
8+6*(.1.)%+-K:! U\Y–UX[7!
*$$#-Nkk2.%7.5)k*$$#-Nkk2.%7.5)kZQ7ZQZ[kDY\X<ZPPX[QYZP<QkPQQVW<U!

RUQT! 809<6*,()!M,:!M,<10%!C*,():!q0<30(!q4.9:!0(2!C*09<&0(!i)7!UQQX7!



=$.69! $%&+! -+5%+-! >%-,01%'0$%.(! ?0-+2! .(! 20$0! #.%($! %&#.5$0(6+7!
J#('#%%)'#(/T++.'!*2'"#&/"5/T)2'5'!'*./K#2%..'(%#!%!UZ:!XN!ZUZ\–ZUVU7!

RUZT! `%6*0+1!M,197!UQQZ7!A&#5.>%()!B+?!D5.4-%()!.(!O0(2*+12!f+>%6+-7!
A(! CHI ’01 Extended Abstracts on Human Factors in Computing 
E-&2%0&! (CHI EA ’01), 395–VY[7!
*$$#-Nkk2.%7.5)kZQ7ZZWPk[VWQ[\7[VWVQQ!

RUUT! hy?+(!;.,>+%0:!g>0()+1.-!q050#0(.-:!0(2!`056!O0--+('0*17!UQZX7!
L6$%>%$3!85069%()!%(!>%>.7!A(!P)"!%%$'#(&/"5/2,%/GQRb/>CK/>"#5%)%#!%/
"#/C10*#/I*!2")&/'#/>"0+12'#(/E-&2%0&:!V[U7!

RUVT! B+%!;,.!0(2!b%()$0.!B0()7!UQZ\7!=&05$h=jSN!M06%1%$0$%()!L$$+($%>+!
=#++2!h+02%()!.(!=&011!=65++(!B+050?1+!f+>%6+-7!A(!P)"!%%$'#(&/"5/
2,%/GQR\/>CK/>"#5%)%#!%/J42%#$%$/T;&2)*!2&/"#/C10*#/I*!2")&/'#/

>"0+12'#(/ E-&2%0&! (CHI EA ’17), 1640–Z[W\7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkVQU\Q[V7VQPVZ\[!

RUWT! =+0(!;,-$0/-.(:!S0$5%69!D0,2%-6*:!C051!;,$4%(:!0(2!S.,50()! A50(%7!
UQQX7! B+2)+N! 61,$$+5</5++! >%-,01%'0$%.(! ./! .//<-65++(! 1.60$%.(-7! A(!
P)"!%%$'#(&/ "5/ 2,%/ EK[>CK/ >"#5%)%#!%/ "#/ C10*#/ I*!2")&/ '#/

>"0+12'#(/E-&2%0&:!\X\–\Y[7!
RUPT! =+0(! ;! ;,-$0/-.(! 0(2! S.,50()! S! A50(%7! UQQ\7! C.&#05%()!

>%-,01%'0$%.(-! /.5! $5069%()! .//<-65++(! &.>%()! $05)+$-7! A(! CHI’07 

J42%#$%$/T;&2)*!2&/"#/C10*#/I*!2")&/'#/>"0+12'#(/E-&2%0&:!UVYY–

UWQW7!
RU[T! L1/5+2.! A! O+5(0(2+':! M+5(0(2.! `.50:! `! j%11+)0-:! ;%0(/50(6.!

S0--05%+11.:!0(2!;,3!C0550,1$7!UQQZ7!h+01<$%&+!gC;!$50(-&%--%.(!>%0!
A($+5(+$! /.5! (.(61%(%601! 0##1%60$%.(-7! KJJJ/ B)*#&*!2'"#&/ "#/
'#5")0*2'"#/2%!,#"."(-/'#/;'"0%$'!'#%!P:!VN!UPV–UP\7!

RU\T! f0(20(!O,0():!`+10(%+!8.53:!D.(!L25%+1!L-+(%+5.:! _3(!D05$50&:!
=6.$$! D0$+&0(:! =*++10)*! C05#+(201+:! L($*.(3! 80():! 0(2! h.?+5$!
B..2?,537!UQZP7!S+5-.(01!>%-,01%'0$%.(!0(2!#+5-.(01!>%-,01!0(013$%6-7!
KJJJ/B)*#&*!2'"#&/"#/^'&1*.'7*2'"#/*#$/>"0+12%)/[)*+,'!&!UZ:!VN!
WUQ–WVV7!*$$#-Nkk2.%7.5)kZQ7ZZQYk8jC;7UQZW7UVPYXX\!

