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4 See De Hert, P., Kloza, D. Wright, D. (Eds) (2012) Recommendations for a privacy impact assessment
framework for the European Union. Deliverable for PIAF - A Privacy Impact Assessment Framework
for data protection and privacy rights, EU, Grant Agreement JUST/2010/FRAC/AG/1137 - 30!CE!
0377117/00170
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7 +-0,8K,$D-D§)CT8/CYD2/7($6C. H (8 1£08B . C/ , 558 K-T+-)$7+,$5/CB,, $C68 1 3: LVELT+,5*,) , . (B
B.-)/-B§, 58 C§ (5 1#08 B.C4-D,§ (8 25,6288 57(.7-) *$ BC-) 7$6C.§ ,QBEC.-) *$ 7+, §-HBf-/ (7-C) 58 () DS
(55,55-)*$7+,8/+ (68, )*,5C68 () I$ ) C4, 887, /+) CIC*I§-) 4CA4-) *§ 7+ ,§ BCT, ) 7- (6 /Chi, /7-C)$ C6S
B,.5C) (BD(7(is

£)$C.D, .$7C 2)D, .57()D§ 7+, BCT, ) 7-( /C)/, .) 5 C8s 57(L,+CiD, .56 K ,§ (BB.C(/+, DS TKCS
D-57-)/75 *.C?BS5l§ 4-,K,.5¢B(55,.5:FJ8 ()D§ CK),.5 SCT+ *.C?B5 K, .,§ -)4-7,D$ 7C
B(.7-/-B(7,8-)$5H (§86C/ 258* . C2B5S-) 4CH4-) *$2BSTCS ;$B(. T-/-BOT5S (TS ($7-H, 57C* , T+, $K-T+§
B.CN,/TSH,HF, .587C$B. ,5,)T84(.-C?585/, ) (.-C5$ O D$6(/-i-1(7,$7+,8D-5/255-C) i P?.S KC.L§
K-1+CK) , .58-5D, 5/ .-F , D$§?.7+, .3F , iCK$-)$5, /7-C)$=3C57+-5D, -4, . (F8, 8

#)§ C?.§ 5?FH-55-C)$ T1)D, .57()D-)*$ PK),.5+-BS ()D§ E. 257 -)$ 2JF,.:>C.(*,D$ 12Fi-/$
3-5Bi(I5U$X20-) /+5, 75 (s <89=Y§ K ,$D, 5/ .-F ,§ TKC$62§:D (IS KC.L5+CBBS T+(T§ K , § +, DS K-T+§
BC7,)7-(§4-,K, .5C6B, .5C) (§-5,D$B?Fi-/$D-5B§(J56-)$C.D, .$7C§2)D, .57() Ds K+(7$7IB, $ C6S
/C)7,)78 7+,38 KC?D$ -H(*-) ,§ B?77-)*$ ?B§ C)§ 52/+5 (§ D-5B4( I F275 (§5C8 7C5 8, (.)$ (FC?78
BC7,)7-(8$B.-4(/8/C)/, .)58E+,SL , J$B.-4(/J:-)5-*+75%6.CHSC?.SKC.L5+CB5K , . , I

o R#,)E.!,+&=E, ) &HTE,$h ] +0,)CT (B(.T-/-BOTSK, .,$/C)/,.) . DET+C5,$
K+C$A&$88/C)/, ) , DS(FCPTSB .-4(/I8+(DSHCETIITFIO L, sB.-4(/35/C)/, .Y 5IST+, 38
K, .,8.-1-/ (BCET+,5-D, (SC8B,, .5C) (65, DD-5BA(I5HNP57 (567+ , JIKC2DS ) CT57. 2575C .8
25,$ 5C/-(i8 H,D-(i8 P?.$ B(.-/-B()5 .C?*+iJ5 ,/+C,D$ | ,51-)$ /8(55-6-/ (7-C)$ C8
B.-4(/J$5?.4,35 . ,5BCYD, )75 -)7Cs 7+, ,§ /(7,*C.-,58 h§ B.-4(/J$ 62)D(H, ) 7(4-57508
B.-4(/J$B. (*H(7-5750 ()D$B.-4(/3$2)/C)/,.) ,Dsh§T+C2*+§ K ,$D-D§ )CTS B, .6C. HS (§
6C. H(#() (83550

o UH&+(3($"! #6! 7+,=E3.1 =-+03$.! $#($"-(,$ h$ P?.$ 6C/?5 *.C?B5§ *.(4-7(7,D$
1CK (.D5$5CH?7-C) 58 7+(78-) D-4-D? (8IS FAQ L, DSC?7$B, .5C) (88-)6C.H(7-C)$C)$7+,5,$
D-5BR(J50 , i*ils -)$ 7+,$ /C)7,Q75 C6s ()8 (*,)D(8 4-,Ki E+,5,8 /C)/,.)58 +(4,5F,,)S
B.,4-C?5{J3(DD. ,55,D8-)$7+,86C. HSCA5BE-78-) 7, .6(/ , 508K+, ., $(83( . * ,$D-5Bf(I$5+C K5
C4,.4-,K$-)6C.H(7-C)$ K+-,$B, .5C) (5D, 7(-858 (. ,$ 5+CK)SC)$ (8B, .5C) (B8 D, 4-/,$
X, i*W8 C), 158 HCF-{,$ B+C) , i 478 . ,H(-)58 \?,57-C) (Fi,$ +CKS$ K, 88 , -7+, .§ C6§ 7+,5,,$
5C§?7-C) 58K C2IDSKC. L$-)$B. (/7-/ 16

o K-#<E" &3)$I$#($" =) #6!5+7 " ()t6+3<E"Tl+(G#-&3)H#(Shs 1 (.7-/-BO 158K, . ,§C67,)$
?2) (K (. ,$C)$+CK$)C):-D, )7-6-,D8-)6C. H (7-C)§H-*+T5C66, .§7+,$BCT, ) 7-(B87CS-D , ) 7-63
7+, H§, *8B, .5C) (§-5, D§7C:DC{-57:5

o 63$;1H0ISH(S" - ((6H-1-"$=-#$3E1 =-+03$.5hs ] ,$6C?)DSB. (/7-/ (835 CS (K (. ,) , 558
6C.$ =0:B(.7J8B.-4(/J5 /C)/, )58 , 18 +CKS 7+,55,)D, .$ C8 ()8 , H (- KC26DS ., (/78
L) CK-)*§7+(18+-55C..8+, .8, H (K C?IDSF, $5+CK)SC)$($B2F6-/5D-5B3 (i

o 63%; 1#6I$#($" - (16#-1=-#6+E+ (28h$05B (. 7-/-BOTHK , . , 84, .JSH2/+86C/ 25, DSC)S$T+,$
D-5B8(J$ (5B, /756 C8 B,.5C) (6-5(7-CY% .(7+,.5 7+()$ §C)*:7,.Hs 25,06 K,$ 6C?)DS
B.(/7-/(83§ )C$ (K(.,),55 6C.§ B.CO-§-)*$ -55?,506 E+-58 ,/+C,5 B.-C.§ KC.LS C)$
-HH,D-(/J§ C6 B.-4(/J$ /C)/,.)50 K+,.,08 ,i*Ws /C)5?H, .58 B. ,6,.$ 7C$ 5+CB§ 6C.$

$$$$$$$$mmmmmmmmd~d~mma~$$$$$$$$$mmm

5 Note that D3.2 describes further results of these workshops with respect to personalisation.

6 See also Cranor, L. F., Reagle, J., & Ackerman, M. S. (1999). Beyond Concern: Understanding Net Users’
Attitudes About Online Privacy. Retrieved from www.research.att.com/library/trs/TRs/99/99.4/

7 See, e.g., Hosio, S., Jurmu, M., Kukka, H., Riekki, J., and Ojala, T. (2010) Supporting Distributed Private and
Public User Interfaces in Urban Environments. Proceedings of HotMobile 2010, ACM.

8 See Acquisti, A. (2004). Privacy in electronic commerce and the economics of immediate gratification. In EC’04
ACM Conference on Electronic Commerce, (New York, NY, 21-29.

y:
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,07, ) (BBC5-7-C)-)*$5, .4/, 5%C.5C2.3(./+-1,/12. ,BFCK , 4, .0*-4, )§T+ ,$K-D, 58. , (D§?5, $C6$
B+C),:F(5,D4C/ (-C)$5, .4-/ ,5UK 85, 4, . (*,§7+,5,Q-57, )/, SCB5, . 4-/ , 58i-L , $°CC*1, $%6(B5S-)S
C.D, .§7C$(/--7(7,3D, BICIH, )Tis 1 .2HH®<$B.C4-D, 5()$C4, .4-, KICET+,§-552 , 5 () DSCBT-C) 56
)$C/(1-C)$B.-A(/ Jis
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9 See Lyon, D. (Ed.) (2003) Surveillance as Social Sorting - Privacy, risk, and digital discrimination. Routledge

10 See Clarke, R. (1988). Information Technology and Dataveillance. Communications of the ACM, 31(5), 498—
512. Available from http://portal.acm.org/citation.cfm?doid=42411.42413

11 See Spiekermann, S., Grossklags, J. and Berendt, B. (2001) ‘Stated privacy preferences versus actual behaviour
in EC environments: a reality check’, Proceedings of the 5th International Conference Wirtschaftsinformatik
(Business Informatics) — Finanzdienstleistungen (Information Systems in Finance) WI-IF 2001, Augsburg,
Germany, Springer, pp.129-148

12 See Krumm, J. (2008). A survey of computational location privacy. Personal and Ubiquitous Computing, 13(6),
391-399. doi:10.1007/s00779-008-0212-5
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>-*?_,§=$B.C4-D,5 ()$C4,.4-,K$C6§ 7+,8 H(-)$ /CHBC) , )75 () D$ 57, B5S -) 4Ci4 , D§ -)§ FCT+
B.C4-D-)*$()D§?5-)*$ (§B, .5C) (§-5,D85, .4-/,$C)$ ($B?Fi-/$D-5B(J5 . 2) )-) *$C)§ 7+ ,STE(/-T(U§
-)6.(57.2/72.,$ 1+(7 K,$ D,4,(CB,Di$ 05 HCF-§,$ D,4-/,$ 25,5 (§ B?F-/035 (4(-0(Fi,$ H(BS
B.C4-D, .$7C$.,/,-4,8 O$C4, .4-, K$ C8 7+,$ B, .5C) (6-5(Fi,$ D-5B8(I58-)$ O8 (., QDS 7+,-.§
.,5B,/7-4,$ CB7-C)56 X57,B§ 9V 1C7,$ 7+(78 52/+ ())C?)/,H,)75 /8 F,§ .,/,-4,D
()C)JIHC?5)38 FJ§ 25-)*$ (BB.CB.-(7,$ (OC)JIHS$ M-)*$ B.CQ-,5 C.§ (§ 5+C.7:.()*,$ K-.,§,558
7,/+)CIC*J8X, 18 ] ->S, (/C)5%Yi 15, .58/ ()§25,8 (5. () *,$C68 (BBSS 7+(T5H (JI$57BBC. 7552/ +§
B, .5C) (6-5(7-C)$ C8§ B?Fi-/$ D-5BE(JI5H , i*ils K, (7+, .8 (BB5$C.$/(8,)D(.$ (BBSBE+,5,5/()$F,$
/C)6-*2. ,D§FIST+,825, .$25-)*08, i*1s O)$(BB:B.C4-D, .$C)6-) ,$5J57, HIC.§ (8D, D-/ (7, DSHCF-§, §
(BBSX57,BS<Yis™, .4-/ 58 H-*+15 . \\?-.,$-D,)7-6-(Fd,$-)6C.H(7-C)$7C$B.C4-D,$52/+45, .4-/ , 506
7+C?*+§-)$B.-)/-Bi,$B5,?2DC) JHC?5C.§,4,)$§ () CYIHC?5$5CA?7-CY55 (. , § , (5-8I$BCB5-Fi, (508
K, (7+,.85J57, HS$ /C?D$ C66, .§ (56208 (//C?)75-)4Ci4-)*$C), 158 B, .5C) (6 , H (-6 (DD. , 555 -)$
C.D, .§7C§5?BBC. 75 (§ K-D,$4(.-,7J5CE B, .5C) (§-5(7-CY$ CBT-C) 50 (§B5, ?2DCY JHC?5§ (//C?) T8
-)4CH4-)*$ (85, 06:/+C5,)$25,.) (H,$ QODSB(55KC.DKC.$,4,)8 O OC)IHC?585CH27-C)$ 7+(78
5-HB{JS. ,\?-.,57+,85,)D-)*$C6s ($B(.7-/20( .$iC/ (7-C) :/CD,8P)/ ,$ ((HCF-},$D,4-/,3D,7,/75%
T+(78h$ (//C.D-)*$7C57+, $H(BS-)6C. H(7-C)SCFT(-) , Ds-)$57, BSOshs-75-58) , (.$ (§B, .5C) (B-5(F8, $
D-5BA(J$7+(755?BBC. 758 (BB5§CBS-) 7, ., 5757C87+,825, .08-78/ ()$7+,)$/CY7(/757+,8/C. . ,5BC)D-)*$
5,.4-/,$ B.C4-D,.§ K-1+#§ -)6C.H(7-C)$ (FC?7$ 7+,$ B,.5C) (§-5(7-C)$ (OD$ 7+,$ D-5BE(J§ 7C$
B, .5C) (8-5,8X57, B§=Yis"-4, )§7+(757+,5CK) , .$+(58-) 57 (68, DIST+,8/C.. . ,5BC)YD-) *$(BBIC) 7CS7+,$
D-5BA(J7+,95, .4-/ ,§-58(Fi, $7CIB?5+5B, .5C) (§-5, D§-)6C. H (7-C)$C?787C§7+, $D-5BA( IS () D$H+CKS
7+-58-)$7-H ,$6C .57+, §25, .$B(55-) *$FJis

$$$$$mm«mmmmmmmm¢d~mmma~a~a~$$$$$$mmmm

13 See Chandra, R., Padhye, J., Ravindranath, L., & Wolman, A. (2007). Beacon-Stuffing: Wi-Fi without
Associations. In Eighth IEEE Workshop on Mobile Computing Systems and Applications (pp. 53-57). IEEE.
doi:10.1109/HotMobile.2007.16
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provides requests
content content
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wants access/
information

 OWTNS ——

USER OWNER

E+,$7.2578HCD, i 2)D, .03-)* E(/-1($ 58 5+CK)$-)$ >-*?. ,§_[§#78D-57.-F27,587.25756.CHS 7+, §
-)6.(57.2/12.,§C?75-)7C 7+ ,§-) D-4-D? (i (BBI-/ (1-C) C5, .4-/ ,$B.C4-D, .5 FCT+$CK)) , .58 () DS
4-,K, .58 .,038C)$7.2575 . ,8(7-C)5+-B5§ T+(78 +(4,$C67,)$ F, ,)$6C. H, D§ C275-D, § ()J$ D-5B3(JS
2)6.(57.2/72. 18, KIS K-T48) , KBS (*, ) /-, 580-L,$21 18C .85, .4-/ ,$B.C4-D, .586-L K, (7+, .4/CH
K+-/+8 (8,4-(7,587+,8) , ,D§ TC$ 7. 2578 , -7+, .$ CK) , .56 C.§ 4-, K, .58 (B-L,$ XH , D-(7,D§ FI§ 7+, §
D-5BA(Jis

E(/-1(+(55, ,)$8-H-7,D$D, BICIH, ) T$5C$6(.$h$ B.CF, 58 +(4,$F, ,)$.2)$ (BB.CN, /TsB(.T) , .$
1°0128() D81 "#7+C2*-H5C86(. ) CHCY*:7, . HSD, BICIH , ) 18+ (5F , , )SH (D, 8] ,56C. , 5, ,$T+(7
52/+5(SC)*, .87, . HI572DISK C20DSF , $(F, $7CIB.C4-D,&-HBC.7() 8. , (§:25,8-) 5-*+7is

>?.7+, .§-)6C. H(7-C)$/)$F,$6C?)DS- )8 1i 3(4-,506%i8 " O *+,-) .-/+§"18 20-) /+8 48 Vi+ (. TS Ol
>.-D(J E+iS B2F-IM(S (DS Sis "'2. (NF (B8 E(/-1(5 :$ "?BBC.7-)*$ I,.5C) (I-5(7-C)$ -)§ >?72.,8
1,.4(5-4,$3-5B((J8 1,7KC. L5 "?FH-77,D$ 7C$ ¥ F-2CHB§ <89=$X. I, /7, DYa () D§ "'i§ 26-) /+$ Eis
12F-TM( 168 3(4-,50 QDS %8 * O *+,-) .-/+8 T3, HCI§ 25-)*§ HCF-§,$D,4-/,58 7C$ B, .5C) (§-M, $
B, .4(5-4,$D-5Bi(J50U8-)$#)$0DN?) /781 .C/, ,D-) *55CB§7+,8987+$#)7, .) (7-C) (82C)6, ., )/,$C)$
9%CF-f,$"J57, H580BB{-/ (7-C)58() DS, . 4-/ , 58%CF-"" J519<<89<$BBIS_A9:_A<is

FBX! - #($E%, +#(,!

J-7+)87+,8/C)7,Q75 C68 13:1VES K, $ K, ., (Fi,$7C5-D,)7-638 () ?HF, .$ C L, J§ -557, 58 -)$
B.C4-D-)*$ B, .5C) (§-5,D8 5, .4-/,5 C)$ B, .4(5-4,5 ) ,TKC.L,D§ D-5Bi(J5 7+.C2*+§ -):D, BT+
6C/ 258 *.C?BS5,55-C)58 ()D§ -)7, . 4-, KS K-T+$ 4(.-C?58 57(L, +CiD, .5 X26-) /+§ , 7§ (it <89=Yio-$
J+4,8K,$6C?)D$ /C)/, . )$6C.$ D-5BI(IS B.-4 (/I 4, 1 T+,52)-)7,)D, D$ D-5B3( I C8$ B, .5C) (48
2)6C. H(7-C)$ C)$ (§ B?Fi-/$ D-5B3(J0 HC5TS-)7, .4-, K., , 5§ +(DS6-776,57C$ )Cs (K (. , ) , 555 CBS 7+, §
HC. ,$5?F78,8-HB6-/ (7-C)5CKB,, .5C) (-5-)*5) , TKC..L , DID-5Bi(I58>2772. , SKC. LIK-ii8+ (4, $7C8
B(XB(.7-/28(.$(77,)T-C)STCSB.CB, .$-552, 8. (H-)*$()DI5T(L, +CiD, .8, D2/ (7-C) s

$$$$$$mmmmMmmmM~d~mma~a~$$$$$$$mmmm

14 See also D3.2
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7.5 (5C5-D, ) 7-6-,DSL, J§/C)/, )5S CBCKY) , .58 ()DSCB, . (7C.58hs-)/, ) 7-4,564 (82,57, (1-C)
ODS/C)7,)BHCD, . (7-C)$hsT+(18H?5TF ,§(DD. , 55, D$-)SC.D, .§7C$/C)4-)/,$CK) , .587CSCB , )$
2B§7+, -.$D-5BI(I5H()DS-) 4, 57-*(7, D87, /+) -/ (BCBT-CY5$C 4B , .5C) (B-5-) *$B2Fi-/$D-5B1(I5K-)$
B(.7-/24(.§T+.C?*+T+,§25, SCBHCF-1, $B+C) , 5i8

>-) (831 K,$ D,5-*),D$ ()D§ -HBE, H,)7,D8 (§ §-*+7K ,-*+75 -)6.(57.2/72. % h$ E(/-1( hs T+(78
6(/-6-(7,58B,, .5C) (B-5(7-C)$ K-T+C2757+,5) , , D$6C.$D-5/6C5-) *$B. Co-3,5-)6C . H (7-C)STC3 (/72 (B8
D-5Bi(JI5$X3(4-, 5%, 75 (Bl <89=FYis#)57, (DI§ 25, .$D(7(5-58D-57.-F 27, D§ (HC)*$-) D-4-D? (4§ (BB5S
KT+ K+-/+§FCT+34- K, .5 ODSCK) , .58 +(4,§7C$-)D-4-D? (81357 ., (7,57.2575 . ,6(7-C)5+-B5s h
O (IC*C?557C$ 7CD (158 HCF-§,$B+C) , s T(BBS5TC. ,USHCD, 68 T ,$+(4,54, .-6-,D87+,87, /+) -/ (B8
6, (5-F-1-75C6852/+5 ()3 (BB.C(/+§7+.C?*+§ ($B.CTCTIB, §-HBI, H, ) 7(7-C)SODS B, .6C. H()/,$
O (835-5 FCK , 4, .15 7C3 4(6-D(7,§ 7+,$ B00&+."hE*&™S C88 C2.8 (./+-1,/72..8 QDS ,4(42 (7,8 -5
Y++86.)*+88 (HC)*$ FCT+34-, K., .5 ODSCK) , 566272, ,§ KC.LSK-i%) , ,D§1C§/C)7-)?,$7+,5,
2)4,57-%(1-C)58-)87+,8/C) 7, QCHHC) *, .87, . HID, BICIH, ) 7518

!
$ !
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HBlI@+)%3) " 7!""+,=E3_,!