RUXT! =$z#*0(+! O,.$! 0(2! g5%6! _+6.1%(+$7! UQQ\7! 8M.6,-{C.($+@$!
j%-,01%'0$%.(! 8+6*(%G,+-! /.5!f%-#103%()! _05)+! _%-$-!4%$*!`,1$%#1+!
S.%($-! ./! A($+5+-$! .(! =&011! 806$%1+! =65++(-7! A(! C10*#3>"0+12%)/
K#2%)*!2'"#/33/K`BJHT>B/GQQ\:!UZY–UVV7!

RUYT! B0G0-! b0>+2:! D530(! `6f.((+1:! 0(2! i%910-! g1&G>%-$7! UQZQ7!
;50#*%601!#+56+#$%.(!./!&,1$%#1+! $%&+!-+5%+-7! KJJJ/B)*#&*!2'"#&/"#/
^'&1*.'7*2'"#/ *#$/ >"0+12%)/ [)*+,'!&! Z[:! [N! YU\–YVW7!
*$$#-Nkk2.%7.5)kZQ7ZZQYk8jC;7UQZQ7Z[U!

RVQT! i%6*.10-! q.():! b+//5+3! O++5:! 0(2! `0(++-*! L)5040107! UQZQ7!
S+56+#$,01! ),%2+1%(+-! /.5! 65+0$%()! 5+6$0(),105! $5++&0#-7! KJJJ/
B)*#&*!2'"#&/"#/^'&1*.'7*2'"#/*#$/>"0+12%)/[)*+,'!&! Z[:![N! YYQ–
YYX7!*$$#-Nkk2.%7.5)kZQ7ZZQYk8jC;7UQZQ7ZX[!

RVZT! A0(!_%:!L(%(2!q!f+3:!0(2!b.2%!M.51%''%7!UQZZ7!I(2+5-$0(2%()!̀ 3!f0$0:!
`3-+1/N! =,##.5$%()! =+1/<5+/1+6$%.(! 4%$*! I?%6.&#! 8+6*(.1.)%+-7! A(!
P)"!%%$'#(&/ "5/ 2,%/ Ra2,/ K#2%)#*2'"#*./ >"#5%)%#!%/ "#/ V;'O1'2"1&/

>"0+12'#(! (UbiComp ’11), 405–WZW7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkUQVQZZU7UQVQZ[[!

RVUT! |%1,! _%0():! D+5(2! S1.2+5+5:! B0(3,! _%,:! n,9%9.! i0)0$0:! b0&+-!
D0%1+3:! _05-! q,1%9:! 0(2! n,@,0(! _%7! UQZ[7! =1++#g@#1.5+5N! 0!
>%-,01%'0$%.(! $..1! $.! &09+! -+(-+! ./! 6.55+10$%.(-! ?+$4++(! #+5-.(01!
-1++#! 20$0! 0(2! 6.($+@$,01! /06$.5-7! P%)&"#*./ *#$/ V;'O1'2"1&/
>"0+12'#(! UQ:! [N! YXP–ZQQQ7! *$$#-Nkk2.%7.5)kZQ7ZQQ\k-QQ\\Y<QZ[<
QY[Q<[!

RVVT! q+($!_3.(-:!f0>%2!i),3+(:!f0(%+1!L-*?5..9:!0(2!=+0(!B*%$+7!UQZU7!
M06+$N!L!`,1$%<-+)&+($!B5%-$!B.5(!=3-$+&7! A(!P)"!%%$'#(&/"5/ 2,%/
Gd2,/ T##1*./ T>F/ E-0+"&'10/ "#/ V&%)/ K#2%)5*!%/ E"528*)%/ *#$/
B%!,#"."(-! (UIST ’12), 123–ZVQ7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkUVXQZZ[7UVXQZVW!

RVWT! b.6*+(! `+3+5:! L(0-$0-%0! q0'09.>0:! `+51%(! D}-%():! 0(2! =,-0((+!
D.117!UQZ[7!j%-,01%'0$%.(!./!C.&#1+@!O+01$*!f0$0!.(!̀ .?%1+!f+>%6+-7!
MMHealth’16: Multimedia for personal health and he*.2,/ !*)%/

P)"!%%$'#(&N!VZ–VW7!*$$#-Nkk2.%7.5)kZQ7ZZWPkUYXP\[[7UYXP\\W!
RVPT! 8.22!`%11+5!0(2!b.*(!=$0-9.7!UQQU7!L5$%-$%60113!6.(>+3%()!#+5%#*+501!

%(/.5&0$%.(! 4%$*! $*+! A(/.C0(>0-7! A(! P)"!%%$'#(&/ "5/ 2,%/ Z")N'#(/
>"#5%)%#!%/"#/T$6*#!%$/^'&1*./K#2%)5*!%&:!WV–PQ7!