OSH (IC.§7+.25T5CEC?.5-) 4, 57-*(7-C)55-)$ 1 3: LVESGHC/ 25, DSC)$*, 77-) *§7+,8T5-72(7, D) , 55U5C6S
D-5Bi(J58 .-*+71§ -4, 1§ +CKS$ 7CS ,)52.,8 7+,§ (BB.CB.-(7,) 55 C8 /C)7, )78 -)$ FCT+$6-, D§ () DS
DJ) (H-/$5-12(7-C)516#)$C2.8-) 4, 57-* (7-C) 518K , $(BB. C(/+, D§T+-55 (5B, /TSK-T+-)§7+,$/C) 1, QT
CHTKCIH (-)S. ,5, (./+5(4, )2, 5IT57(L, +CiD,, .5U8() DSTB.. (/7-/ , 5Uis

D.)?842(/8&$"S . ,6, .5 7C$ CF5, .4(7-C)58 6C/ 255 *.C?B5 ()DS -)7, .4-, K58 K-7+§ 7+,§ B.-H (. J§
125, .508C8B, .5C) (6-5(Fi,$B, .4(5-4,$D-5BA(I50-4, FCT+$4-, K, .5()DSCK) , .5¢CB, . (7C.5$Ch8
D-5BA(J5-)$C.D, .§7C§2)D, .57 D§T+,-.$F , B-,658D,5-. , 58 ()DS/C)/, . ) 5is<$)+."+&S.. , 6, . 587CS
(/712(8F , +(4-C?.5C687+,5,$57(L , +CiD, .50, -7+, .8-)§7+,8/C)7,Q78C65 (/72 (BD-5BH(IST25, USC..$-)$
7+,$/C)7,Q78C885?. .C*(7,$5357, H50852/+8(58BC57, .58() DS C7-/, SFC (. D5IS

L SK-8F, *)SFJD, 5/ .-F-)*$C? .S KC.L§-)$/+(. (/7, .-W-)*$7+,$B.CFi, HS5B(/, 845, /7-C)$=i9Ys
ODST+,)5%-4,80)IC4, .4-, KICE, Q-57-)*$B.. (/1-/ , 55-)SFCT+T+, D-*-T(B() D7+, 5O ({C*XB (B, .:
F(5,DYSDCH (-)$X5, /7-C)$=i<Yi ] ,$. ,BC.TC? $KC.LICYS/CHH?)-138-) 4Ci4 , H, ) T5-)85, /7-C)$
=I=0F ,6C. ,$D,5/.-F-)*$C2.5(./+-1,/17. (B(BB.C(/+$ICs/C)7, ) T45/+,D20-) *I5, /1-C)$=L_Yis

HBAI""+& " (, #E(, H01e0%3) " 7 (", !

E+,$ 7,.H$ T5-72(7,DUs -)$ 7+,§ /C)7,Q7 C6 ),7KC.L,D§ B,.4(5-4,$ D-5B3(J5$ .,6,.58 7C3
TF,+(4-C?. (8 /C)7, Q75 K-T+-)$ K+-/+§ D-5Bi(J5 (. ,$ -HH, .5,D$ FJ§ 4-.72,,§ C6 7+, -.§ 5B (7- (B
iC/(1-C)T+,5. ,0(7-CY5+-BSF, 7K., , )$5B(/,S()DSH , ()-) *$C68-)6C. H(7-C)BNC) , 55CE-)662, )/, §
ODS (/1-4-135 (.C?)D§7+,5,$D-5BA(I58 (YD T+, 8 K (I8 T+ (785B (7-(8 (.. O *, H, ) T5C6 D-5B3(J , D
-)6C. H(T-CY8/ ()$57.2/77. ,$/Cli(FC. (74,5 CHB?T(7-C) Ui

Place Identity

Location Scope Admin Scope
* ((({’l»
*7y ’ . . ,

SN

| |

Community Activity

$

".712(7,D) 55457, H586. CHS FCT+$ T+, $B+J5-/ (6 () DS 5C/-(8/C) 7, Q7 C6s ($ D-5B3(II588C/ (7-C)$ h
6.CHST+,8(./+-7,/72. (557 .C?)D-)*508-758 (/72 (BSBC5-1-C)$ ) DSD-H, )5-C) 518 (5K , 185 (55 7+, §
B,CB, 15, ,-)*$()DCC.8)7, . (/1-)*$SK-T+5-5Q D§T+, - $*C(518) , , DSS()DS. , B(7-C)5+-B5is>-*?.. ,§
_$5+CK58T+, $5-Q8D-57-) /1$D-H , )5-C) 557+ (7K , D, ) 7-6-, DSXjC5KS, TS(Blis<89<Yis

$$$$$m««««««««mwwmmmmm¢¢¢¢¢¢¢¢mmmma~a~a~$$$$$$mmmm

15 See O’Hara, K., Perry, M., and Lewis, S. Situated Web signs and the ordering of social action. In Public and
Situated Displays — Social and Interactional Aspects of Shared Display Technologies, K. O’Hara, M. Perry, E.
Churchill, and D. M. Russel, Eds. Kluwer, 2003, pp. 105-140
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OF A7&#(+,)-3)+0"! ,$#="18-1, 18 /C)7,)78 5+C2iD§ F,$ (BB.CB.-(7,$6C.57+,$ . ,5B,/7-4,8
TCK), .55 C.§ TCB, . (7C.5U8 C6$ (5 D-5BA(JK S, /(25,8 HC575 D-5BA(J58 (. ,$ CK),D§ FJ§
K+C,4, SCK)58T+,8C/(1-CYSK+, . , 87+, 3., $BI(/ , DIsT+-58-) L§-58C67,, )$-HBE-/-756. CHS
7+ ,$D-5BI(ISC/ (7-C)iss

<t 6#$3)#(V<3, " 7!, $H="11 1,1l /C)7,)7$ 5+C2iD$ +(4.,5 .,3,4()/,§ 1C8 T+, B(.T-/28(.$
§C/ (7-C)$ (8 D-5BA(JS 55 -)is VQ(HBE, 58 H(J$-) /62D, § 7+,§ F.CL , )§ OEY%$ 7+(75 -)6C. H5%
(FC?T(i7,.) (7-4,80E%S58 ) , (.FIBT+,5 K, (7+, .$-)6C. H(T-C)S6C.87+,5 ., *-C) B CE T+, 8
H(BSCos7+,8) ,-*+FC?.+CCDIsS

=i ©=3)+3F =E3$"&" O -1, U8 T+,§ (/726 HC?)7-)*$ C6 (§ D-5BA(J$ §-H-75¢ C.§ 52BBC. 75
/,.7(-)$73B,8C6/C) T, YT F-*+, SD-5B3(I54-5-F-6-755-*) (58+*+, 5. 8,4/, BICK , .
5-%)-6-, 55(SHC. ,$-)7-H(7,$5/CB,, i§""-H-1( I8 BC. 7. (-15C.-, ) T(7-C)$-58HC.. , $52-7(F4, §
6C.57. (D-7-C) (BTBC57, .US/C)7, ) TISK+-4, 88O D5/ (B, $6(4C?2.584-D, C8/C)7, Y TS(58K , S (55
37, .(/1-4-138

I KE3$"1C7" ()4).§-58 (857.C)*$6(/TC.$6C.8/C)T,) 785, 8, /7-CY8 (58/C)7, ) T$5+C2IDS F,$-)s
), $ K-T+§ ($BI(/, 158 T/+(. (/7, .U E+,$ /CHH,, ./- (8 D-5BA(J58 (7§ E-H, 58 "\ (. , §6C.$
,Q(HBE, 8 KC?6DS F,$4, .5-) (BB.CB.-(7,5-)$ (§F(.$C.5 (§5/+CCis I, 75 (., $-D, (i 6C.$
/C)4,3)*$51+,8) (72 ,SCHE-H , 58"\ 2. , §

Gl 4$):04).5.,60,/758B,CBY,58-HH,D-(7,8) , ,D50-L, U/C)7, ) T57+(75.. ,A(7, 5$TCI($5B , /-6-/5
(/1-4-1387(L-) *$BE(/ ,$-)$7+,$D-5B(I84-/-) -TI8VQ(HBE, 55H (J5-) /62D ,§7-H , 7(F3, 55C)s
7. (DBI-CYIN?, 2,)6C. H(T-CICYSCK (--)*5(. , (BC.$5/C.. , 55-)6CCTF (Bis* (H., i

SUH&E&W(H). /CYT,)TE 4,0 /C)T, )78 B.CA-D, DS FJ§ 7+, /CHH?)-135 H, HF, .5 6C.
JCHH?)-138H,HF, .56F ,/CH ,58-)$72.)8 . , 6, /7-C)SCH T+, $/CHH?) -735-)SK+-/+8-T§
5§-)5/.-F , DIS#78 ) CT8C)RJS . , 6, /75 7+,$ B, CBA, § K+C86. ,\?, )78 (§BE(/ ,§ F275 (B5C3 T+,
Bi(/,-D, 71355, BFIS(BI(/, 1585, T7-) *$() DICK) , .8

"72(7,D), 55 H(L,58/C)7,) T HC. .5 .,8,40Q T ()DCC.$ , (5-, .$7C§ 2)D, .57()DE 07 7+, §5(H,§
T-H,[8/C)7,) /()8 (55C3D.-4,§5-72(7,D) , 55 FJs +,8B-)*$7C$ D, 6-) ,§ ($BA(/, (§-L, 0§ B.CHCT-) *$
B(.7-/23(.$4(8?,5065,77-)*$/, .1(-)$F,+(4-C?.$,QB, /7(7-C)5% ()DcC.$B.CHCT-)*$-) D-4-D? (i
(/7-C)5i8

>?.7+, 8D, 7(-158/()$ F,$6C2) Ds-)s 9IS JC5KIS s 1-)7CI5 S **-34 (1 01 % , 8.C$ QDS F§ gCD..-*? , 5if
1S,JCYDS-)7, . (/1-CYBECCHSS ()DSB. (/7-/,586C.$5-72(7, DSB2Fi-/ (7-C)$-)$D-5B1(J8) , TKC . L5IUS
1.C/8C87+,86)7,.) (I-C) (" IHBC5-2HI C)$ I, .4(5-4,$ 3-5Bi(JI58_:G8j?),(5<89<s h§ 1C.7CH
1C.72% (8

HBFIK-3$)+$"!

EC$ ?)D, .57()D$ +CKS$ 7C$ 52// 55620033 D, 5-*) 1§ 5CG-/-106 5/+,D2§,06 ()D$ /C)7.Ci8 /C)7,) 75 C)$
B,.5C)(§-5,D8 B, .4(5-4,$ D-5Bi(J50 K ,$ §CCL,D§ -)7C8 /2..,) 18 B.(/7-/,5657..C?)D-)*$ FCT+§
D-*-7(§5-*) (*,$ QDS$-755 () (IC*?,$/C?)7, .B(.75h§ B2Fi-/$)CT-/,$ (. , (58 X1 LO5Y(S , (1§ BC57,, .$
K (6i5() D$B-)$FC( . D5 B, /-6-/ (B1ISK , $

e .,60,/7,D5 C)$ +CKS$ (8 25, .5 /CHH?)-7J5 C88 (§ 8(.*,$ B?Fi-/$ 5-*) (*,$ 5357, H§ XT, :
2(HB?5UY8(DCB7, DS() D$?5, DST+, $B2Fi-/$D-5B0(JS) , TKC. LX23-) /+$, T8(6iti<B899YE

e /C)D?/7,D$ (§57?DJ5 (.C?)DS 1105 K+, ,$K,$CF5, .4, D8 (YD ) (835, D5 7+,5 25, § C8S
11058 )$<AC/ (7-C)58-)8"K-TH, 5O DSQ DS, . H() IXOGTS , 78(is<899Yis

E+,§TKC$572D-, 58, (DSTCH($) ?HF , $CE/C)/ ., 7,5-)5-*+T58K-T+5. , 5B, /SICSD (4B (/77 , 5D DS
/C)/, )SCHFCT+4-, K , .55()DSCK) , .5¢CB, . (1C.55C852/+5B2F6-/5)CT-/ ,3/+()) , 15188

*Q"



3,5-%)-)*$6C.5$#() " ()1 03-+") .16 110586, (72. ,D$ ()8 -HB. ,55-4,$ 4( .-, 7J5 C6 BC575(8
JCHB.-5-)*$+()D:K.-T7,)§)CT, 58-)$4 (.-C?585-M, 5 () D$/CIC? . 55C ) (55, TCHD-66, . , )78
H(7, .-(850 B.-)7,D$ )C7,58 ,)+()/,D$ K-7+§ -H(*, 56 C.§ H(B5 ()D$ B.C6,55-C) (48
D,5-*),D$(D4, .7-5,H, ) 756 3-*-1(§) C7-/ ,$FC(.D5S K-8 ) , , DSTCSB.C4-D,$ H , ()586C..$
B.,5, .4-)*$§7+-586, Q-F-3-7Ji8

3,5-%)-)*$6C.5 , =" $46+$1 %, * 16 12056 /(H,$-)§ HO) IS 4(.-, -, 56D, B, )D-)*$ C)§ 7+,
B?2.BC5,$7+, K, . ,$H, () 187C86286-808B (. 7-/28( 0387+, $7IB,$C8/C) 7, ) 57+, BB , 5, ) T8
ODSC)S7+,3B.,6, ., )/, 55C67+,857(L , +CiD, . SE+-58-)D-/ (7, 57+(75) C$5-) *6,§D , 5-*)s
H(J$F,$Q$(BB.CB.-(7,5.,BI(/, H, ) T6C.$(6is7+,8/2. ., ) 7525, 5C6) CT-/ , SFC (. DSBE+,§
D,5-*)5 /(O +CK, 4, . /(B-T(8-M,$ C)$ 7+,8 6(/75 T+(75 25,.58 (..$ 6(H--(.§ K-T+3
7, (/1) *SK-T+8H207-Bl, SK-T+-)$($5-) *1,$C/ (7-C) 8

3,5-%)-)*$6C. s SH& & (4) .| $#& &I (+$3)+# (I8 1 LOSBC5T-)*58 K, . ,§ (IHC578 (K (I58
., 0(7,D8 7C8 7+,8 6C/ (B (., (8 C.§ 7C$ 7+,8 /CHH?)-138 T+(78 25,D8 7+,8 5B(/, 1§ ]+,
),7KC.L,D§ D-5B§(J58 -)$ 7+,C.J$ BC5,$ )C§ 6-H-75 C)$ /C)7,)75 D-57.-F27-C)1 6272.
Y,7KC.L,D$ B?Fi-/$ D-5Bi(J5 5+C?iD$ , HBICJS BC57-)*$ B.C/,D?. 5 7+(7$ 5?BBC. TS
iC/ (6735 OD§ T+(78 (BICKS 25,.55 1C§ . ,57.-/18 T+,-.8 /C)T.-F27-C)58 7C8 (5 /,.7(-)
),-*+FC?.+CCDis

3,5%)-)*5 6C.5 +(C#-&3)H(! =#-)3<+) I8 E+,§ CBBC.7?)-138 7C8 7(L,$ (K(J
-)6C. H(7-C)$6.CHS ($ 1 LOSK (58 (87 2/- (8B , ., \?-5-7,86C.§7+,$52// , 558C65/(55-6-, D56
(55 K., (5$6C.5 ,4,)75 B.CHCT-C)5l5 3-*-7(fs D-5BA(JI58 H?57 H(L,$ 7+-55 B.C/, 555 (58
5, (H8,555) DS\N?-/L8(587, (.-) *$CO6($B-, /, SCHB (B, .8

3,5-%)-)*$6C.5 + (G#-&3)HE( $53(("E, 16 T +-1,8 HC578 D-*-7(8 /C)7, )78 25, .56 C$ , -
2(HB?58 /., (7,D$ K (5% 5B, /-6-/ (8838 7(.*,7,D8 (18 52F:5,/7-C)5§ C8 7+,$ 1)-4, .5-7J%
BCB?20(7-C)$-T8K (55. (. ,$6C.8/C)7,) 8 TCSF,$5B,, /-(4-5, DS6C..§ (§5B , /-6-/3 D-5BA( IS E+-58
52BBC.7 (§ /+()), 8 (BB.C(/+$ 7C5 D-57.-F27-)*$ /C)7,) T8 K+,.,8 /C)1,) T /., (7,D$
15, K+, .,/ OSF,$(BB.CB.~(7,8-)$D-66, ., ) 15/C)7, Q75188

3,5-%)-)*$6C.5$# () " Q1B )+& " 1§15, .58-)8, :2(HB?5$CH7, )8/ , (7,D8/C)7,)TH6C. ()
J4,)T8-)87+,86272. 8O DS , 55, ) 7-(836C.* , 7§ (FC27187+,8/CY7, ) SCY/ , §-TS K (55-)8 7+,
5357, Hi$% , /+()-5H586C .$-) D-/ (7-)*$7+, 80-6, 7-H ,$C8/C) 7, ) T8 (78/ ., (-C)$7-H , 8+, 6B5S
1CiC4, ./CH ,§T+-5B.CFi, His

3,5-%)-)*$6C.5 $3,%3E! %, 1§ E+,§6.,\?,)/I5 C& /C)T,)T5*,), . (7-C)$-)§ , :2(HB?5%
4(.-,D8 D.(H(@-/(#3% K-+ HC5T 25,.58 (//,55-)* 7+,8 5J57,Hs C)iJ 4,.J
C//(5-C) (BIBF(4-)*$(34, . I85-HBI, )7, .6(/ ,$-58/ . 2/-(B7CID . (K$-)SH () 3825, . 506

3,5-%)-)*5 6C.5 $#()-#E 15, .5 -)$ ,:2(HB?58 C§7,)$ D, 4,0CB,D$ (5 5CB+-57-/(7, DS
2)D, .57()D-)*$Ce87+,55J57, HISSF, +(4-C?.05. , 5267-)%8-)8/8, 4, .$T+(/L5W(.C)D§T+, 8
5J57, HI5$ 5-HBG,$ 5/+,D28-)*$-)7, .6(/ 1§ P +-1,5 7+-55 /(45 6C.5 HC. ,$ 5CB+-57-/(7,D$
5/+,D26-)*$/C) 7. C508-75 (5C35+CK 587+ (785-*) (*, 5357, H5§7+ (75/ OSF ,$H () -B23(7, DS
FJ$5CB+-57-/ (7, D§?5, . 5SK-6i5F , 8

3,5-%)-)*$6C.$ (3% (+0%" 1& " 7+%&I5% () 3§25, .5586-.578-D , (SC8+CKSTCS/ . , (7,8/C)7,)T
)8, :2(HB?58 K (5 7C5 5-HBAJS 5+CK$ K, F$ B(*,50C67,)$ 6.CHS$ ,Q7,.) (& 5C?./, 518
FCK, 4, .5C4, .§7-H,$25, .55, /C*)-M, DT+ (757+-58 K (56 ) C75 (BB.CB.-(7,$ () D§5+-67, DS
1C-H(*, 54/, (7,D$5B,, /-6-/ (§J36C .57+ , $D-5B3 (I5i88

3,5-%)-)*86C.5+(, ) ) %)+ (3E)-%, )I§3-5BI(ISCK) , . 55-)87+, 8, : 2 (HB 2585357, HIK , ., §
C67,)$+(BBISTCSS/+,D?3,8/C)7, ) T86.CHST/+()) , 8B.C4-D, .SBK-T+C?T8 () IS (D4 / .8
L)CKA, D*,SCBK+(T57+C5,5/+()) , I58KC2DS/C) 7 (-) 8] +-1,57+,5/C) 7, QTSCHs,, :2 (HB 25



-5§B(.7-/20(.$D?,$7C8-752) -4, .5-1385, 77-) *18-78-55 ., (5C) (Fi,$7C$ (55?H ,$7+(78CT+, .§
-)57-727-C) (B8 (66-6- (7-C) 58K - C . L§-) §(85-H-( .86 (5+-C) s

e 3,5%))%6C.58#() " ()!,$3-$+) 1515, .58-)8, :2(HB?58/C)5-57,)78352)D, ., 57-H (7, DS
7+,57-H,5OD$,0B,)5,5. ,\?-.,DS1C8 /.., (7,8/C)7,)T82(. 62825, $C67, HBI(7, 5 () DS
C7+, .$5C2./,5C8/C) 7, Y T8X, <87+, §(?7CBC, -5-/5(BB.C(/+D, 4, iCB, D$-)§7+,8/C) 7, QT8
CB87+,5>2)"\2(. ,$5357, HYSF, /CH,$(5. , \2-. , H, ) §1C8, )52, $($5(7-56(/7C.. 353 , 4 , 658
B..5,)7(7-C)i

>7.7+,.8D,7(-658 /()8 F,$ 6C?)D§ -)I§ "5 28-)/+% 11§ 3(4-,50 O >.-D(IN ()D$ 218 V657. (7-C20
1g,60,/7-C)58 C)$ 7+,$ IC)*:7, . H$ 25,8 C6 (% ,QB, .-H,)7(Es D-*-7(§ 5-*) (*,$ 557, HIU§ -)s
1.C/,,D-)*5% CB 7+,5 9=T+% -)7,.)(--C)(B /C)6,.,)/,8 C)$ TF-\?2-C?5 /CHB?7-)*$
X1F-2CHBIOOYH1 , KSpC. LK1 pk 1 "06<899KBBI9==:9 _<1§()D$>KO0TSL1% , H (. CA-/1Vi+( . T8
30S- (808" /+H-DTB%IE " () *+,-) .-/+BAEF(.FC, BVIEF2 () *B () D§%Is 11"/-B-C) K13, 5-%)-) *$
“+(.,D8 12Fi-/§ 3-5B3(JS 1,7KC.L5s O #HBI-/(7-C)55 6.CHS ECD(JI5 1 (B, .:S(5,D8 1CT-/,$
0., (518-)$ 1.C/, ,D-)*55 C6s 7+, 8 AT+ )7, . ) (-C) (8 2C)6, ., )/, C)$ I, .4(5-4,$ 2CHB27-) *1s
<899I§

HBH!""+,=E3.,16#- : #& &% (+)+", !