RV[T! =,?*0-!C*0(250!`,9*.#02*3037!UQZP7!B+050?1+!-+(-.5-!/.5!*,&0(!
06$%>%$3! &.(%$.5%()N! L! 5+>%+47! KJJJ/ &%#&")&/ W"1)#*.! ZP:! VN! ZVUZ–

ZVVQ7!
RV\T! b,1%+!S0110($7!UQZQ7!=S==!-,5>%>01!&0(,01N!L!-$+#!?3!-$+#!),%2+! $.!

20$0!0(013-%-!,-%()!=S==!7!`0%2+(*+027!!
RVXT! b0+*3,(! S0597! UQZ[7! C10--%/3%()! B+%)*$! 850%(%()! B.59.,$-! 4%$*!

Deep Convolutional Neural Networks : A Precedent Study. 
P)"!%%$'#(&/ "5/ 2,%/ Rb2,/ K#2%)#*2'"#*./ >"#5%)%#!%/ "#/ C10*#3

>"0+12%)/ K#2%)*!2'"#/ 8'2,/ F";'.%/ L%6'!%&/ *#$/ E%)6'!%&/ T$W1#!2N!
XPW–XPX7!*$$#-Nkk2.%7.5)kZQ7ZZWPkUYP\U[P7UY[ZX[Z!

RVYT! =.,?*%9! S0,1:! b030($0! `,9*.#02*303:! L! q! `0H,&205:! D0(20(0!
`0H,&205:!0(2!=!f0-!D*0$$06*05307!UQZU7!`+$*.2.1.)3!$.!j%-,01%'+!
g1+6$5.(%6! O+01$*! h+6.52! /.5! C*5.(%6! f%-+0-+-! .(! =&011! f%-#103!
=65++(-7!A(!P)"!%%$'#(&/"5/2,%/K#2%)#*2'"#*./>"#5%)%#!%/"#/T$6*#!%&/
'#/>"0+12'#(]/>"001#'!*2'"#&/*#$/K#5")0*2'!&!(ICACCI ’12), 505–

PZQ7!*$$#-Nkk2.%7.5)kZQ7ZZWPkUVWPVY[7UVWPWXQ!
RWQT! C*051+-! S+5%(:! M5z2z5%6! j+5(%+5:! 0(2! b+0(<f0(%+1! M+9+$+7! UQZV7!

A($+506$%>+!O.5%'.(!;50#*-N!A&#5.>%()!$*+!C.&#06$!j%-,01%'0$%.(!./!
`,1$%#1+! 8%&+! =+5%+-7! CHI ’13 Proceedings of the SIGCHI 
>"#5%)%#!%/"#/C10*#/I*!2")&/ '#/>"0+12'#(/ E-&2%0&N! VUZ\–VUU[7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkUW\Q[PW7UW[[WWZ!

RWZT! _+4%-!j!S+$+5-.(! 0(2!B%1?,5!=6*50&&7!ZYPW7!O.4!066,50$+13! 05+!
2%//+5+($!9%(2-!./!)50#*-!5+02e!T1$'"6'&1*./!"001#'!*2'"#/)%6'%8!U:!
VN!Z\X–ZXY7!

RWUT! O.<q3+.()!h0:!b,()&.!L*(:!O++!b,()!n..(:!f,93.()!n..(:!=0()!
Hyuk Son, and JeongGil Ko. 2017. I Am a “Smart” Watch, Smart 

g(.,)*! $.!q(.4! $*+!L66,5063! ./!`3!"4(!O+05$! h0$+! =+(-.57! A(!
P)"!%%$'#(&/ "5/ 2,%/ Rb2,/ K#2%)#*2'"#*./ Z")N&,"+/ "#/ F";'.%/
>"0+12'#(/ E-&2%0&/ *#$/ T++.'!*2'"#&! (HotMobile ’17), 49–PW7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkVQVUY\Q7VQVUY\\!

RWVT! D10%(+! h++2+5! 0(2! L1+@0(25%0! f0>%27! UQZ[7! O+01$*! 0$! *0(2N! L!
-3-$+&0$%6! 5+>%+4! ./! -&05$! 40$6*! ,-+-! /.5! *+01$*! 0(2! 4+11(+--7!
U"1)#*./ "5/ e'"0%$'!*./ K#5")0*2'!&! [VN! U[Y–U\[7!
*$$#-Nkk2.%7.5)k*$$#-Nkk2.%7.5)kZQ7ZQZ[kH7H?%7UQZ[7QY7QQZ!