0$/,)7.(D-H, )5-C)$ C6 572 (7, D)) , 55 -5 7+,§ /CHH?) 730 4, U T+,§ * . C?B$ XC.§ * . C?B5Y$ C6$
B,CBi,§ K+C86.,\?, )78 ($BI(/,$ 7+(75-55 ,) .-/+,Ds K-T+§C) ,§ C.§ HC. ,$ D-5BA(JI5(8#)$ C.D, .$ 7CS
/.,(7,5 D-5BA(I58 7+(78 5+CKS$ /C)7,)78 (DS C86, .5 62)/7-C) (6738 7+(75 -55 . ,8,4() TS 6C.§ 7+,5,
JCHH?)-1-,56 K ,§ H?5752)D, .57()D§ 7+,-.5) , , D55 ()DS +CK$ CB, )$ B, .4(5-4,$ D-5B4(J58 /()
+,6B8(DD. ,557+,5,

7 .5-)4,571-*(7,D/CHH?)-7-, 5% .CHST+. , ,$()*1,55-)$1 3: LVEISS
9L 2()$D-5BE(JI58,)7-/,$/CHH?)-1-, 57CB(.7-/-B(7, [$
<l 2()$D-5BI(JI5HB.C4-D,s/CHH?)-TJ5F, ) ,6-T5[8
=1 FCKIDCID-5BI(I5%-T5-)7CY/CHH?)-138B. (/7-/,5[8

96C5TSCHIC?.SKC. LS-)§T+-58(. , (SK (58-)87+,5/C)7,QTCEs-)7, . 4-, K5§()DST, /+) CIC*I$B..CF, 55
5H (§86C/25,D8D, BICIH , )T587+(18-) 4, 57-* (7, DSB(.7-/23(.S - , 5, (./+$ (5B, /T568£)$B(.7-/ 288
K.,$/CYD?/7,D§1+ ,$6CHCK-)*$D, BICIH, ) 7508

05§ B(.75 CB 7+,5 TO5T #)7,.)(7-CY(5 PB,)$ 1F-\?2-7C?55 2-138 2+(f,)*, X1 St
2+(f,)*,YUs K,$ D,5-*),D§ D,4,iCB, Dl ()D$ D,BiCJ,D§ TKCS CB,)$ B?Fi-/$ D-5B§(J$
5, .4-/,58/ (3, D8T>2) "\ (. , UsX% , H (.CA-/5 (75 (8§ <899Y$ () DS T3-*-6-, D5USXORTS , 78 (4l
<899Y$D?.-)*$=SHC) T+58-)5T+,8/-1J5CEP 23215>-) () Dis

o 05§ B(.75 CE T+,5 T"-4-)*8 " (FUS -)-7-(7-4,8 -)$ T+,8 %-)+C5 ., *-C)$ C6 1C.72%(ils K ,$
D,BiCJ, DST#)57() T8 14(/, 5Ush ()§ (BBS T+ (7 (BICK5SF (9B (7.C) 57CS5+CKIBCST, .55 () DS
TB-)5USX5H (BS6C*C55. , B. , 5, )7-)*K, i*U85BC.. 755/82F55C . SF () D5YSC)$989D-5B8(I56-)8 2§
iC/(1-C)5C4, .§ SHC) T+58KjC5ks, T5(Bis<89=Yis

e 05$B(.TCHTKCSH?ET-:D(JS57?D, )T5C.-, )T(T-C)S$, 4, YIS (757+,5 1) -4, .5-138C8 = 2* () C8
XTP.-,)T(E#SODSTI"4] ,6/CH,UVSK ,$D, BICJ, D$ (BBSS 7+ (75 (BCK , DSTCSTIK, , 7Us () D$
BC5T8#)57(*. (H$B-/72. ,5C) 7C ($5H (B8 ) ?HF , .$C8B2Fi-/$D-5B(I55C) 8/ (HB?5K ] ,$
8(7,.$,Q7,)D, D7+, 8#)57(*. (H$ (BBS 7Cs (65C$52BBC. 75 (7:D-5B3(JsB-/72. ,$7(L-)*$ () D
(65C$D, BiCJ, D§ 7+-58 (55 7+, TUCH , ) 8% (/+-) , U K-T+-)8T+,8T"/ ., ,)58-)§ 7+, 8 ] -6DUS
B.CN,/75(781)-4, .5-1382Ci, * ,$* CYDC)% , H (.C4-/8, 5 (ilts<89=Vis

*("



HBHBAIR#7 "B+ (2! - #&&W (+) . 1> (232" & " ()

0) (835-)*$C?.§P2425D, BICIH, ) 7508 K+-/+§ (-H , D§ (7 -HB.C4-)*$6(/, :7C:6(/ ,$-)7, . (/T-C) 58
(HC)*$iC/ (84, K , .58K 8K , . ,§ (F{,$7CSD. (K$2BS (8D, 7(-6, D8, ) *(*, H, ) TSHCD, 1§ (5$5+CK)$
28>+ HTSSL, IS /CHBC) , )58 (. ,$7+. , ,$D-57-) /18 B+(5, 5 B(55-4,8 ,)*(*, H, )8 (/74§
D*(C,H,)T8ODID-5/C4, . JSSHCD, i, DS (67, .§7+. , ,$C82(. .8, T8 (BiI58a/-7, 1$6-4,$/C..,§+?H ()8
), ,D5§7+(78-)602, )/, 57+, 3(BB, (8B2Fi-/$BB(/ , + (508

9f K3,,10"!" (232" &" ()8-587+,$(/75C65. ,0(Q-)*$-)S ($B?Fi-/$5B(/ ,$FISCF5, .4-) *$K+ (7§
C7+, .5B,CB{,$DCis

<t 4$)+0%1 *(232°&" () .,B.,5,)75 B,CBI,I5 ), ,D8 6C.§ ,)/C?)T, .-)*$ -)7, 60, /72 (88
(ODCC.$B+J5-/(is/+(i,)*, 5¢-)$(B (/i

= "+, $#0"-.8 .,B.,5,)75 T+,§ D,5-.,8 6C.§ 57-H?0(7-C)$ (DS D,E-*+75 T+(78 C),S$
,QB, .-, )/, 557+.C2*+8) , KS,)/C?)17, .5l

P?2.$HCD, 8 H(B5§ 7+C5,$7+. , ,§ B?Fi-/$5B(/,$) , ,D58-)7Cs D-57-)/75-)7, . (/7-C)$NC) , 51§ 7+7255
57BBC.7-)*$D,5-*) , .58 K-+$ /., (7-)*$ (BB, (6-)*$ D-5B3(J$ () DS 6(/-6-7(7-)*$ 7+,$ () (35-5 C8$
CF5,.4,D$F,+(4-C?.8h$62.7+, .$D,7(-858 /()$ F,$6C?)D$ -)$ X%, H(.CA-/5 , 75 (iits <89<(¥$ ()DS
X%, H(.CA-/3, TS(ils<89<FYis

*)"



075 (§ H,7(5 6,4, C2.5 #)57()7 13(/,5 D,BICIH, )7 B.CA4-D,D$ -HBC.7()7T5 -)5-*+755 -)1C$
/CY/,B12(B /+(f,)*,5 K+,)$ D,5-%)-)* (BBi-/(7-C)5$ 6C.8 /CHH?)-1J5 ,QB. ,55-C)$ (DD
(5, HL ) TEESB(T-/28( 80 (8I5-55C87+,$T1-)5() DS 1 C57, . 5US(BBSB . C4-D, DST+, $6CHCK-) *$
-)5-*+T5l

e 20)/,B12(-M)*$ 7+, , " &+ B)HEC ("7, BE+,§52F70,8, )% (%, H, )T C8s (TB-)Us +(78
2)D-.,/1838-)60?, )/, 5$D-5BE(ISTCB-/55) -/ , 1ISH (B5ST+,$TBI(/ ,8-D, ) 7-7IUSD-H , ) 5-C)$Cs
5-72(7,D) , 5506 J, 7§ B(.7-/-B()755 D-D$ )CT$ 628J5 2)D, .57()D$ 7+,$ -HBi-/(7-C)58 C6
TK, (.-)*U§ 527+ B-)55 -)§ T+,§ 4-/-)-135 C6$ (5 D-5B3(Ji6 1C57,.56 K, .,$ H?/+§ HC. ,$
BCB?20(.6(58, CBS, $+(DS/C) /. ,7,8D-55, H-) (7-C)5) , , D5HC. 57+, -.§25, 8

e 2C)/,B12(p-M-)*$+(CH-&3)HE(IE6" )+ & "] +-,9BC57, 58K , .. §, (5-, .$7C§?) D, .57() Dl
B,CBE,$D-D§) CTSH(L,$25,$Co80-H-7-)*$7+, 586, 7-H ,$F, IC) D§7+,$D , (2415 TS HC) 7+Us
’ QB' - (7‘C)&$$

e 2C)/,BI2(E-M-)*$+7" ) .8E+,85357, HS.,\?-., D§ (§88/C) 7, ) T$TCSF,§ (77.-F 27, DSTCH (5
., *57,.,D8 25, .§-)8 T+,$ 5357, Hi§ E+-58 K (5% 25, D5 ,Q7,)5-4,6J5 FI$ Bi(/,$ CK) , .58 7C$
D,/-D,$(//,B1()/,5C.5. N, /1-C)SCE ($BC5T, .SB2Fi-5+-)*5.,\?, 5760757+,85(H ,$7-H, §
25, .581CCLIB.-D, - )8F,-)*$-D, ) 7-6-, DS(587+,5C..-*-) (7C.4C8 (B (. 7-/23( .$BC57,, .88

>?.7+, .8D,7(-858/ ()$F ,$6C?) D$-)182166% , H (.CA-/8%I8 " () *+,-) .-/ +E>BORTI5#8V+ (. 708" $FC5-ClS
ODS$ Vis g?F,*)- T15-)*8 12Ff-/$ 3-5Bi(J56 7C3 "7-H?4(7,$ 1(55-4,5 VY*(*,H,) 7% 0/7-4,$
V)*(*,H,)5()D$3-5/C4, . 38-)$ 1 2Ff-/8"B(/,50U8-)$#)$ 1 .C/, ,D-)*55C6%, D-(50./+-7,/72. 3
S-,)) (6,8 <89<1 ()DS i %, H(.C4-/%8 %is * (O*+,-).-/+§ (OD$ >i§ 0TI T#)7, . (/7-)*$ 13(/,58
>.(H,KC.L$h$ 3,5-*)-)*$ OBBE-/(7-C)58 7+(78 1 .CHCT,$ 2CHH?)-138#)7, . (/7-C)$ QDS 18(/,$
OK(.,) ,55iTs1 .C/IC8T+,5#)7, .) (7-C) (88" IHBC5-2HSC)SH , .4(5-4,$3-5BA(JI50_:GSj?) ,08<89<$
h$1C.7CI81C.72* (fis

HEHBFIR#7 "B+ (2! : #& &% (+) . P "7 ,!

O7§7+,5C?75, 78K ,$HCD, 68, D7+, $CBBC.7?)-7-, 56C.5CB, )$) , 7TKC..L, DB, .4(5-4,$D-5Bi(JI5-)$
7+,$ /C)7,Q75 C8 52BBC.7-)*$ /CHH?)-T-,5 3. (K-)*$ C)$ B.-C.$ KC.LI K,$ -D, )7-6-,D§ 6C?.5
D-57-)/75 (., (55C88-)7, ., 575%% , H(.C4-/$ YD§ " () *+,-) .-/+$<898YIS-D, ) 7-138/C*) -1-C88C/ (i
/C)) ,/1-4-138. ,HCT,5/C)) , /1-4-138() D$-D, ) 7-138-)625-C)shs5?HH (.M, D&-)SE (F8, $<$F , iCKS

/6F: " IM)IRIHH%<#364¢1<!B"4 ; " "<IRIHH%<#" 716<>!*0F:431*:63" 71/541%$5! - "4 ; 14T ">!
*%F:£31+470:617!

Community
Intra-/Within Inter/In Between
Identity Cognition Local Connectivity
Intra Increase community Increase awareness of
awareness between social diversity between
Place local members local communities
Remote Connectivity Identity Infusion
Inter Connect spatially Enrich local community
distributed communities through exchange w/
with similar interests remote communities

$

>C.$,Q(HB, B(5B (. 5CET+,$4)57) 18 18(/, 5D, BICIH , ) TsX/68=i=YEF (.SCK) , .55. ,BC.7, D§T+,$
5BC)7(),C25¢/. , (1-CYSCROST, 0/+()*, U )SK+-/+F(LSCK) , .5IKC2IDS/C) ) , /BODSC*. , ,5C)s
5+CK-)*$7+,$BC57, .5B.C4-D, DSF ST+, -.5. , 5B, /7-4,$B(7.C)58X. , HCT,$/C)) , /1-4-13Vis)SFCT+
>2)"\?2(.,$ X%, H(.CA-/5 , 75 ({ils <899 (Vs ()D§ 3-*-6-, D5 XORTS , 78 (Bils <899V 4-, K , .58 KC2iDS
.,BC.BO%)/., (5,D5(K(. ,) ,55CHCT+, .S/CHH?)-TIH , HF, .5%-D, ) 1-138/C*)-1-C)Vi§



>CHICK-)*$ 7+-58 -)-7-(8 () (8I5-515 K ,$ D-57-4, D 6C2.$ 6(/7C. 58 T+(7 /+(. (/7, .M, $ /CHH?)-1J
), ,DSF(5,D8C)$B.-C.5KC.L§-)$/CHH?)-735-)6C . H (7-/55 () D$ B?F{-/$ D-5B4(J58X% , H (.CA-/$
<89=YKE+,5,%(/1C.55(. ,$(56CHCKSIS

o @%==H#-)+(2! 1 #&&%(+).10)-%S$)%- "I 2CHH?)-T-, 587+ (756, (72,5 H , HF, .5 K-7+§
CYBK, (LST-,58+(4,5F, , )$6C?YDSTCSF, §\?-/L, .$ (7 (DCBT-)*$)C4, 57, /+) CIC*J$6C.$
5C/-(8-)7, . (/T-C)1"$(58-78-587+, /(5,8 )8, 555C . * () -M, DS/CHH ?) -7-, 5ic§

o /TSH2(GLH(2  H&&N(H).1>)5#, 1 .-C.SKC. L+ (5857. , 55, DST+(Ts/CHH?) -7J56.42"
h$-1, U87+, - $+-57C. JB4 (02, 58 O DS (/7-4-7-, 58hs (., $ (85C3-)57.2H, ) 7(8-)3D, 7, . H-)-) 8
(//,B1Q)/ ,SCO/CHH?)-7J57, /+) CAC*J3X, b<8M(D-$, T8(R8iC) , 58, TS (hie* i

o G, +(214==-#=-43)"1 : 53 (("E,B/CHH?)-13§7, /+) CIC* I H?5TSF , $F2-§T5C)$ TCBS
C88,Q-57-)*$B. (/7-/,585C8T+(18H , HF, .58/ (S . ,835C)$ , Q-57-) *$+ (F-12 (B (/7-C) 55X /618
S(/CY=()DST )™, -8, TB(H=BF278(85C85, /1-C ) $=i=i=5F , 6CKYis

o 1-"3)+(2131 1 H&&MN(H).1Q " 3$H(ISCTHS(/CY=<SODST ,)*, .5, B(A=SBC-)SC2T7+,§
-HBC.7()/,$ C8 (8 T/CHH?)-135 F, (/CYUs hs ()8 C2T*C-)*$ /+()) ., 08 T+(75 . ,60, /75
JCHH?)-1J5 (/1-4-138 (OD§ ,7+C58 7C5 FCT+$ H,HF,.5 (OD$ )C):H, HF, .50 74725
6(/-6-1(7-)*$ T8, *-1-H(7,$ B, .-B+, . (B B(.7-/-B(7-C)$ X* " IYUS * * 15 -58-)57.2H, )7 (8 7CS
D.(K$)9) , K$H, HF, .50

>7.7+, 4D, 7(15/ OSF , $6C2) D-)ILE8% , H(.CA-/3()DS%is™ () *+,-) .-/+BTpC?.$Bi(/,5C.5H-) , [$
h$ 2C)),/1-)* /CHH?)-T-,5¢ ()D$§ B?F-/$ Bi(/, 58 7+.C?*+8) , 7TKC. L, D§ B?Fi-/$ D-5B3(JI505 -)S
1.FQO$E)T,.)  BCHE+)*5hSECK (D58 1.C*. (HH (F6,5g, (6:7-H,$2-7-, 56X 1 .F()#PES <898V
T C.L5+CBS (75 7+,§ <)D§ #)705 2C)6,.,)/,$ CY$ 7+,§ £)7,.),75 C68 E+-)*55 XsPE<898Y$ ()DS
%, H(.C4-/1§ 1U§ ECK(.D55 1)/C4,.-)*$ >(/1C.5 1+(75 £)6i,)/,$ ODCBI-C)S$ C6§ 1 ,7KC. L, DS
12Fi-/§ 3-5Bi(J58 K-7+-)§ 2CHH?)-1-, 5508 £)I§ F2#:= 115 2-F4 <89=8 J C.L5+CBS C)§ F2H()$
2CHB?7, .$)7, . (/1-C)$%C .SE+-.DSNE(/, 516<89=is

HBHBH!R#7 "E+ (2! : #& &% (%) . IK-3$)+$ " , |

J -7+ (B8, T+C. (SCB (0. , (DS, Q-57-)*$-)6C. H (7-C)$ O DS/CHH?) -/ (1-C)$7, /+) CIC*- , 5sX42E5Y8
52/+5 (55 , H(-0l5 5C/-(8 ), 7KC.L-)*$ 5, .4-/,50 C.§ -)57()78 H,55(*-)*(§ 7+, -D, (§ C6§ 25-)*$
),7KC.L,Ds B?Fi-/§ D-5BA(J58 7CS 5?BBC. TS §C/ (B /CHH?)-7-,55 +(5 7C F,$ 5,,)% (58 (S
8*A)*+§ 5 &*.§ 7C3 7+,5 ,Q-57-)* 5,75 C6 D,4-/,5 (ODS 5,.4-/,58 T .$ -)4,57-*(7,D§ 7+,5,}
J+(80,)*,587+.C2*+§ (85, .-, 53 CE5T(L , +CiD, .$-)7, .4-, KB O DSC)i-) ,$52.4, ISS6CHCK-) *§ ()
X(FF.,4-(7,DYs /CHH?)-/(1-4,5 ,/CIC*J5 (BB.C(/+$ X%,H(.C4-/8 .75 (i <89</Y§ O
T/CHH?)-/(7-4,$ ,/CiC*JUs -5% (§ /C)/, BT (8 HCD, i 25,5 -)§ H, D-($ ()D$ /CHH?) -/ (7-C) 5
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16 See Pickering, J. M., and King, J. L. (1995) Hardwiring weak ties: Interorganizational computer-mediated
communication, occupational communities, and organizational change. Organization Science, 6(4), 479-486.