RWWT! j%5#%! h.$.:! L(25+%! S.#+-6,:! L($$%! q.%>%-$.:! 0(2! g1%(0! j05$%0%(+(7!
UQQ[7! `%(%&0#N! L! B+?! S0)+! j%-,01%'0$%.(! `+$*.2! /.5! `.?%1+!
S*.(+-7!A(!P)"!%%$'#(&/"5/2,%/EK[>CK/>"#5%)%#!%/"#/C10*#/I*!2")&/
'#/ >"0+12'#(/ E-&2%0&! (CHI ’06), 35–WW7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkZZUW\\U7ZZUW\\Y!

RWPT! `056.-!=+550(.:!q*0102!O0-0(:!D055+$$!g(-:!m%()<f.()!n0():!0(2!
S.,50()! A50(%7! UQZP7! =&05$40$6*+-! {! O+02<B.5(! f%-#103-N! $*+!
“New” Smartphone. In T>F/ Z")N&,"+/ "#/ F";'.%/ >".."!*2%$/
K#2%)*!2'"#/ =ZGb/ 3/>CK/GQRd@/ '#/aa)$/T##1*./T>F/>"#5%)%#!%/"#/

C10*#/ I*!2")&/ '#/ >"0+12'#(/ E-&2%0&:! Z<<P7! h+$5%+>+2! /5.&!
*$$#Nkk.0$0.7,(%><$.,1.,-+7/5kZPUXXk!

RW[T! f0>%2!=%&9%(:!h+%2!O0-$%+:!f0>%2!=%&9%(:!0(2!h+%2!O0-$%+7!UQZ\7!L(!
A(/.5&0$%.(<S5.6+--%()!L(013-%-!./!;50#*!S+56+#$%.(7!XU:!VYXN!WPW–

W[P7!
RW\T! ;0)0(#5++$!=%()*:!B%11%0&!f+10&05+:! 0(2!S.,50()! A50(%7! UQZX7!f<

=BA`gN! L! f+-%)(! =#06+! /.5! =&05$40$6*! A($+506$%.(! 8+6*(%G,+-!
=,##.5$%()!`.?%1%$3!0(2!g(6,&?50(6+7! A(!P)"!%%$'#(&/"5/ 2,%/GQRb/
>CK/>"#5%)%#!%/"#/C10*#/I*!2")&/'#/>"0+12'#(/E-&2%0&!(CHI ’18), 

[VWNZ<<[VWNZV7!*$$#-Nkk2.%7.5)kZQ7ZZWPkVZ\VP\W7VZ\WUQX!
RWXT! g24052!h!8,/$+7!UQQ[7!e%*12'51./%6'$%#!%7!;50#*%6-!S5+--!C*+-*%5+:!

C87!
RWYT! 80.4+%!f0>%2!B0():!C0$*+5%(+!S10%-0($:!L1+@0(2+5!b!x,%((:!h.&0(!

=$0(6*09:! =*04(! `,5#*3:! 0(2! D+(! =*(+%2+5&0(7! UQQX7! L1%)(%()!
$+&#.501! 20$0!?3! -+($%(+1! +>+($-N! 2%-6.>+5%()! #0$$+5(-! %(! +1+6$5.(%6!
*+01$*!5+6.52-7!A(!P)"!%%$'#(&/"5/2,%/EK[>CK/!"#5%)%#!%/"#/C10*#/
5*!2")&/'#/!"0+12'#(/&-&2%0&:!WP\–W[[7!

RPQT! f%59! B+(%):! b.*0((+-! =6*~(%():! L1+@! "1401:! `0$*%0-! "?+(:! 0(2!
h0%(+5!`010907!UQZ\7!B0$6*8*5,N!g@#0(2%()!=&05$40$6*!f%-#103-!
4%$*! `%2<0%5! j%-,01-! 0(2! B5%-$<4.5(! L,)&+($+2! h+01%$37! A(!
P)"!%%$'#(&/ "5/ 2,%/ GQR\/ >CK/ >"#5%)%#!%/ "#/ C10*#/ I*!2")&/ '#/

>"0+12'#(/ E-&2%0&! (CHI ’17), 716–\UZ7!
*$$#-Nkk2.%7.5)kZQ7ZZWPkVQUPWPV7VQUPXPU!

RPZT! j%>%0(! _! B+-$:! f0>%2! D.510(2:! 0(2! B! g2! O0&&.(27! UQZW7!
A((.>0$%>+! A(/.5&0$%.(! j%-,01%'0$%.(! ./! g1+6$5.(%6! O+01$*! h+6.52!
f0$0N! L! =3-$+&0$%6! h+>%+47! U"1)#*./ "5/ 2,%/ T0%)'!*#/ F%$'!*./
K#5")0*2'!&/ Association : JAMIAN! Z–\7!
*$$#-Nkk2.%7.5)kZQ7ZZV[k0&%0H(1<UQZW<QQUYPP!