17 See McCarthy, J.F. Farnham, D.S., Patel, Y., Ahuja, S., Norman, D., Hazlewood, W.R., and Lind, J. (2009)
Supporting community in third places with situated social software. In Proc of C&T’09, ACM, 225-234.

18 See Izadi, S., Fitzpatrick, G., Rodden, T., Brignull, H., Rogers, Y., and Lindley, S. (2005) The iterative design
and study of a large display for shared and sociable spaces. In Proc. of DUX’05, AIGA: American Institute of
Graphic Arts

19 See Jones, M., Harwood, W., Bainbridge, D., Buchanan, G., Frohlich, D., Rachovides, D., Frank, M., and
Lalmas, M. (2008) “Narrowcast yourself": designing for community storytelling in a rural Indian context.
Proc.of DIS 2008, ACM, 369-378.

20 See Bacon, J. (2009) The Art of Community: Building the new age of participation. O’Reilly Media Inc,
Sebastopol, CA, USA.

21 See Wenger, E., White, N. and Smith, J. (2009) Digital Habitats — Stewarding Technology For Communities,
CPsquare Press

22 Bacon, op. cit

2 Wenger et al., op. cit




5, (/48 1CS .,B.,5,)T T+,8 1,/+)-/(&% 5C/-(68 ()DS D-5/2.5-4,8 /C)T,Q758 -)§ K+-/+$
JCHH?)-/(1-C)$B.C/,55,5C/ /2. 1=$P? .4-)5-*+758/ ()SF , $5?HH (.M, DS(S6CHCK5I

o ZE3-4).1#UI$53(CE ,#%-$" 18K ,$)CT-/,D§ ($5-*)-6-/ () T8D-66, ., )/ ,$-)$B, ./, BI-C)S
QDS(//,B1()/,5C8-)6C. H(7-CYSF (5, DSC)$-7585C 2./ , Shs-687+-58-55 (/L-) *18-)6C.. H (7-C)$
.,/-B-,)758/())CTSB.CB, .635(55, 557+ ,8-HBC.7()/ ,$CH (SBCHT-) *§T+256CK , .-) *§7+
-)6C. H(7-CYN? (6-7J5C8(SH , D-2His

o @"=3-3)+#(#0!-"3E&, I8 ($5-H-§(.8/C)625-C)$57, H586. CHSH-Q-) *$B. C6, 55-C) (65X, *108
KC.L:.,0(7,D$C.$Co6-/-(82)-4, .5-138())C?)/ ,H, )15V K-T+$B, .5C) (88/C) 7, ) 78X, i
?5,.8/C)1.-F?7,D$,4,)75Yshs-D, (88I6D-66, . , ) 7$(BBE-/ (7-C)58XT/+()) , i5UY$ (BICKS6C .5 (8
/1, (.$ D-57-)/1-C)$ 6C.§ FCT+§ BC57-)*$ ()D§ /C)5?H-)*$ -)6C.H(7-C)$ 6C.§ ()D§ 6.CHS
D-66, ., )75 , (BH5H

o @%==#-)!GH-1+(GH#-&3)HH(1 7+,$#0" - 1§ B2Fi-/$ D-5B3(J55 (. , 88,558 B. ,/-5,§ K+,)§-T8
JCH ,5§1C3(?D-, )/ ,$7(.* , 1-) *$hsT+-535+C2iDSF , SH (D, $O)$(55, T8CET+, 5357, HIS. (7+, .$
7+0$ (¢ D.(KF(/LK FJ§ ,)/C?.(*)*$ 5,.,)D-B-1C?5% -)6C. H(7-C)$ D-5/C4, .35 (DS
-HBi-/-T$(DD. ,55-) *$X,, (%I 25-) *$F (D* , 587C$-D , ) 7-638/C) 7, )75 , 6,4 186C.$ 8/, .7(-)$
JCHH?)-73Vi8

o @%==H#-)! GH-1 ="-&"3<4+) 1§ 577DJ5 B(.T-/-B() 75 5+CK , D§ 5-*)-6-/ )T -)7, . , 575 -)S8
5?BBC.7-)*$/.C55:/CHH?)-138-)6C. H(7-C)$ 5+ (.-)*0§ , i*1l§ 7CS B.CHCT, § C86:/ (HB 255
L4,)TC)82)-4, 51385/ ., ) BS(SSK , Bi8(582) -4, .5-138, 4, ) TSCYDCK ) CK )5/ ., , ) 5is

>7.7+, 4D, 7855/ S F,$6C?)D§-)I8 18 %, H (. CA-/B5%(8 = () *+,-) .-/+B VIS g ?F , *)-5 01§ 3 (4-Dl§
ODS #§ Vi+(.T6 T3,5-*)-)* T-)7,.(/7-)*$ Bi(/,50 6C.§ (§ 57?7D,)7 /CHH?)-138 25-)*5 (%
JCHH?)-/(1-4,8,/CIC*J5(BB.C(/+5-)$1.C/, ,D-)*56C87+,8997+$#)7, .) (7-C) (§2C)6, ., )/, $
C)$%CF-§,$()D$ 1 F-\?-7C?58%747-H , D- (81, K$pC. L1 L pls 1 "0l <89<§BBIS_=I9h_=I98 $ 3P#ms
+77BlccDQIDC-C. *c98I99_Ge<_8°=";i<_8~_<8§

HBUI@$5 " 7%E+ (2!

~.C?B-)*$7+,$5-Q8D-H, )5-C) 5 C85-72(7,D) , 558D, 5/.-F , D$-)$5, /7-C)$ =98 K ,$ /()$-D,, ) 7-68
7+., SH(-)$/C)1.CHEC?./, 56C.35/+, D26-) *Is

9F 10 (" -1=-"6"-"($",T(DH-)I5/CB, UVIS($5/+, D28-)*$ (. /+-7,/12. ,$H?5T8F, $(Fi, $7C8
*-4,§CK), .5cCB, . (1C.5$ /C)7.Ci§ C4, .$ /C)T, )T -)$ B(.1-/20(.$ K+,)$ -T§ /CH , 58 7C§
CB,)-)*$ ?B§ 7+,8 D-5Bi(JS 6C.8 ?5,.5 /C)T.-F?7,D8 /C)7,)7% ODs -)7,.(/1-4,
(BBG-/(1-C)5i

<k M, ==l =="6"="($",$ XT/CHH?)-TUS T(/7-4-73UNI5 FJ$ (BICK-)*$ 25, .58 7C$ -)6i2, )/, $
(BBE-/(7-C)$ (OD$ /C)7,)7 5/+,D26-)*% /C)1,)7% .,0,40)/,5 X(OD$ 7+25 25, .8
5(7-56(/1-C)¥s-)/. , (5,58 E+-55C88/C.5,5 . ,\?-., 58 (BB.CB.-(7,$-)B?27/+()) , i586C.$
25, $1C$B.C4-D, $52/+8-)7, ., 5755 DSB.. .6, ., )/, 568

=i *t+,=E3.1,9)%3)+#(SXTIC/(1-C)$5/CB,, USTSB(7-(B8BE(/, H, ) TUS () DSTBI(/,$-D, ) 7-7IUYIS
(55C/ (1-C)8/ O%-)68?, )/, $+CKS?5, .58, ./, -4, 5() D§?5, $B2Fi-/$D-5B3(J567+,5,5) , , DS
1CSF,$(F3,87C8T2)D, .57Q) DUST+, -.$/C) 7, Q1) DSB..C4-D, $H , /+() -5HE$C .$-) 7, *. (7-) *$
7+-58-)7C87+,$B.C/ , 554C68(BBI-/ (7-C)$5/+ , D?i-) *1s

P),+HBC.7()85C?./,%C.85/+,D2i-) *8+CK , 4, .8-55H-55-) *6.CHST+,5,$D-H , ) 5-C) 518
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% See Foth, M., and Hearn, G. (2007) Networked Individualism of Urban Residents: Discovering the
Communicative Ecology in Inner-City Apartment Complexes. Information, Comm. & Society, 10, 5, 749-772




b #Q) " Q! 303315 058 C2.§ -)5-*+75 -)7C8 T/C)7,)78 5/(./-13Us +(58 5+CK)
5/+,D20-)* K- HC.,C4, .§ F,§ 2)-\?,0J5 /+(8,)*,D$ FJ§ TKC.L-)*$ K-T+$ K+ (7158
(ACA(FD, U F(4-)*5 , (535 -HBC.78 ()D$ 5+(.-)*$ 6(/-i-1-,58 7+(7 H(L,$ -75 5-HB4, § 1C8
)B(.*,87+,85/CB,§ C6s (4(-0(Fi,$ /C)7,) 7 (ODCC.$ (BBi-/(7-C)58 -55 /. 2/-(86 (55 (.,
B.CB, .$(3*C.-T+H5$7C$SHCCT+iISFd, )DB. , H-QBQDS. , /3/8,$,Q-57-)*$/C) 7, ) s

EC$B.CB, .iJ$/CHF-) ,§7+,5,85C?./, 58 (55/+,D?28-) *1557, HS) , , DSSICSF (i) /,$7+. , ,$D-57-) /78
5/+,D?6-)*iB+(5, 5l

o 6#(2V)"-&! 3==E+$3)+# (! ,$5" TUEH(2IS ECS (D 7+,$/C*)-1-4,85/+,D2i-)*$ B.C/, 550
CK),.5()DSCB, . (IC.58) , , DSTCSF , § (Fi,$7C8D, 6-) ,$+-*+:0, 4, A8IC) *:7, . HE*C (855 ) DS
C\?-. H, )50 527+ (58 (4(-I(F8,$ /C)T,)75 (DS (BBE-/(7-C)$ 5C2.7,58 ()D§ 7+,-.4
(ACAF--TI5 X, 108 H(Q-H?HCH-)-H?HS$ ) ?HF, .$ C6 , QBC5?. , 51 6-Q, DS C.§ FiC/L , DS
7-H , 5$CED (Vi

o CQU3==I$#()" !, $5" 7%EH(215 OBBI-/(1-C)5852/+5 (58) , K58 (BB5SC.S K., (7+, .$ (BBSS
K-8 F,$ (F8,87C8 (D(BTS 7+, -.8 (/72 (8/C)7, )T 7C$ ($ D-5BA(II5$6C) *:$ (O D§ 5+C.7:7, . H$
5-72(7-C)8 52/+% (5% -158 1C/(7-C)$ C.§ T+,8 5,78 CB 4-, K, .58 -)7, . (/7-)*$ K-T+§ -8 C.$
BC7,)7-(§J5CF5, .4-)*$-Ti§

o @5#-)V)"-&!I3==E+$3)+# (I$#&=#,+)+# (IKE+,$DI) (H-/$/CHBC5-7-C)$CH (BBS5S(/ . C558
(¢¢5/.,,)8 /8 BCT,)7-(0635 F,$ +-*+03$ -)7, . (/7-4,08 /CHF-)-)*$ FCT+$ -)7, . (/71(F§,$
/C)7,)T8 X, b8 (8 /8-/L(FB,$ H(BYS K-7+§ TH?57:5+CKUS /C)7,) 78 X, %8 ()8 -HBC.7() T8
0O)C?2)/,H ). ,5CH?7-C)$CHH-) 27, 518-68) C785, /CYDSBE+-55. , \?-. , 55(8/ (. , 6288
7.(D,:C868F, 7K, ,)$57(F0,) , 558 X6C.§-)7, . (/7-4-13¥§ QDS 6. ,5+) ,556 X6C.§C):D, H(O DS
/C)7,)T$B.CA-5-C)-)*Vis

>CHCK-)*$)CT(7-C)$?5, Di-)$5/+, D26-) *$7+, C. IS (85/+, D26-) *$B. CFi, H$-)ICB, )IB, .4(5-4,§
D-5B§(J5) , TKC.L5/ OSF 3D, 6-) , DS(55(57.-BA, 78

TSusvSudws
e K+,.,5t8D,5/.-F,587+,$D-5B(JS, )4-.CYH, )OO DsT+,85/., )., (B:,57(7,5D-4-5-C)§

e K+,.,8V$B.CA4-D,58-)6C. H(7-C)$ (FC?75 (BBE-/(1-C)5$ TCS F,$5/+,D23, DS /C)57. (-) 756
(FC?75 (BBi-/(7-C)$ B.,5,)7(7-C)$ 7-H, 50 ()D§ (55C/-(7-C)5% C§ (BBi-/(7-C)58 K-7+$
D-5B3(J5$() DSD-5BA(JS. , *-C)58() DS

o K+,.,9D,5/.-F, 57+, 8+, 2.-57-/8. 23, 557+(7D, 6-) ,§7+,5C4, . (BD-5BI(ISF , + (4-C2.88

>C.$,Q(HBE, (5 (87.-B0, 75X BoSus (s (< (15 ( $15""#gP 1gVV%S$YsKC?IDSD, 5/.-F,$ (§5/+,D26-)*$
B..CF, HSC8$ (BC/ (7-)*$6C2.$ (BBE-/ (7-C)55C)$ ($5-)*1,§ D-5BI(Js-)$7+,85™ , .4-/,$#)$ g (DDCHS
P.D, .$X"#gPYs$6(5+-C)SQODSK-T+B. , 1, HBT-4,§F , +(4-C?.8¥4, l§+-*+, .:B.-C.-T3/C)7,) B/ S
C4,..-D,Yis

>7.7+, 4D, 7(-58/ (S, $6C2) Ds- ) ISHS Vi+ (. T %18 * O *+,-) .-/+5 L3 (4-, 50 (DS gisjCEKETH , I8
2+(f,)*,55 -)$ OBBE-/(7-C)s (OD$ 2C)7,)7 "/+,D28-)*s 6C.5 PB,)S 1,.4(5-4,5 3-5Bi(J
1,7KC.L5WS] C.L:-):1.C*. 55", 55-C)BODI?) /751 .C/, ,D-)*581 , . 2CHI9=0{<89=1s

HBX! - # ($E%, +#(,!
"72(7-)*$ (§ D-5BE(I8 -)$ <755 , )4-.CYH, ) T(B (OD$ 5C/- (88 ,)4-.CYH, )T 6C. H58 7+,5 F(5-55 6C.$
,)52.-)*$7+,§ (BB.CB.-(7,) ,555C8 /C)7, ) 78-)§ FCT+§6-Q, D§ () D$ DI) (H-/55-72 (7-C) 516 #)$ C2..§
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%5 See, e.g., M. L. Pinedo (2008) Scheduling: Theory, algorithms, and systems. 3" edition, Springer
!#"




-)4,57-*(1-C)50 K ,$ (BB.C(/+, D8 7+-58 (5B, /7§ FCT+§ K-T+$ 57(L, +CiD, .§-)7, .4-, K58 (OD§ 7+, $
CF5, .4(7-C)SCo8(/72 (8B (/7 , 588

7 .5D,)7-6-, D$5-Q8/C. ,$D-H , )5-C)56C685-72 (7, D) , 558hs(DH-)-57. (7-4.,$5/CB,, §iC/ (7-C)$5/CB,
Bi(/,$-D,)7-7385B(7-(8Bi(/ , H , ) T51(/7-4-18() DS/CHH?) -7I8hSK +-/+$+ ,iBS57.2/72 .-) *§7+,§
O (835-55CE7+,8D, 5-*)$5B(/, 563 (K-)*5C)$(/7? (BCF5, . 4, D§?5 , SCHFCT+$D-*-7(8D-5B8 (IS8 () DS
O(IC*2,$)CT1-/,5 (., (58 K,$D, .-4,D$ (§ 5,75 C& B. (/7-/(i$ *?-D,§-) ,55 6C.5 7+,$ D, 5-%)§ () D$
D, 4,6CBH, )75CE5-72(7, DICB , )$D-5B3(J5(s

7.5B,.6C.H,Ds 8(.*,5 .()*, 8 CB 572D-,58 C)§ 7+,8 BCT, ) 7-(8 25,8 () DS 6-75 C5 CB,, )$ B2Fi-/
D-5Bi(J5 6C.5 /CHH?)-7-,58 h§ ,)?H,.(7-)* /CHH?)-138 ), , D515 -D, ) 7-63-)*$ /CHH?)-7J
JCHH?)-/(1-C)$B. (/1-/ ,58() DSHCD , §-)*$/CHH?)-18, )* (*, H, ) 78(.C?) DSD-5B3 (I51

>-) (8308 K,$ D, KS$ ?B§ 5C?.7,5 7+(7 /()$ F,$ 25,D8 7C$ D, 5-*)$ 5/+,D28-)*$ -)7, .6(/, 5 (DS
(*C.-T+H$ 7C5 ,)5?.,8 7+,8 T(BB.CB.-(7,) ,55 C8 /C)7,)75 -)$ FCT+ 6-Q,D$ ()DS DI) (H-/5
5-12(7-C)BUBE+-55) , , DSTCS52BBC. SH247-Bi, $5/+ , D24-)*5C 2./, 55+ (55+, (4-138-)6i2, )/, DIC.$
(./+-7,/12 . (BKC.LS. ,BC.7,D8-)5] 8<SODST 1_isS

$
§ $



UBIM, "-10() " ~63$" , I6#-1P ") I #-; " 7/K"-03,+0"1""+,=f3_ !

FCKSICY ., (7,8GBC5-7-4,8Q)DS, ) *(*-)*$25, .5,0B, .-, )/, 5K+, )8)7, . (/1) *$K-T+8) ,TKC..L, D§
D-5Bi( 85357, HESK (55 (§H (NC.$6C/ 258 (., (§7+.CP*+C2757+,8B.CN, /T84)$C.5. .5, (./+$ O DE-)$
B(.7-/28(.15-)8 7+,$ , HB-.-/( KC.L§ ()D§ 7+.C2*+§572D-, 50 K ,$ , QBIC. , D$ 7+,$62) D(H, )7 (8
J+(80,)%, 587+ (75 (..,$ . ,0(7,D$ 7C5 25, .$-)7, .6¢/, 586C.) , TKC.L,D$ B, .4(5-4,$ D-5Bi(JI5H8 15, .$
7, .6(/,$QD8-)7, . (/1-C)8/C)/,BISS (. 8. ,\?-. , DS6C. (B 7+, §H (-)$57(L , +CiD, .55-)4Ci4, DI
7+,8(?D-,)/,[§7+,5/C)7,)1$B.CA-D, .§7+,5(BBi-/(7-C)$/. , (IC.cB.CA-D, .5 ) D§T+,5CK) , .§CES
7+,$D-5Bi(J5$C.$C87+,852. .C?)D-)*$5B(/, BE+,$,55, ) 7-(8/+(8, ) *,$-57C52)D, .57 D§ 7+, §
D-66,.,)75 ., \?-., H, )75 ()Ds *C (656 ()D$ B.C4-D,$ *?-D()/,$6C.$ D, 4,0CB, .58 T+(78 7(L,$ (4
O*1,5¢-)7C3(//C2)is

UBAIM, * -ID-#%=,13(7'@)3; "5#E7"-,!

#)87+-585, /7-C) 8K, SF .-, 6135-)7.CD?/, §7+,857(L, +CiD, .55 () D§ 25, .58 7+(T (., , 1, 4 T8-)§7+,§
/C)7,Q18C8B2F-/35/. , )5 (DB, .4(5-4,$D-5B3(J5) , TKC . L5OGis* .C?2B5S (. ,$/C)5-D, . , DS (58
25, .58()DIC. 5, (/+5*.CPBS*C (@516, (.58()D-)/,)7-4, 58K, . ,$(55,55, Ds() DSD-5/255, Ds-)$C?..$
.5, (JHSE+,$%., (18D-66-/ 267357+ (75 (.5, 58-58 7+ (757+,5, 8% .C?B5S+(4,$D-66, . , ) S*C (508 () DS
7+(%5. ,/CHH,)D(7-C)58()D§*2-D, §-) , SHP5TSF .-D* , §7+,§* (BSSF, TK , , )§7+,4D-66, . , ) T$*C (6518

UBABAIA%7+" ($°!

£)5C?2.5.,5, (/+(D8-)$B.-C.SKC. L§T+,5(?D-, )/, $-5(187+,8/, ) 7., 8K+, )8/, (I-) *$($BC5-7-4,§
25,.3,0B, .-,)/,36C.SB?Fi-/SD-5Bi(JSLE+,$(?D-, )/, $-58/+(. (/7, .-M, DS (5$BCT, ) 1-(§25, . 55CES
7+,$5357, HS T+(75 (., -)$ B.CQ-H-7J4 C8 7+, D-5BA(J5 E+,$ (?D-,)/,§ -5 D-4, .5, 08 -) /i?D-)*$
B,CBI,$ K+C$ (.,§ (/1-4,8385, ,L-)*$ -)6C. H(7-C)$ C)$ (§ B?Fi-/$ D-5BA(JS (5 K, 0% (55 B, CBi, $
+2..3)FIODSCT, 4,)/CY5-D, ) )7, . (/1-) *$K-T+7+,$D-5BE(IKOFTI<89=Vis

7 .8/C)D2/7,D85-*)-6-/ ) T5. .5, (/+8-)1C§T+ K (JST+(T87+,8/C) 4, .5-C)$6.CHSB (55, . :FIS()DS
FJ:57QD, $1C8(/1-4,825, .8/ OSF,$(/+-, 4, Dish

UBABFIL I ("-13(7147 &+(+,)-3)#-!

§)$C2.8-)-1-(8 , 7+)C*. (B+-/SKC.LS-18F, /(H,$ (BB(. , ) s T+(7 D-5BI(JSCK) , .50 B, CBE, § K+C$
+(4,5 . ,5BC)5-F-1-1386C.§ T+,$5B(/,§ K+, ., 7+, D-5BA(J58 (. ,$ 6C?)Dis ()D§ (DH-)-57. (7C.50
B, CBA, SK+CST(L,$/(. ,SC87+,8D-5BA(ISTCS, )52. ,§-T55CB,, . (7-C) (B (4 (H(F-4-7J8( . ,-HBC.7() T8
25, .4%.C?B5S(5IK , B5XOITS, T8 (BN<899YIS)ISCH ,-)57()/, 557+, 5, TKC352) /7-CY58( . , SK-T+C) , §
B, .5C)$X, 1*Us (SB2FS.2))-)*$ () , 7TKC.L, DSD-5B4(IYS2C)5-D, .-y *$6(.*,$5/ (3, $-)57(8(7-C) 58
X, <08(8) , TKC..L, DSD-5B(J85357, HS-)8/+(-)$51C. , 557+, 5,862) /7-C)58(. ,$5,B(. (7, DSF, 7K, , )$
5,4, . (§-)D-4-D? (658

P?.46-)D-)*585+CKS 7+ (75 CK), .56 ()D$ (DH-)-57. (7C.58 (. ,§ (5 /.-1-/ (6 *.C?BS C8§ 25, .56 7+ (7
D,7,.H-),$K+,7+, .$C.$)CT8557, H58 (. ,$52//,55628J5D , BICJ, DEE+, - .§H (-)SKC. . J§-55 K7+
-, *(.DSTCST+, $ (A (A(F--138Co852-T(F8,8/C) T, ) TS (58K, B8 (557+, S-HB(/T57+(T8X25, .§*, ), . (7, D8
/CYT)TSK-+(4,5C)87+,-.8, )4-.CYH, )T >C.§ T+-58*.C?BS H , /+() -5HI§ (BBI-/(7-C)5$ () DS
-)7, .6(/,55+CiDSF,$B.CA4-D, D§T+(7$, HBCK , .87+, H$7C$,Q, ./-5,8/C)7.CiC4, .§7+, -.$D-5Bi (I
5357, His

UBABHIA==F:$3)# (1" " 0" E#t="-13(7! - # ()" (! 2 - "3)#-!

2C)7,)7 BI(JI55 (¢ H(IC.§ .Cd,$ -)$ D-5BA(J:C.-,)7,Ds 5357, H5i E+.C?*+C?75 7+,5 B.CN, /75 -T§
F,/(H, 88, (STHBHL-)*T+,5/ ., (1-C)SODI5+(.-) S$C8/C) T, ) T8, (5I86C.525, .55-55 (5L, JTCH(S
*CCD$?5,.5,0B, .-, )/, 18 V5(F--TIs K-T+§7+-55 ., *(.D$/C4, .55 (5. ()*,$C8-55? , 55P)SC) ,$5-D, §
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74-58-)/i?D, 585-HBA,$ H , ()5$6C.$ ?BIC(D-) *$5BC) 7() , C?58J5/(BT?. , D§ H , D- (5 X, 1*iis 6. CHS (§
HCF-§,5D,4-/,Y§P)$7+,8CT+, .$5-D,§7+-55 (§5C5 . , \?-. ,5$BCK, .62 F275) , 4, .7+, 8, 55% , (5-6J5
2)D, .57()D(Fi,$ (BBE-/(7-C)$ B.C*.(HH,.$ -)7,.6(/,58 ()D$ 5CB+-57-/(7,Ds 6C.H (755 6C.$
7, .(/1-4,5/C)7,) T8 DS(BBE-/ (7-C)5i6

7 -7+$(85, TSCEIB. CTCTIB-/ (5057, H55D , BIC , DSK , 8-D , ) 7-6-, DS (85, 5C68-552 , 557+(78) , , DSTCSF, §
(DD. ,55,D5-)$5?2// ,5562885Ci?7-C) 5i5#)$B (. 7-/28(.§-18-58 , 55, ) T-(B7CIB.C4-D, §7+,§H, () 5$6C.§
/C)7,)TB.CA-5-C)$6C.SD-66, ., )T87(.*, 76*.C?B5$ ()DSTCS, ) (Fh, $-) D-4-D2 (I5$7CF.-) *$/C)7, ) T8
1C87+,85/., , )SK-T+C2T87+, 5+, BSCEICT+, .5B0§*CCDSHCD, 8, ) (Fi, 5 I/C)T, )8/ ., (1C.8X, b*is
($B?B-8-)$5/+CCl K+CS K ()75 7CD-5BI(JS 7+, -.$B(-)7-)*$ (5$ K., i8S (58 )8 (BBSD, 4, CB,, . $7CS
F.)*$7+,-.8/C)7,)TSC)8T+,85/., ,)587+, BK O TTCs+(4,57+,-.8/C) 7, ) SCY B E+-585+C 26D, §
5-H-3(§7C3(57. (D-7-C) ($) C7-/ , SFC (. DISK+, .,$(DD-)*$/C)7,)8DC, 58) CT5. , \?-. ,$, Q7. (S5L-5054s$

UBFIM(7"-,)3(7+(21)5"14%7+" ($13(71)5 "1 :#() " 2)#6IC() " -3$) (!

#)87+-585, /7-C)SK,$B. , 5, ) 18 (55, T8C86?)D(H, )7 (886-) D-) *58 () DSD , 5-*)$-HBi-/ (7-C) 556C. 57+, §
5+(.,D§?5, $CEB2Fi-/$D-5BI(IS5B(/, BE+, 5, 5. ,524758(. , 5. , BC.7, D§-)§7+,§7+, 5-55C6>4C .- () $06708
C),$C87+,5.,5, (./+, .58-)$7+,8B.CN, /T K+C$ /C)5CH-D(7, D§ 7+, $62)D(H, )7(886-) D-) *55 7+(7$
L 0@7,87C8 )7, . (/1-C)8 -)$ +-58 1+3§ D-55, .7(7-C)$ XD,6,)D,Ds -)$ 3,7, HF, .§ <BI<YS #)$ C2.$
,0B,.-H,)7(8 KC.LSK,$D-5/C4, ., Ds 7+., ,§ H(NC.$ , 66, /7518 5K , , 7§ 5BCTIS A()D-) *$ MC) , (§ () DS
+C),JBCTS , 66, /75 6C.§ D-5BG(I5H E+, 5,5 6-)D-)*58 K , . ,§ BPFG-5+,D§ -)§ X%xGi, .8 , 75 (6l <8<
K+-/+5.,/,-4,DSGF , 515 (B, .$(K (.DIgS

TI)D, .57()D-)*$+CKSsT+,5(?D-, )/ ,5F , +(4,55(.C?) DSB2F{-/3D-5BA(JI5H. , 524755CHC?.$572D- , 58
C)$(?D-,)/ $F,+(4-C2.5. 4, (B (55, T5CE-)7, ., 57-)*$, 66, /75852/+§ (557+, 85K, , TS5BCTSC.§7+,§
()D-)*$ MC),[§ ()D$ B.CA4-D,D$ () -):D,B7+§ 2)D, .57()D-)*$ C8 7+,5 +C) , IBCTS , 66, /75 (DD
Y7, . (/1-0)$K-T+-)S O DSF, 7K, , )§*.C?B5IBE+-5 (MCKS5S . , 5, (./+, .57C8/+CC5,$ (BB.CB.-(7,
iC/(7-C)58()DS/C) T, ) TH6C. 87+ , - .$D-5Bi(I5IUSKOFTIS<B=1$BIOOYS

E+,$5-72(7,D8) (72. , $CBD-5BA(I5H5, , 85, /7-C)$=YS() DST+,857.C) *-HB(/TSCET+, 8, )4-.CYH, ) T8
OD$5?2. .C?)D-)*8-)§K+-/+§ ($D-5B3(JS-58B6(/, DS (. , 5L, IS7CS (85277 , 55628B , . 4(5-4 , $D-5B3(J
5357, HIS#)$B(.7-/28(.1%7+,5.C8,$C68 (BB.CB.-(7,/C)7,)T8/C) T, ) §7+(75-585C?./ , D§6. CHS T+, §
JCHH?)-138 () D§7+,$5-72(7,D) ,558C6/C) 7, ) 78-587, ) 7. (B O DS/ O$F ,$-HB (/7, DSF I 7+, $ K (I8
)7, .(/1-C)$6C.§D-5B3(I58-58D, 5-*) , D§ ()D§-HBE, H, )7, DB E+, $6CHCK-)*3 ., /ICHH, )D(7-C)S
ACCLS5S(7SD-66, ., )TS(5B,, /755() DSB.CA-D, 5¢+-*+:0, 4, 852** , 57-C) 58

TE+,$/,)7.(8D,5-*)$ . ,/CHH,)D(I-C)$-57Cs7(L ,$7+,$/C)7, QT8 C6 ($BCT, ) 7- (4 D-5B5(Js-) 7CS
(//C?)T057+,5B,CBY, $0-L, 038 TCSB(558 FIT+,8) , -*+FC?.+CCD§ (DS /CHH?)-735-)§ K +-/+5 7+, §
D-5B§(J5-585-72 (7, DIS() DST+, D-5BE(JICK) , .50, QB , /7(7-CYBSK-T+3. , *(.DSTCS/C)7, ) TisS , IC) D
74586, Q-F8,8/C)7, )78/, (-CYB/C) T, ) SBC57-) *B()DS/C) 7, ) 8/C)T.CH(. ,$/,)T. (BICI(HCKS (S
F.C(D$ 5,7 C68 B, CBE,$ 5-)*$ -7i8 ECS -)/., (5,8 T+,$ ,66,/7-4,) ,55 C6$ BC57,D§ /C)7, )76 -7 -5
"HBC.7()7+(184-, K., .+ (4,$H , () SSTCST (L, §7+,8-)6C. H(T-CYSK-T+§T+, HSh§T+. C2*+§B+J5-/ (88
7CL,)55C.$D-*-7(§7, /+) CIC* JUSXOiTIs<89=1$BIO98YS

S(5,D8C)$C?.8 ,HB-.-/ (8 KC.L$-)$ 13: LVES K ,$ +(4,8-D, )7-6-, D8 D, 5-*)$ -HBi-/(7-C) 5 () D
52%% 57, D§%2-D, ) , SSK-+-/+3( . ,$-)-T- (5B 2Fi-5+ , DS-)$XOGTS , 78 (4ils<899Y$ () D$/C)5Ci-D(7, DS
-)SXORTIS<89=0BIH ; Ysis#)$7+,$6CHCK-)*$5, /7-CYSK ,§C276-) ,§7+,5,56-)D-) *586C D , 7(-i508B4, (5, §
5, ,§7+,5..6,.,)/,DiDC/?H , ) 58

o U3-Th#I<T, =S84, ), -/$D-5BI(I5S () DST+, $52BBC. TSCE (SK-D, §. () *, $C6 25, 58-58
1,/+)-/ (8038 , (58 7C$ ., (8-M,D$ C)/,$ D-5B(J58 (. ,$ D-*-7(8s QDS ), 7TKC.L,Dis >.CHS$ (§
7,/+)-/ (8B, .5B,/7-4 ,§7+-5868, Q-F-§-738-584 (§? , Das +CK , 4, .08-78-58-HBC.7() 187+ (757+-5§
/(..-,58 (8 .-5L86.CHS 7+,8-)7, .(/7-C)$ B, .5B, /7-4,(§ -6 25, D8 K.C)*§Ji§ ] ,$57.C)*4J$
.,/CHH ,)DSTCSD, 5-*)$ () DS-HBG, H , ) 78D-5B§(I5$6C .58, /-6-/825, 508 (§5B , /-6-/8* .C?B§
C6$25, .58()DSTCS5?2BBC. 8B (. 7-/20( .$5-7? (7-C) 58D DST(5L58S ) (. . CK-) *$7+,$6C/ 258-78

18"



F,/CH,5%, (5-, .STCSHO) (*,$25, .$,QB, /1(7-C) 58O DSTCS/ . , (7,85357, H5ST+(T5(. .8, (538
7C525,8() DSK+-/+5C66, .$(#CCD$?5, .$,QB,, .-, )/, 8

Z0) (8 12F-/8D-5B3(J55 (. ,$-) , 4-T(FiJ$-)57(B(T-C)587+(78 (. ,$BI(/, D§-)$ (§5B , /-6-/5
B+J5-/( ,)4-.C)H,)T C.§ 572(7-C) E+,5 ,)4-.C)H,)T OD§ 7+,8 K-D,.$
),-*+FC?.+CCD§ -)$ K+-/+§ (§ D-5BI(J$ -56 Bi(/,$ ),,D58 7C8 F,§ .,5B,/7,Di8 .5
.,/CHH,)D$ 7+(7$ /C)7,)78 () D$ (BBS-/(1-C)55 C)$ B2Fi-/$ D-5BA(JI5H8 (55 K, i (58 7+,
(BB, (.()/,§C8 7+,§ D-5B3(JS ()DS 7+, CB6, . , DS H, ()58 6C.5-)7, . (/7-C)$ 6-78 -) 7CS 7+, 8
572 (7-C)$ )8 K+-/+§ T+, 35 (. ,$ BE(/, Di§ 6 D-5B§(J5$ DCS YCT8 6-78 -)§ K-T+§ 7+,8 25, .55
,0B,/1(1-CY5H7+, . ,§-587+,8 .-5LS T+ (TS B(55, .5:FIS K-GiS-*)C. , 87+, HS T+ (7874, J5+(4,§
0-173,8, 66, /718

Qh==t-)) =-4035. 1 =, "~0+ (2! =-HEHE+(28 E+.CP4+C2T T+ ,5 B.CLL /T 74,5 7,)5-C)s
F,7K,,)$B, .5C) (G-M(7-C)$ O DSB.Co--)*$C)SC) ,$5-D,$ ) DIB.-4(/J8/C)/, .)55C)ST+,8
CT+, .5 K, .,$ (BB(.,)7i ECS (3 57(L,+CiD, .5 FCT+$ 5-D, 55 (.,$ 4(82(F, 1 >C.5 7+,8
(?D-,)/ ,$D-5Bi(I587+(T85+CKS. , 3, 4O T87+-)*55 (. ,$HC. ,§25, 62§7+()$D-5B6(I587+(78
5+CKS.()DCHS/C)T,)TWFCK ,4, 825, .58(. , 3/ (., 628K-T+K+CHST+, J87. 2570+, )/, 579
-55-HBC.7()T$7C$ D, 5-¥)$ B, .4(5-4,§ D-5Bi(J$ 5357, H5$ 7+(7$ B.C4-D,§ 14§ 5?BBC. TS 6C.$
B.C6-0-) *$FJD-5BI(JSCK) , .58/C)7, ) TSB.CA-D, .56() D25, . 58:8F 2757 +-58H 25T5F ,$DC) , §
SO (IST+(TB. 5, .4, 557+ ,5?5, .I58B.-4(/IS(55H2/+$(5BC55-Fi, 1§

ATEH N IGE™24<E"1=#, )+ (QUH6I$#() " QBE)ST+,SH () ID, BICIH, ) 7567+ (18K ,$D, 5-*) , DS
O D$57?D-,D8-T8F, /(H,$(BB(. , ) ST+(TSF.-) *-) *$/C) 7, ) 75-) 7C87+, 85357, H-55 (5L, J§7CS
/., (3-)*0%,)*(*-)*$D-5Bi(JI5I57, His#es/C) 7, ) 1$B. C4-5-C)$-58D-66-/24THCK)) , .55 () DS
/C)7,)7$B.CA-D, .55K-GiSF , /CH , STE(MIUS-)§2BD (7-) *$7+ , - .$D-5BE(I5$ () DT+, 54 (42, $6C..§
(68357(L, +CiD, .58K-6F 8. ,D?/,Dis ] 8. ,/CHH, )DSD, 5-)-) %868, Q-F8,$H , /+() -5 H58
7+(75 (CKS$ 25, .55 7C$ 2BIC(DS /C)7, )75 () DS 7CS HCD-6J5 7+, - D-5BG(IS K7+ H-)-H (88
C4, .+, (DSQDST+.C2*+34(.-C25/+()) , I58E+,5,8/+()) , §556C . SBC57-) *$H 25756-75-) 7C}
7+,8KC.L$B.C/, 55, 55C67+, 5B, CBA, SK+C3B.C4-D, 8/C) 7, Y 1%C. 57+, $D-5BA(I5H

@%==#-)1)3; "3 1 3. 10!+ (G#-&3)# (5] +,)5, ,-) */C)7,)C)S (B, .4(5-4,$D-5BH(J9
7+,8(2D-, )/ ,SH(ISF,8-)$ (5. 25+8X, 1¥US/ (7/+-) *$ (SF25Y5C .§CBT-C)B86C.§ (/7-) *$C)$T+,§
/C)7,)SH(IS)CTF, $%-4, )SX, 1*18-)6C. H(7-CYSC)S 57+, (7. ,SBI(IBK-T+C2TH , ) 5$7CS
D-*D, ,B, .%6C.$D(7,58) DS7-H, 5YBE+, 5,8, Q(HBE, 5s-+-*+-*+T187+ (78-78-58-HBC . 7() T$7CS
B.CA4-D,$H, ()5$C.$25, .57CSTI(L ,$/C)7, Y 1Us6. CHST+, D-5BE(ISK-T+8T+, HSTCS(/T50 (7, .$
C)$-716#)$7. (D-1-C) (BB(B, .$F (5, D$5I57, H57+-5-555CH, 7-H , 5 (-D, DSFJS B C4-D-) *$
B(B,.$ 58-B5 7+(7 /()% F,$ .-BB,D$ Co6is >C.§ D-*-7(8 D-5B3(JI56 K, .,/CHH,)D$ 7CS
-HBi, H,)TH, /+()-5H587+ (75 (IICK$?5, .587CSFCCLH (. L$/C)7, ) TS6C.$0(7, §25,5C)8 (5
D-66, ., )7SH, D-(§PB7-C)5$ H (38-) /37D, $7C$52BBC. 7§7(L-) *$ B+CTC5$ T+ (784, (DS ICS7+,§
-)6C. H(7-C)$C.SH-)-H(E-)6C. H(7-CY$X, i*U86C 288,77, .$/CD, Y§7+(7525, .58/ S K .-T,§
DCK)$SQOD$(//,55%-)6C. H(T-CY$(7, .16

UBHI/ " $#& & * (73)+# (, 16#-10="$+6+$!" "+, =E3 . IN_ =", 1" "+, =E3 | - #E% & (!

b, .JH D66, ., )7$7IB, 5CKD-5BI(I5(. ,$(4(-I(F8, &, Q(HBE, 55-) /62D , $3(. * , $63(7$D-5B(I5H
F?2-iD-)*$5-,$ D-5B§(J51 () D$ D-5B3(JS /CI?H ) 5475 -55 YC7552. B.-5-) %16 7+ (75 5B , /-6-/$ D-5BA(I55
“HBC5,§ 5B, /-6-/5 .,\?-.,H, )75 J-T+-)$ 7+,8 B.CN, /78 K,$ ,Q, HBi(.-33$ (55,55,D8 5,4, . (i
5B, /-6-/3D-5B3(J57JB, 58-)IC.D, .SICSF, 77, -§2)D, .57() D$+CKSTCS, Q7. (/T57+,5. , \?-., H, ) 755() D
7C5 /+(.7$ 7+,8 D,5-*)$ 5B(/,$ HC.,$ /CHB. ,+,)5-4, 131 #)$ 7+,$ 6CHCK-)*$ K,$ B.,5,)78 7+,
5B, /-6-/5.,\?-.,H, )75 Ds. , /CHH , )D(7-C) 587+ (75K , $6C?) DSEC .$D-5BA( IS/ Ch?H ) 5168

3-5B§(J$ /Ci?H)58 (. ,§ /CHHC)$-)SHO I V?.CB, )8 /-1-,5 QDS (. ,$ (8 7. (D-7-C) (6 6C.. H$ C6s
B?F{-/$D-5BI(IBE+.C?*+5,QB, .-H, ) 7(18. ,5, (./+K,$+(4,8-)4,57-*(7, D§+CKSD-*-7(§$D-5B4 (I
/Ci?H)58/ ()$F,$?5,D5,66,/7-4,0J8E+,$/CHB. , +,)5-4,8. , 52§758C67+-55. , 5, (./+$-54D, 5/ .-F , D§



2)$XS,J, .8, 75 (Bl <899YS () DS (8/C)5CE-D(7, DS D-5/255-C)$ /(DS F, $6C2) D§-)$ XOiTIs <BO=YiS E+, §
6CHCK-)*S. ,/CHH,)D(7-C)585+CKS5CH , SCoT+, SF (5-/86-) D-) *58-)$5+C .

o U a2(I6#-1T3E;+(210() " -3$)+# (BE . (D-7-C) (BD-5BE(IS/Ci?2H) 58( . , $7IB-/ (§3I$BA(/ , $
2)$ B?Fi-/5 K(BLK (J58 527+ (58 K-D,$ B(4,H,)758 ()D$ 5?BBC.T5 7C8 25, .5 K-T+8
)6C. H(7-C)$ K+-0,§ K (BL-) *$ B(5T5 - T E+-58 , 66-/-, ) 75 K (J$ C6$ B.C4-D-)*$-)6C. H(7-C)$
K-T+§H-)-H(§-)7, ..?B7-C) 5 C6§ 7+,$ 25, .§-58 (65C3 ($ D, 5-*)$ *C (65 C63 D-*-7(4$6C.. H$ C6S
7+,5,$D-5BA(ISBECI(/+-, 4, §T+-58K 5. , /CHH , ) DS(D , 5-*)§7+(18DC, 58) CT5. , \?-. , 7+, §
25, .$7C$571CBS7CS , ) *(*,8-)87+,5-)-1-(8-)7, . (/1-C)$B+(5, B E+-55 /O F,$§ (/+-,4,§F I8
BI(/,H,)T$ C& /C)7,)7 X5-H-8(.$ 7C$ 7.(D-7-C) (8 D-5BE(I5Ys ()D§ FI§ DI) (H-/ (IS
HC4-)*$/C)7,)181C8-)/ ., (5,87+,81-H ,§7+,$/C)7,) 15585, , YSFI87+,$25, .18

o AR +()"-3$) (! 3E-"37.1 3)1 31 7+,)3($" 15,.56 (.,$)CT),/,55(.-835 /4C5,$
,)C2*+§ 7C§1C2/+8 7+ ,$ D-5BA(IS K+,)$ 7+, 38 -)-1- (IS T+-) LS C88 - ) 7, . (/T-) *$ K-T+§ 7+,
D-5B8(J J ,$ .,/CHH,)DS 7+,.,6C.,$ -HBI, H,)7-)*$ -)7,.(/7-C)$ 7,/+)-\?,5 C)$
D-5BA(J$/Ci?H) 58 7+ (78 (BICKS-)7, . (/1-CY$ (15 §D-51()/ , $X, i*ils >, 572 (§-)7, . (/T-C) Yi§
0DD-7-C) (§8J%-)7, . (/7-C)$5+C2iDs (BICKS (§7. ()5-1-CY$F, 7K, ,)$-HBi-/-18-)7, . (/7-C)$
X, 0§25, .$-5$50CK-) *$DCK) Y$7C$, QBE-/-78-) 7, . (/7-CY$X, i*W§ 25, .SK () T587CS*, 18D, (458
OIS/, .1(-)$/CYT,) T8, HYES

S,5D,557+-507+, . ,$(. , 2.7+, .5. ,/CHH, )D(T-C) 587+ (75 (. ,SF (5, DSC)$7+,§7. (D-1-C) (825 (*, $
C65 7+-587JB ,$ C6§ D-5BE(IS X, <08 BI(/, $7+,5/CAPH)$-)8 7+, $ B(T+ CB8 7+,5 25, .§ ODSH (L, § 7+, HS
DCH-) ()7$-)$7+,8 25, .15 B+J5-/ (8 5B/, Yi§ 08 62.7+, .$6-)D-)*§ K (56 7+(7$6C.§ /CI?H)$ F (5, D§
D-5B4(J58-18-58B.. , 6, . (F3,$7C$6C/255C)$ /C)7, )T )CTC)$D, /C. (7-C$X, i1 25, 86. (H , §, 556 C.$
5, H-:6.(H,D§/C)7,)7Vis

UBU! - #& & W (+$3)+(21+() " -38) +# (IBMCIG#-1=3, , " - V< 0!

0362)D(H, )T(8/+(8,)*,$7+(T5K ,$(DD. , 55, DSK (587C$6-) DSH , /+() -5H587+(757. () 56C.. HS T+, §
25, .586.CHSFI5T()D, .587C5 (/1-4,825, .58-)7, . (/1) S K-T+5 (857, , Y§3-66, ., )TSH , /+() -5 H5S
(..8.,\?-.,DSD, B, )D-)XC)I57(*,$CB (BB.C(/+S(ODI-)T, . (/T-C#)$, 0B, .-H , ) T(BKC . LIK , §
,QBIC. ,DSD-66, ., ) 7$6C. HB$CES ., 5BC)5-4, ) , 5587+ (78-HB(/78-65 () D§+CKS$ 25, .58-)7, . (/TS K-T+$
D-5Bi(J58#)$B (. 7-/26(.$-)7, . (/1-4,8H-. .C. ,DS. , B. ,5,)7(7-C)5CE7+, 25, .$() DID-5B3(I587+ (78
(D(BTSICST+,825, .56 (M, $(. ,$4, . J$B.CH-5-)*is
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3-5BI(I5SK+-/+H ) (*,$7CS(77. (/TSH () J3B, CBA, $-)7, . (/7-) *$K-F , $ (8, $7CS (77 (/7
HC.,$()DSHC. ,$B,CBd,E+,$+C) , IBCTS 66, /15K C.L55,4,)$ (67, .$H?47-BA, $D(I50 (58
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% See Streitz, N. A., Rocker, C., Prante, Th., Stenzel, R. and van Alphen, D. (2003) Situated interaction with
ambient information: Facilitating awareness and communication in ubiquitous work environments. In Tenth
International Conference on Human-Computer Interaction (HCI International 2003)

27 See Vogel, D. and Balakrishnan, R. (2004) Interactive public ambient displays: transitioning from implicit to
explicit, public to personal, interaction with multiple users. In Proceedings of the 17th annual ACM symposium
on User interface software and technology, pp. 137-146. ACM.

28 See Brignull, H. and Rogers, Y. (2003) Enticing people to interact with large public displays in public spaces. In
Proceedings of INTERACT, vol. 3, pp. 17-24
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BC57, .507+(78-78/ ()$B.C4-D,$-)7, . (/7-4-1Ji8

J+(7#HNBE+,$H,7(B+C.5C6 (§ K-)DCKS +-) 758 7+(78 7+, /C)7, ) 1§ D-5B4(J, DS -586. CH$
OCT+, SDCH(-)B#)$7+,85(H , SK (J$7+(75 (§K-) DCKS (HCK584-, K, .557C$iCCLSC2T87CS
Y(7?.,5C.$)TCH(5. CCHEB(SK-)DCKSH, 7(B+C .9D-5B3 (IS (BCKSSTCHCCLS-) TCS(SD-66, - , ) T8
KC. iDis#6s7+, SK-) DCKS-55IHH , 7.-/5TKCSBA(/ , 58/ O SFIsi-) L, Dis

Rt--#-5F?H)5/ (8D, 7,/187+,-.5CK)S. .68, /7-C)$8-)$ SH-. .C.IBE+-58/C) / , BTS-557+,§
F(5-54 6C..$ D-5BA(J58 7+ (7§ 6CHCKS 7+, 8 H-..C.§ H, 7(B+C.1 SIS 5+CK-)*$ /C)7,) T C)$ (8
D-5B3( 87+ (75 (/755 (55 (SXBCS5-FEJS (F57. (/T¥8H-. .C.0§7+,§25, .15(77, ) 1-C)$-55* . (FF, Dis
#)$C?.$KC. LK ,$5+CK, D§7+(78D-66, ., )786C. HS CBS H-. .C.5 ., B. ,5,)7(7-C) 5/ )$F,$
25, DSQ) DST+ (TS (ACEHT+, HSKC. Lis

10"-E3.6 P4, .§(J-)*$-)6C.H(7-C)$-5 (§62.7+, .8 H,7(B+C.§ 7+(7 /()$ F,§ 25, Dis SIs
B.C4-D-)*$(DD-7-C) (f8-)6C. H (7-C)$C)STCBSCHCFN, /754C . SK-T+-)§()$, )4-.CYH , ) 757+,
C4,.0(I H,7(B+C.$ /S F,$ ., (6-M,Dis #HB, H, ) 7(7-C) 5 H(J$ -) /82D, $ (§ B.CN,/7,D$
D-5B8(J57+(78/ OSF ,5C4, .8(-DSC)$B+JI5-/ (BSCFN, /75188

E+,$6CHCK-)*$-)7, . (/1-CYSHCD(6-7-, 5K, . ,§ ,QBIC. , D§-)$-)7, . (/7-4,$ D-5Bi(J$5, 77-) *58 () D
B.C4-D,$ (SF(5-/5D,5-*)$5B(/,$6C.5-) BPSHCD(6-7-, 58>C.562.7+, .$D, 7(-i5 O DS O , 07, )D, D
OD$5I57, H(7-/5(55,55H , ) 15CE-)7, . (/7-C)SHCD (B-7-, 555, , SXORTIS<8O=1$BIS_AGHYIS

K-","($"13(7!C7" ). BP) ,$C87+,SHC5T F(5-/$HCD (-7-,58-58B. ,5,)/, 80, (/7-4,$
/C)1,)18/O$F,$5+CK)SC)/,$B. ,5,)/,5C6() I$B, .5C)$-5D, 7, /7, Dis#esT+,5-D, ) 7-135C6
7+,8B, .5C)$-55L) CKS7+,8/C)7,) 18/ OSF,$B,, .5C) (6-M, Dis

QHT .IK#, +)# (8>CHCK-)*$7+ ,8IC) ,SHCD, 8557+ (75(.. ,$57.C) *135. , - TSC)SK+, . , 8T+,

?5,.§-58-)8.,0(7-C)$7C8 7+,$ D-5Bi(JIs FCDIS BC5-7-C)$ -5 (§ 25,626 HCD (6-7J57C$ D, /-D, §
K+-/+$6C. HIC6-)7, . (/7-C)$/ OF,$,QB, /7,Dis

#I"



o QHT.IK#,)%-"1§15,.55 ,)/C?)7, .8 B?Fi-/$ D-5B(J55 -)§ H()J$ D-66, . , )75 5-72 (7-C)5i8
E+,38(.,5,)*(*, DSK-T+CT+, 825, .5 ()DSDCS ) CT86(/,§ 7+, D-5B3(J5 () DI 7+72508 ) CT8
YCT-/-)*4-TSP)ST+,§CT+, 067+, I$/C20D8E, ()$TCK (. D587+, 8D-5B3(JIS7CS.. , (D$-)6C. H (7-C)$
2)$D, T(-E8X, 14U862. 7+, .$-)6C. H(7-C)$CYS CH (BYSE+,5,8-)6C. H(7-C)$/ OSF, 3D, .-4, DS
6.CHS$?5, .56FCDIBC5T?. , 1

o Z3$"IMU)TS)H(N Z3$H3E >2=-", (11 2381 /7 $H2 (1) (1 3,7, /1) *$ T+ ,56(/ 8-S
6.C)75CE 7+, $D-5BA(J5-55 (SHCD (B35 7+ (75+ (58 H () ISD-66, . , ) 78 (BBI-/(7-C) 58478/ OSF , §
OS$(BBI-/ (-C)SCHD, 7, /7-)*4-D, ) T-TI8K, i¥UST+.CP*+86(/ . , /C*)-T-CYYBSID, 7,/7-) *$
6(/-(4,QB. ,55-C)W7+,SHCCDICE(SB, .5C)S/ OSF 8, 57-H (7, DiX, (U5 H-6, 8D, 7, /1-C) Yigss

o D3L* 15-)% *(M,$ (5 -)B?78 7C8 (§ 5357, H$ -5 4, .J$ BCK, .62f5 (55 25, .58 B.C4-D,$
“HBG-/-T838 .-/+$ -)6C. H(T-C)$ T+.C2%+§ T+, -.§ *(M,$ D-., /1-C)i8 SI§ O (835-)*$ K+, .,
25, .58 iCCLS ()D§ FJ§ (55,55-)*5 7+,8 *(M,$ B(7+5 B, .5C) (-M(7-C)$ /S F,$ ., (-, Ds
K-T+C27857C..-) *$(4C)*$7, . H$B. C6-d, 5

e @=""$58"B,,/+$-)7,.(/1-CY$/ OSF,$O8-HBI-/-T5C S, QB-/-TSHCD (§-75-)87+,$/C) 7, QT8
C8§ B?F-/5 D-5B3(J56 E+,5 25, .8 /(S , QBI-/-1635 . ,\?, 578 (/1-C)5$ C.§ /C)7, ) T T+.CP*+
4C-/ ,$/CHHQ D507, .) (7-4,33% ()8 -HBi-/-185357, H$/C2iDSD, 7, /8 K+ (7525, .58 (.,
(L) *$(FCRTODST(L,$7+-58(58-) B2TSFCK , 4, .(§7+-58) , , DESTCSF, $DC) , 8/ (. , 62865 (58
25, 5SK-ii5+(4,9B.-4(/I8/C)/ , ) SHK-T+§T+-5SHCD (6-7J1s8

o NHUSBBEC?/+$ (D H27-:7C2/+5-)B?75 (. ,$C) ,§C8 7+, HC5TS /CHHC)$-)7, . (/1-C)S
HCD(6-7-, 58EC?/+§+(58F, /CH ,§ H(-)57. , (H$5-)/,§7(F3, 18 /CHB?7, .5 O D§B+C) , 58
25,57+-58, 07, )5-4 , 4Jiss

e D",)%-",B#)7,.(/1-)*$) (72. (8IS K-T+§ ($D-5BA(IS-58 ($7IB-/ (B *C({8-)$7+,8D, 5-*)$ C8S
7, .(/1-4,3B, .4(5-4,$D-5Bi (557, H5[8 1 5-) *§% 572 ., 557+ (75/ OSF ,$(BBi-, D&-)$%6.C) T
C88 7+, D-5BI(JIS QDS ,4,)$ (75 (§ D-57()/,$ (-.$ (§ BCK, 628 ()D§ K, 0 ?)D, .57CCDS
HCD(6-7Jiss$

o NT_<#3-7'3(7'R#%, "I#)$5CH, $/(5,587. (D-1-C) (§8-)B?7D, 4-/ 5852/ +§ (5§ (§HC 25, $
(ODSL,IFC(.DS$CE8, .§ ($62.7+, .5 (BB.CB.-(7,$ HCD(6-7d68 " 2/+$D, 4-/,58 (. ,$4, . IS K, 668
L)CKS(QDSH (88, (DSTCS (SH-)-H(BF (. .-, .$6C.$25, .587C87. 387+ 85157, HSC27i8%C 25, $
ODSL, JFC(.DSH (IS (B5CSF,$B(.T8CB (57()*-F8,$-)7, . (/7-C)$D, 4-/ , WK+, . ,§7+,35(. ,$
C)iJ8 25,08 (56 5,)5C.§ -)$ /CHF-) (7-C)$ K-7+§ (8§ HC.,$ 5CB+-57-/(7,D$ -)7,.(/1-C)$
/C)/,BTis

e 0()"-3$)+0"18)3(24<E"IIK-#2.1"""0+$" ,15#)57, (DSCEID-. , /7038-)7, . (/1-) *S K-T+§7+,§
D-5Bi(J?5, .55 H (I8 (85C8-)7, . (/TSK-T+$ ($B.CQID, 4-/ , §K+-/+§-HB (/7587+, $D-5B (Jis
FSHOJICKHC?.5. ,5, (./+$B.CN, /15K ,§25, DSHCF-§,$B+C) , 55(5852/+$B.CQISD, 4-/ , 508
F2787()*-Fd,$CFN, /758/C2D$(B5CS7 (L , §7+-58.CA,

#)$ HC578 /(5,58 )C78 (§5-)*0,8 HCD(4-738 K-4i8 F,$ 7+,8 5CI27-CY F278 (§ &UE)+ &#73E! %, " -!
+()"-63$"SK-sF,$/., (7,D87+(18/CHF-),585,4, . (B8HCD(-7-,580)$ (DD-7-C) (B . ,\?-. ,H,)T$
)8 ., (885,77-)*58 58 7+(78 25, .58 (.,$ )CT8 5, ,)8 -)$ -5CH(7-C)i EIB-/ (003 B, .4(5-4,$ D-5Bi(J$
5J57,H58) , ,D$(8/, .7(-)$5?BBC. 7$6C . s&WE)+=E" 1%, " -, 8E+-58) , , D5STCSF, $7(L, )$-)7CS(//C?) %
K+,)$/+CC5-)*85,)5C.58() DSK+,)$D, 5-*)-) *$7+,$§(IC?76C6 (8557, H5H

S(5,D8C)$ C?.5 ,0B, .-,)/,$ K,§ .,/CHH,)D,Ds H2i7-HCD(8 -)7, . (/1-C)$ 7,/+)-\?, 58 T+(7$
JCHF-) ,$5CH , §CB7+, 6CHCK-)*-)7, . (/1-CY8T, /+)-\?, 5l

e EC?/+

e %-D:0-.¢",57?.,58

##n



e %CF-0,§3,4-/,%)7,.(/1-C)$
>C.D, 7(-456C) 87+ ,SHCD (B-7-,5%5, , X3 (4-, 58, T8 (Gis<89=(Yis

UB_1=#($E%, +#(, 13(716+&+)3)#(,!

3,5%)-)* O8 ,)*(*-)*$ 25,5 ,0B, .-,)/,§6C.§ -)7,.(/1-4,$ B, .4(5-4,$ D-5Bi(J58 ., \?-. 5
2)D,.57)D-)*$ T+,§ /C)7,Q78 -)$ K+-/+§ T+,8 D-5BI(IS -58 .2))-)* 7+,8 /C)/,.)58 Cos (iis
57(L,+CiD, .58-)4Ci4, D DS 7+,5%*, ), . (B K (JI5-)§ K+-/+$ B, CBE,$-)7, . (/78 K-T+$ D-5B1(J55-)$
B2Fi-/$X-)7, . (/1-C)SHCD, i5Y5067, .§7+,5.,\?-.,H, )75 (. ,$ ,0-/-7,D87+,§ (BB.CB.-(7,8/+C-/ ,$
C& -)7,.(/1C)s H,7(B+C.5 ODs -)7,.(/1-C)s$ HCD(-7J5 -5 .,\?-.,Di 0§ *,),.(8
.,/CHH,)D(7-C)$-547C35?BBC.. TSH2§7-HCD (§-1386C . SH 247225, .85, 77-) *5is$

E+.C?*+C278 7+,§ B.CN, /78 K,$ ,QBIC.,Dt§ () (835, D8 ()D$ B?Fi-5+,D5 6-)D-)*55 C)$ +CKS$ 7C$
)7, . (/T8 K-T+8 B2Fi-/$ D-5BI(J508 V4, ) T+C2*+5 K 8 /., (7,D8 () ,Q7,)5-4,§ FCDJIS C6 KC. L C)$
5B,/-6-/8-)7, . (/1-C)$H , T+CDSS6C.$/, . T(-)$5, T7-) *587+-585B (/ ,§-56 ) C18J, 78628838 /+( .7, DS P 2.8
/C)7.-F21-C)$-58 (B5C5C)$ ($H, (26, 4, 5 B.C4-D-)*$ , Q(HBE, 55 C68 +CK$ 7C§572DJ8 ) , K§ D-5B3(J$
7,/+)CiC*-,55C.8)C4, B/C)T,QT58- YK +-/+8-)7, . (/T-CYST(L, 5BI(/ , 86

$
$

$ !
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XB1Z%-)5"-1-53EE" (2" ,!

S,JCYDST+ 87+, , SH()S/+(8,)*, 5D, 5/.-F, D§-)§7+,$3C T KK, $(65Cs-) 4, 57-* (7, DS . () * , $C68
B, .-B+, . (883, 78/.2/-(8/+(,)* , 557+(B8K ,$,)/C?)T, ., DSD?.-) *$7+,$B.CN, /7866, 7-H , BE+, 5,
.O*,D$6.CHSB. (/7-/ (5D, BICIH, ) 8-55? , 58X5,, /1-C)$GIOYS () D$/C) 7, ) 18B.CB(* (7-C)$/C)7.Cs
X5, /1-C)SGI<YNICS?)D, .57()D-)*$, 4 (62 (1-C)8/+ (B, ) * , 535, /7-C)$GI=Yis

XBAI"" " =f# +(2!P ") D #-; " 7IK%<E+$!""+,=E3.,!

#)$ C.D,.§ 7C8 2)D,.570D§ T+,§ /+(8,)*,5 -)4CE4,Ds -)$ D,5-*)-)* (OD$ B,.6C.H-)*s
D,BiCIH, )756-)4Ci4-)*$) , TKC. L, DSB?Fi-/3D-5B8(JI58K ,$ () (835, DS (5. (O *,SCED, BICIH, ) 756
FCT+§6.CHS7+,86-7, . (72. ,$ QD$6.CHSC?.5CK)$,QB, .-, )/, 58 () D§-D, ) 7-6-, D§6-4 , $6(/7C.557+ (78
JOIBI(I(EE-*)-6-/ () 75.Ch,5D?.-) *$52/+4D, BICIH , ) 75is$

£)SH() I8/ (5, 5087+,84)$/A)$88+-)D, .587+,§5HCCT+CB, . (1-C)SCE T+,95357, HISg, 5, (./+, .58
(15C8?2)D, ., 57-H (7, D§T+,8/CHBE, Q-TI5CKT+,8"1".& 5 1) $+4".&+ . #S8I~, T7-) *$ (BB.CB.- (7,5 () DS
6., 545 +2% &% §T+(75-5 (BB, (i-)*$6C.§ 7+, 8 /CHH?)-7J5-58 (8K (I58 /+ (8, ) *-) *18 () DS C66,, .-) *$
2)72-1-4, 5K (I5I06"* . 8$) +. * —$K-T+$T+, 85357, Hshs-)$B (. 7-/23( . $6C 3B (55, .5:FI$h$/C)7-) 2, 557CS
F,$($B.CFi, HISOMSCET+,5,36(/7C.58 (66, /7, DSK+(T5. , 5, (./+, .58(. ,$B.-H(.-438-)7, . ,57,D8-)s
L@ ) (128 +2 5 3 #1088 +.1 2% > ,§ A 5+CKBS 7+, ., 5267-)*$ T1:"0pVg"Us
6.(H , KC.LShsX6. CHST 1 2Fi-/$D-5B(J5" OpVgUYis

$

"E$%e " IT)1*, AL [G1966H ® 5 18TI918I6>>6" T73<$l45 " IH%:44,963 "4 " S177% " 7196 34<$!
31HH%<#41,7%001844<$!0%F:#3!>570:6 1!>"0: 11 H " <47!

E+,$1:"0pVg"$h. (H, KC.L/ ), 5?5, D&-)$(5) ?HF, .SCo5K (JI58

o N#IS3E<-3) " 1#(", 1+(T+0+7%3E 3N 3-" (", , 1 #61)5"103-+#%, 1+, ,%" , 1+(O#E0 " 7!+(!
J%$$" , ,6%E! 77 =E#.&"(),8 9.5, (./+, .55 C)AJs -)7,.,57,D8 -)$ (8 B(.7-/20(.$ B(J, .8
H-*+75 , (5438 ?)D,.,57-H(7,§ 7+,5 (HC?)T5 C6 KC.L$ .,\?-.,D8 6C.§ ,-T+,.8 T+,
5?7BBC.7-)*$i(J, .55C. 57+, 5+-*+, 20,4, B86(J, 586887, . (7-4,5D, 5-*)$B .C/ , 550852/ +
(85,06:(55,55H , ) 8B.C/, 55/ ()$F,§25,D87CS ., B, (7, DEJSX, 108 (67, .5 , (/+3-7, . (7-C) Y8
5,66:. .60, /75C)IC) , 155-)D-4-D2 (088, 4, BCH(K (. . ) ,55SK-T+5. , 5B, /ITCHT+, 8/+(E, ) *, 58
BC5,D§FJ$7+,$T+-DD, YUS A(J, .50 ()D$ 7C8 /.-T-/ (8635 - , - (55,556 7+, (HC?) 75 CB§ , 66C. 78
)..D,D§TCS(DD. , 5547+, His

o N#1)3<UE3) "I (SHBQ) =" T!+,,%" 1 T%-+(2! 3 7 =E#. & " 1+ (| #-7 " -1 )# % ($#0" -
GHEEH DV%=1+, ,%" 1§ 15-)*$7+,8-)D-4-D2 (80(J, .58 (5/C?H)$+, (D, .58C) ,$/()$57( .78
6.CHS$()$,)/C?)7,.,DsC.8)7-/-B(7,D8-552 8 (DS K .-7,$7+-58-) 7C5 (36, 67THC5T§ T#5572 , Us
JCI?H)BL,-*+FC?.-)*$/ , §58-)§7+,85(H ,$.CKS/ 8T+, )SF ,SF. (-)57C. H, D§-)$C.D, .§
7C$ ?)/C4,.$ .CCT8 /(25,55 C.§ BCT,)7-(683S . ,8(7,D$ X()D$ 5CC):7C:F,:,)/C?)7,.,DVs
557 ,58)8) ,-*+FC?.-)*$(J, .50

o N#I<T))"-1a%727 )57 ("$",,3- .1 "66#-)IGH-1 "3$5IE3. " -5#)$-758/2. ., ) T$6C. HI 7+,
6.(H, KC.L$5-HBiJSCES, .586-4,80(J, .58K-T+§)C857()/,$C)$ () ID-66, ., )/, 5F, 7K., , )$

#%n



7+,8(J, .56FCK, 4, 5K+, )SHCA-)*$7CS($5+ (B, $52/+$(55($BJ . (H-DIT+,%6. (H , KC.L$
/O$(I5CSF,$25, DSC.SBI() )-) *$cs7C8-)D-/ (7,8, 66C.. T6-4, 8. , 5C2. 7, 5/C5TRO) DST-H ,

>7.7+, 4D, T(-i58/ ()$F , $6C?)DS-)Is Lis% , H(.CA-/B%IS " () *+,-) .-/+8 N2+, 4, 578 LSE(JEC.0%
O DS>BOGTHTE =" OpVg SO$(§(J, - , D6 (H , KC.LS(DD. ,55-)*$7+,$H247-:6(/, 7, D$-557 , 586 (/-) *$
/CHH?)-73:5?BBC.7-)*$ B?Fi-/$ D-5B3(J$ D, BICIH, ) 750U 02%$ E.. ()5(/7-C) 58 C)$ 2CHB?7, .-
FPHO®)T, . (/1-C)H-)$B. , 55Vis

XBF! = #Q)-#E+ (2! - #() " QI (=%)!13 (7IK-#=323) (!

%()ID,5-*)$D, /-5-C)58) , , DSTCSF,SH(D,$K+, )8/ , (7-) *$5-72(7, DSB2Fi-/$D-5BA(I557+ (78 (-H$
1C35, 4,5 S/CHH?)-TJ8P) ,$52/+3D, /-5-C)$/C)/, . )58 (// ,5567C$-758/C) 7, ) 75085+ C26D5 25, .58
F,$(F8,87C8(//,558/C)7,)T8. , HCT, 8IS, i*Us4- (S(SK , FSB (*, 5C . $5+C 20D87+-58F , §§-H-7, DSTCS 25, .56
K+C3(. ,$/C:0C/ (7, DSK-T+§7+,5D-5Bi(I[$085-H-3( 4D, /-5-C)$+ (S TCSF , §H (D, $6C.§/CHH2) -7
/C)7,)75?BIC(DISDCSBCST, .58) , , DSTCSF, $/C:6C/ (7, DSK-T+§7+,8D-5BA(ISC..8/ )SBCST5SF, $H (D, $
6.CHS$ () J8iC/(-C) [§#)$CT+, .§KC.D58/C)7, ) T5D-5B8 (IS O DS/ , (I-C)$/ O)SF 81,7+, ., DETCS (§
D-5BI(JC.5T5/ OSF , 6. , ,$7C8.C(HISE, 08¢/ / , 5-F8, %6.CHS ) IK +, . , 1§

EC$F,77,.$?2)D, .57() D§7+,$-HBE-/ (7-C) 58CH7+-55D , 5-*)$5B (/, 8K ,$) (835, DS 8. , B. ,5,) 7(7-4,$
5(HBE, $C6D, BICJ , D§B?Fj-/$D-5B3( 85157, H5§ ()DSH (BB, DSC?TK+, 7+, .§7+,-.8/C)7, ) TSK (5
W, 7+, ., DISTCS (§*-4 , )$B?F-/$D-5BF(JSC.n6. , ,$7CS.C(HUS 058 HC57S ., BC.75$D-D§ ) CT HCT-4(7,$
7+,$H(NC.-135C87+,5,9D, 5-*)8/+C-/ , 58K ,$. , (5C) , DSC2787+,8(55?H, DS. (7-C) (B, 58F , +-) D§7+,§
.,5B,/1-4,§D,/-5-C)56 >C.§ 7+, T6., ,$ 7CS .C(HU 5,77-)*0 K,$ , Q7. (/75 7+,§ 6CHCK-)*$ 7+, ,$
-(7-C) (8,508

e 0//,55 D,5-.,D§ /JCHH?)-/(1-C)$ /+()) 8 ,*is 5?BBC.7-)*$ 7,07 H,55(*-)*$ C.$
/CHH,)7-)*IC)IC)E-) ,5C/-(88) , TKC. L5l

e OfiCKS.,HC7,8H,HF,.557C§ (//,5587+,85J57, HI§-)§5CH ,$5J57, H5(?5, . 58, QB{-/-70J§
D,HQDS. ,HCT7,8(//,5581CS($D-5BA(ISX , i*i§7+.C?*+S(SHCF-{,B+C) ,$C.S(SK , FSB(*, V8§

- "?BBC.TK-D,.$?5,5C67+,$(BBi-/(1-C)I6/C)7, ) $BC5T, DSTCIC)-) ,$5-7, 586(/-4-7(7, 55 (8
B>, 5., (/8

>C.817,7+, ., DUS/C)T, ) THK , 5D, ) 7-6-, DS+, $6CHCK-)*3. (7-C) (8, 58
e EC$5?BBC.78/?..,)78-)7,.(/1-CYSB.(/1-/ 506, i*USTCIB. , 5, .4, 80C/ (B-TI5CE7+,8/C) T, ) T8
-)$ (8 /8(55-6-,D56 5357, H C.§ D-*-7(8 H?5-/8 5+(.-)*$ -)$ (5 Si?,7CCT+:,) (Fd,D$
DCK)iC (D

e PK),.58D,5-.,57CS. ,57.-/78-)6C. H (7-C)$7CSB, .5C)58/C:B.. ,5, ) 8K-T+5D-5B(I50, 1*is
C?7:C6:C66-/,8) C7-/ , 55C)$(5H (. 8DCC .$D-5B(Jis

o HBE/-TJ, U5)CS) , , DSTCSH O (*,SH?67-B8, $4-, K$C . H (758() DcC.8-) B?78H , 7+CD5
ot *5i(I-C)N, 8B ,4,)1-)*5T+,8D-5B(ISCHB-/72. ,5-)4CI4-)*$/+-iD. , )C)i-) ,
e EC$B(.LSSC/-(8-)7, . (/7-C)I8, I*ISFIS5+CK-) *$BC5758% . CHEC/ (B5C86-/, $/Cif, (<2, 518

«  EC$5?BBC.TSH-)-H(B/C51CE-)7, . (/1-C)8, i*U§25-) *$S§?, TCCT+8-)57, (DICE. , \2-.-)*$
7,.).78(// 5508

e ECSH(L,$/C)7,)7,Q/625-4, 0, i*USFISD-5BI(I-) *$5C/-(8/C)) , /7-C) 55 (HC) *$D-5BA(JS
4-,K, .5%.,\?-.-)*$B, CBf,$7Cs* (7+, .8-)%.C) 57+, $D-5B3( IV

#&"



e EC§?)D,.57()DSK+(7$7IB,$C8(?D-, )/, 86-L , 5K +(7$7IB,$C8/C)7, ) $C)$D-5BI(IN-L, I8
?5-)*$D-66, . , ) 1$B.CB(*(7-CY$/+()) . B58(58(SH , (52 ,H, ) SICCHD?.-) *$, 4 (12 (7-C) 8

2C)7.Ci-)*$ /C)7,)78 (/7,55 hs -4, § FCT+§ -)B278 ()DS B.CB(*(7-C)$ hs -5 (§ BCK, 628 D, 5-*)$
L0, H,)78-)8) . TKC . L, D$B2Fi-/3D-5B3(J51>2. 7+, .$D, 7(-i5/ ()$F,$6C?) DS- )15 116% , H (.C4-/15 118
2+,4, 5T5%I8 " () *+,-) .-/+B#5 Vi+(.T6 ODS B OFTS TE , 7+, ., DS C.$6. , ,§7C5 .C(HIS T+,5D, 5-%)$
5B(/,$CE8-H-1-)*$/C) 7, ) 18(// ,55C)$/CHH?) -135D-5B3(I5N8-)$1 .C/, , D-)*5CET+, $<) DSO 2%
)7, .)(7-C) (8" IHBC5-?HIC)S 1 , . 4(5-4,$3-5BI(I5H1 , KSpC. L1 pis 1 "0<89=KBBLI< ; :9=<is
3P#m+77BlccDQIDCHC. *c98I99_Ge<_A9G  il<_A9IGA™S

XBFI>03E%3)+ (2P ") N #-; " 7IKU<E+$!""+, =E3 _ !

#)$C.D, .$TCSF,77,.§2)D, .57()D$ +CKS 7+, 66, /755 C88 ) , 7TKC..L, D§ B?Fi-/8 D-5BA(JI58 /(S F,$
L4(2(7,D8 K,$ B, .6C.H,Ds (% ,Q7,)5-4,8 67, . (72..§ ., 4-,KS QDS ., 66,/7,D§ C)§ C2.5 CK)S
L4 (7-C)8 ,0B, .-,)/,5 1 .8, Q7. (/7,08 7+,§ HC57 /CHHC)S . ,5, (./+§ \?,571-C) .5, (./+
738,508 ()DSH , 7+CD5I5 ()DSD, .-4, DS T+, §6CHCIK-) *$5, 5 CB*2-D, - , 5 TC8 + , §BS-)6C.. H-) *$ 7+, §
D, 5-*)$C6B 2Fi-/$D-5B3(J572D- , 5is

o I5H#, (2 <) HO) - (BE! "?)"- (B 3(7! "$HEH24$3E! 03E+7+4).15 2C)7.CHS
*.). . (M(F--138 QDS . , (-5HSH (J5-)SHC575/ (5, 58 ) CTs (BiSF, § (/+-, 4, DS (757+,$5(H, $
7-H, 8475-58-HBC.7Q S TCSH (L, /8, (S K+-/+$L-) DSC884 (6-D-7J5-58-)$6C/ 255 () DS K+-/+
4(3-D-735 -5 B(.7-(§J5 5(/ .-/ , DIS #)$ B?Fi-/5 D-5Bi(JI58 5, 77-)*(8 , /CIC*-/ (3 4(3-D-735 -5
C67,)$4(82, DS +-%+, 578 7+C2%+45 . |5, (./+, .58 +(4,87CSF,$ /8, (.§ (FC?T$+CKS-)7, ) (B8
OD$,Q7,.) (B4(-D-138(. 5. ,D?/, DEQDSK+(T8H, (52 , 55 H (J5F ,$7(L, )$7Cs-HB.C4, $
7+,5,%, 508. QO DCH-M(7-C)$7C8D, /., 5,57+, 8){ 2. )/, $CK/C)6C?) D-) *$4 (.- (F, 5Vis

o H(TT-+(21)5"14&=3%)! #6l $#() " (s 12F-/$ D-5BI(JS . ,5, (./+$ -55 )CT§ BCE5-Fi, §
K-1+C278/C)1, YIS F2T57+,8-HB(/T5C8/C) 7, )18 ODSCT+, .$6(/7C.58C)$ 25(*, $-58C67, )
-)D-57-)*2-5+(Fi, § V4, .J§ 577D 58 (78 .-5L8 7+ (7 ., 524756 (.,$ C)iJs 4(6-DS 6C.§ 7+,
B(.7-/?23(.SL-)DSC8/C) 7, Y787, 57, DIE , 57-) *$D-66, . , )1$/C)7, Y T55H-*+75+ , iBiS

o M(7"-,)3(7+(2! %, " -, 1?2F-/$ D-5Bi(JI5 H(JS +(4,$ K-D,iJ$ D-66,.,)75 25,.55 (78
D-66, ., )78 6C/(7-C)56 (D D-66, ., )7 7-H , 518 #75 -5 *, ), . (8835 (DA-5(F8,$ 7C$ B. (/77,8
7.-O*?1(7-C)$ ODS /CHF-),$ D-66,.,)7 H,7+CD5$ 7CK(.D5 (§ /CHHC)S .,5, (./+8
\?,57-C)VQB, .-H, ) 758/ ()$C67,)SF,$ (//CHB()-,DSFISD,5/.-B7-4,5 . ,5, (./+§ () DS
\?()7-1(7-4,$ FI$ \2(6-1(7-4,$ H, (52. 56 E+,$ D,BICIH, )78 -)$ B2Fi-/8 5B(/,$ (§5CS
-)7.CD?/,58, 7+-/ (6557 , 56() DS C) IH-M(T-CYSCHO k. , \?-. , DID (T (SK-45252 (BISF , §
Y.7,55(.Ji

o 477-7,,+(Q27+,=E3. 1< (7 (", BP) ,$CET+,SHC5T/CHHC)$B. CFi, H5$K-T+$B2Fi-/$
D-5B3(J58-587+(757+, 3DCS)CTS.., 7, -4, (SICTSCE (77, )7-CY8 1 (55, .5:F I8 252 (1I$DCS)CTS
,0B, /7874, HSCSF,$-)7, .(/7-4,§)C.§DCs 7+, 35 ,QB, /75 7CS Z) DS )7, ., 57-)*$ /C)7, ) Tis
V)*(*-)*$ B, CBJ,$ 7+(7 (/1-4,038 B.CHCT,§ D-5Bi(J58 H-*+75 +, 8BS 7CS . (-5, (?D-, )/,
(K(.,),55% C6 (8 D-5BI(II5S -)7, . (/7-4,$ /(B(F-i-1-,5 OT 7+,8 5(H,§ T-H, 1 /., (1) *$
/251CH-M, D$/C) 7, )87+ , £, /75825, .8-)7, ., 5758-5%,QB,, )5-4, BOSBC55-Ff, §5Ci?7-C)s
JOSF,$5, ,)$-)S(?T1CBC-,5-/8/C) 7, ) T4, 85, 86:%, ), . (7,D8/C) 7, ) Tis

o A77-", +(QSH&E&H(I T =F#.&" )+, %" ,805D,5/.-F,D§-)$5,/7-C)$ GI9s (FC4, 1§
+(.DK (., 8(./+-1,/12.,/CY1,) T8O D)7, . (/1-CY$B.CFi, H5/ s (iis+ (HB, .$(/72 (8
JCHH?)-138 ) *(*,H, ) T8 K-7+$ ($ D-5BA(Ji6 15-)*$ (36. (H, KC.L§52/+5 (5 1:"0pVg"s
/Q8+,B52)/C4, SODIBIHC.$52/+5-557 , 518

>?.7+, . D, 7(-158 /()8 F,§ 6C?)D§ -)I6 >I6 0705 "is "/+), , * (| % Ol "/+H-D70% jis %, .06 ()D§ 118
%, H(.CA-/BTFCKSTCIVA(I?(7,$1 2Fi-/$3-5BA(I5N5-)$1 .C/, ,D-) *54CHT+,$<89<8#)7, . ) (7-C) (B



"JHBC5-?HS C)$ 1,.4(5-4,5 3-5Bi(J56 1,K$ pC.LE 1pl 108 <89<l§ BB 9;9:9; K
3P#m+77BlccDQIDCHC. *c98199_Ge<=8; ; Ail<=83 i 9Gis

P8z 2 (8%, +# (!

T -7+-)87+,8/C)7,Q78C6 1 3: LVESK ,$-)4,57-*(7,D862)D(H, ) T8/ + (88, ) *,58-)8/. , (71-)*$25, .
6.-,)DiJs CB,)$ B, .4(5-4,$ D-5Bi(J$ ), 7TKC.L58 -)$ B(.7-/20(.5 ., *(.D-)*$ X(¥$ 7+,$ 7,)5-C)$
F,7K,,)$B.-4(/J8(DIB, .5C) (-5(7-C)$XFY$5-72 (7-) *$D-5BI(I58-)$7+,-.5, ) 4-.COH, ) 1B DSX/Y$
F2-0D-)*$,)*(*-)*$25, .8-)7, .6(/,58ECS(DD. , 5567+, 5,8/+ (66, ) *, 58

« 7.8 H(BB,Ds C?7 -)-1-(# 57(L,+CiD, .$ /C)/,.)58 C8 FCT+§ 4-,K, .5 ()D§ CK), .58
., *(.D-)*$B.-4(/J$7.25M8()DSBCT, ) 7- (854 (§? ,$B.CBC5-1-C)58() DS/ ., (7,D$($B.-4 (/J:
(K(.,$ (/+1,/1?.,8 /(80,08 E(/-1¢8 7+(78 5?BBC.758 (BB:F(5,D$ B,.5C) (§-5(7-C)$
K-7+C?78/,)7. (§B.Co-4-)*i8

e 1.SH(BB,D§C?77+,5D,5-*)$5B(/,$6C.$5-72(7, D§ D-5B3(J58 ()DS -D, ) 7-6-,D§ 5-Q8 /C.. . §
D-H,)5-C)58S(5,D$C)SCF5, .4(7-C)58 () DS-)7, .4-, KBS K-T+34-, K , .55 ()DSCB, . (7C .58
CHFCTHD-*-7(885-*) (*,$ DS (IC*?2,§) CT-/ ,SFC(.D5BK , $D. , K§?BID , 5-¥)$*2-D , i-) , 55
F(5,DiC)4/2..,)TSB. (/1-/, 58

e 1,$-)4,51-*(7,Ds 7+,5 .C3,$ C6 CB,)$ B, .4(5-4,§ D-5BI(JS ), TKC.L58 -)§ /CHH?)-7J8
/CHH?)-/(1-C)BF(5,D8C)$5,4, . (85+C.7:3 QDS H-D:7, .H$D, BiCIH, ) 755 ,$D. , K$
2BS($/CHH?)-138,)*(*, H, ) TSHCD, i/ (7,*C.M, D /CHH?)-735) , , D5 () D§ 25, DS (§
B.C/,555 F(5,D$ C)$ (§ /CHH?)-/(7-4,$ ,/CC*I$ HCD, § 7CS -D, )7-635 /+()) , B D, 5-*)S
S\?-., HL)T5

e 7,$KC.L,D§ K-7+§ D-5B{(J$ CK), .58 7C$ -D, ) 7-638 7+,-.§ /C)/, . )56 (ODS ) , , D58 K-+
.,5B,/78 1C$ 5/+,D?28-)*$ 25,.:/C)7.-F?7,D§ (OD$ B,.5C) (§-5,D8 /C)7,)7 C)$ CB,)$
B, .4(5-4,5D-5Bi(J5) , TKC.L58S (5, D8C)$7+,5,5. ,\?-. , H, ) 756K ,$D. , K§?BS )$-) -7- (i
D,5-*)$6C.$($5/+,D20-)*$5, .4-/ ,§7+(7552BBC.75886C) *:7, . HS (BBS5/+,D26-) *1§-) : (BBS
/C)7,)785/+,D?0-)*B()D5+C.7:7, . H$(BBS/CHBC5-7-C) s

e 1.5 5-H-(.838 ()(635,D8 57(L,+CID,.$ /C)/,.)58 K-T+$ .,5B,/75 1C8 -)7,.(/1-C)S
LB, .-,)/,08/. , (-)*$D-51-)/1§*2-D ,i-) , 5%C .84-, K , .56CK) , .56()D$D , 4, iCB,, .58P?2.$
*2.D,0-),58 (85C$ 5B, /-6-/(§J$ 7CCLS -)7Cs (//C?)78 H,7(B+C.55 (DD HCD(G-7-,5% 6C.§
/C)7,)78,)*(*, H,)BODYC)T, )87, . (/1-CYSK, iHUsT(L , (K (J5C.$2BIC(DYiss

e 71.$B.C4-D,D$/C)/.,7,8D,BICIH, )7s+,IBS6C.§52//, 55620835 . ) )-) *$ T-)§ 7+, § K-ADUS
577D-,5¢-)4C04-)*CB, )$B, .4(5-4,$D-5B3(JI58X7+,$1: "OpVg"$6. (H , KC.LYECSS, . , DSOS
O (835-55C87+,5D, 5-*)$5B(/,$5?...C?)D-)*$/C) 7, Y SHCF-6-138X7, 7+, ., DSC..$6. , , :7C:
.C(HYS OD$ ,)?H,.(7,D$ ,4(02(1-C)$ 7,/+)-\?,58 6C.8 () (835-)*5 CB,)$ B, .4(5-4,$
D-5B§(JiD, BICIH , ) 75i

P?2.$KC.L§+(58F, ,)8,Q7,)5-4,00§ BPFi-5+,D8-)$B, , ;. ,4-, K, D§4,) ?,50-)/§2D-) *$ 7CB:T-, .9
NC?.) (B58X02%$ E. ()5(/7-C)5$C)$ 2CHB?7, S F2H$#)T, . (/1-CYSEP2 F485VVVS 1, . 4(5-4., 38
BV 2CHB?T, Y8 ODS/C)6, ., )/, 58X, .4(5-4, 08 2F#8%CF-0, F2#Y87+(756, (72.,$ (/7 ,B1()/ ,$
(7, 55K, B5F , (CKS<8 HSFCK , 4, 5K , 8+ (4, SF (. , 8385/ . (1/+,D87+,852.6(/ , SCO8T+-55.-/+34 , - )$C$
.5, (./+5h§T+,852// , 555CE T+, $#) TS JHBCE-2HSC)S 1 , .4(5-4,$ 3-5BI(ISXN , . 3-5Y87+ (75K (58
57(.7,D§FJ87+,$/C)5C.7-2HS H, HF, .58D, HC)57. (7,5 7+,5*.CK-) * KC.IDK-D, $-)7, . , 575-)$
74-586-, iDS Q) DS6C.. H587+,$) 278, 255CE ($) (57, ) 18/CHH?)-1J8P2.$6272..,$KC. LIK-§/C) 7-) 2, $
1C$B, .6C. H$6C)*, .:7, .H$ D, BICIH, )75-)$ C.D, .$7C5 . ,6-),$ ()D§ ,Q7,)D§ C2.§-)-T-(i 5, 75 C68
*2.D,1-),56()D$-)5-*+75¢B. , 5, )7, Ds+, ., 6 $

#(



/76-7(%,!

16,(5,$5,,57+,8B.Cl,/TSK , F5-7,8 (7swww.pd-net.orgs 6C.$ 6208 (/7,558 7C$ 7+,5,$ (. 7-/8,58 1.C7,§
1+(18 (.7-/8,5 (?7+C. DS C?75-D,$7+,8 /C) 7, Q78 C6 1+-58 B.CN, /7 (. ,§ . ,6, ., )/, D§ (5§6CCT)CT, 56
D-.,/7038-)$7+,SH (-)$7,QTi8

XOBT7$ , 75 (608 <899 (Y$>18 OFTIS 146% , H (. CA-/08#s Vi+ (. T 318 S- (B8O /+H-DTS%I8 * () *+,-) .-/+ENS
F(.FC,BVIEF2()*8 () D% 1i§*/-B-C)-5T3,5-*)-)*$"+ (., D§ 1 ?F{-/$3-5B(J$ 1, TKC.L5§
O$#HB{-/ (7-C)5%. CHSECD (J1581 (B, .:S(5,D$1CT-/,50. , (5IUS-)$1 .C/, ,D-) *BICET+, SAT+S
07,.)(1-C) (82C)8,.,)/,5C)81, .4(5-4,52CHB?7-) *1§<899is

XORT$, TS(US<BOQFY>SOTHOS 1" +- . (M-SEL 1 2F-TM(B3LS- (68>18y (-D ) B%ISP .7, 5Siy . H (( 5ELs
" K, (O)DS 06 "/+H-DTS T3-*-6-, D51 £) 5-*+755-)7C3 3, BICI-) * 3-*-7(8§ 1 2Fi-/5 1CT-/ ,§
0.,(58-)§7+,5 1 -IDIUS-)§ O87+54)7, . ) (7-CY (B 2C)8, . , )/,§ CY$ %CF-{,§ ()D§ ¥ F-\2-1C 258
9%747-H , D-($X% 1 %$<899Y3, /, HF , .$<899%

XOR7s <89=Y5 Z8! 4E)1§ 08D, 5-*)$5B(/,$6C.$B, .4(5-4,5 (D4, .7-5-) *$ C)§ B?Fi-/$ D-5B(I5is$ 1+3
355, .7(7-C)$(TST+,81 ) -4, .5-1J6CE"7277* (. TUX<89=YS

XORTS , T8 (BUS<89=(Ys>BORTE " /+) , , * (| BOK" /+H-DTis2C*)-1-4 , V86, /155CK4) 7, . (/1-4, 1 2Fi-/5
3-5Bi(JS0BBi-/ (7-C)5K1 , . 3-55<89=

XORTS , 78 (Bt <BO=FY$>SOFTHOL" 8" +-. (M-BE-+is I 2F-TM(BOB"/+H-DTis#) 7, . (/1-C)$E , /+)-\?, 58C..$
2., (1-)SODIVQ/+()*-)*$2C) 7, Y SK-T+§1 2F-/53-5B1(JI58#)51 .C/ , , D-) *5iCH2 F4<89=

XS, J, .5, S(HB<BOVSNSS , J , . B>IOGTNjis%6xid, 501" /+H-DTS D5 (LCA-/5 S 1 IC5, 596" /+-, K, 1§
ODs#SF (285, )6s0?D-, )/ ,$F ,+(4-C.§(.C?IDSE(.*,$-)7, . (/1-4,8/30-)D.-/ (85/ . , , )5is$
£)8 1.C/,,D-)*58 C6 7+,5 "#/2F% 2C)6, ., )/, C)$ F2H()$ >(/7C.5 -)§ 2CHB?T-)*$
" J57, H5$BBIO8<9:98=81502%15<8991

XS.CJ8, TS(Rs<89=Y$ LSS . CIE>BOITE 8" /+) , , * (| SLEF, M, BOK"/+H-DTsN , ./ ,-4-)*$" (3., D
£)6C. H(7-C)$C)$=343-5B4(J5815-) *S-) C/23(.$3-5B(.-7Jis1 , . 3-5<89=§

X2(.DC5C$ () DS jC5k(§ <89<Yis 2(.DC5CHS gis jC5., 1 129, ] -D*, 751 08 B..C* . (HH-)*$ 7CCIL-7$6C..§
)7, .(/1-4,5 B?Fi-/$ D-5BI(JS (BBi-/(7-C)5i5 7+ 02%3 "#/2F# 5IJHBCS-?HS C)S
VY*2),,.-) )7, . (/1-4,8/CHB?1-) *$557, H5(6<89<}

X2(.DC5C$ () DSjC5kIs<89<. Y352 (.DC5CS () DSQsjCEKITE)T, . (/7-C)$OF57. (/1-C)586C.$D-5B1(J:
F(5,D8 (BB-/(7-C)5iUs “2FH-17,D§ 1CS V)*-), , .- )*$ )7, . (/1-4,$ 2CHB?7-)*§ **J57, H5
2CB,)+(*,)¥3,)H(.LEj?) ,$<Ch<ils<89<iX. I, /7,DYs

X28-) /45, T8 (M5 <BOOYS"523-) /+1 L83 (4-, 501> -D (IS () DS 26V657. (7-C218Tg , 69, /7-C) K87+, §
IC)*:7,.H825,5C8 ()$,QB, .-H, ) T(BD-*-T(85-*) (*,$5357, HILS-)§ 1 .C/, ,D-) *55 CB 7+, §
9=7+$-)TH8/C)S, . , )/ ,$C)$ 1 F-\2-TC?58/CHB?7-) *$X | F-2CHBI9OY(S 1, K$pC. L1 pls 1 **0l8
<8991BBI9==:9_<is

X28-)/+§ , 75 (§<89<Y$ 1§ 20-) /+BES 1 2F-TM(B LB B (4-, 50 ()DS%IS ™ () *+,-) .-/+8T3, HCI§ 25-) *$
HCF-1,iD,4-/,581C$B,, .5C) (i-M, $B,, . 4(5-4,$D-5BA(JI5IU5- ) $¥)S0DI?) /781 .C/ , , D-) *55CH5T+, §
987+ )7, ) (I-C) (8 2C)56, ., )/,$ C)$ %CF-§,§ " I57, H50 OBBi-/(7-C)50 ()D$ **, .4-/, 508
06CF-"J519<[5<89<ISBBK_AQ: A<is

X26-)/+(<89=Y8"§20-) /+KT"H (. 7B+C) , 55D I , . 4(5-4,§ 1 2F-/$ 3-5BA(I5ISVVVS T, .4(5-4, 8
JOL%(.8<89=l8"" 1196="":9<" i}

#)"



X20-)/+ 75 (65 <89=Y “i§ 20-)/+5 155 3(4-,56 EB N2F-TM(S i “H-T+8 (YD 08 >.-D(JI
1)D,.57()D-)*PK), .5+-BS()DSE. 2575-)$2JF , .:>C. (*, D 1 2Fi-/$3-5B3(I5K" ?FH-T7, D§
7C$1 F-2CHBI<89=3X. I, /7, DYis

X3(4-,58, TS(HE<B89=Ys 183 (4-, 50"123-) /+B>BOITKTL , .4(5-4,$3-5Bi(I55hs 1)D, .57()D-)*$7+,$
>272. $CH3-*-1(8"-*) (*, " I)T+,5-58 ", /72. , 55C)S%CF-i,$ds I , .4(5-4,$ 2CHB27-) *1§
%C. *()$dl$26 (JBCCH<89=(s

X3(4-,58 , 78 ({0 <89=FY$ 1§ 3(4-,50 %is " ()*+,-) .-/+§ 1§ 2§-) /+0§ #5 Vi+(. 708 O >.-D (I E+S
12F-INGODSSE" 2. (IF(BSE(/-1(8:8"?BBC.7-)*$ 1, .5C) (B-5(7-C)$-)$>272. 81, .4(5-4,$
3-5Bj(J81,7KC. 56" ?FH-77, DSTCS 1 F-2CHB$<89=X. , I, /7,DYS

XVi+(.TI§ <BO<YS 8 Vi+(.7i8 2C)7.CH ()D$ ", 8,/7-C)$ C8 2C)7,)75 C)$ (¢ 1,7KC.L$ C8§ 12F-/5
3-5Bi(J581 , .4(5-4,$<89<81+3§>C. PH$

XVE+(. 75, 75 (RS <BO=YS S Vi+ (. 70 118 % , H(.CA-/8 %S " () *+,-) .-/+B VIS g?F,*)-1§ 2C)7.C$ () DS
"/+,D28-)*#)7, .6(/,%C.51 PF6-/53-5B3(JI5k 1 F-2CHBI<89=$3 , HCIE . (/LS

XF(.DJS 78 (Bls <89<Ys jis F(.DIS Vis g?LN-Cl§ (D 1is 3(4-,50 Tg, (B:KC.iDS .,5BC)5,58 7CS
7, .(/1-4,8* 512 ,$F(5,D$ B2Fi-/$ D-5Bi(J58 U -)§ 997+8#) 7, .) (7-C) (5 2C)6, ., )/ ,$C)S
96CF-3,$() D$ 1 F-\?-TC258%267-H , D- (X% ¥ %$<89<YLs

XjC5KS ,78 (ilts <89<Y$ gis jC5KIS Fis 1-)7CH Sis 24 (1 O %,0.C5 ()D$ Fis gCD.-*? 505 TS, IC) DS
)7, .(/1-C)s ECCi58 (YD B. (/77,58 6C.$ 5-72(7, Ds B?Fi-/(1-C)$ -)$ D-5B3(J5 ) , 7K C. LS
1.C/i8 6 7+,84)7,.) (7-C) (8 "IHBC5-2HS C)$ 1, .4(5-4,§ 3-5BA(JI58 _:G$j?) (5 <89<$ hs
1C.7CH1C.72* (B
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ABSTRACT

Fuelled by falling display hardware costs and rising demand, digital signage and perva-
sive displays are becoming ever more ubiquitous. Such systems have traditionally been
used for advertising and information dissemination with digital signage commonplace
in shopping malls, airports and public spaces. While advertising and broadcasting an-
nouncements remain important applications, developments in sensing and interaction
technologies are enabling entirely new classes of display applications that tailor content
to the situation and audience of the display. As a result, signage systems are beginning
to transition from simple broadcast systems to rich platforms for communication and in-
teraction. In this lecture we provide an introduction to this emerging field for researchers
and practitioners interested in creating state-of-the-art pervasive display systems. We
begin by describing the history of pervasive display research, providing illustrations of
key systems; from pioneering work on supporting collaboration to contemporary systems
designed for personalised information delivery. We then consider what the near-future
might hold for display networks — describing a series of compelling applications that are
being postulated for future display networks. Creating such systems raises a wide range
of challenges and require designers to make a series of important trade-o [S.JWe dedicate
four chapters to key aspects of pervasive display design: audience engagement, display
interaction, system software and system evaluation. These chapters provide an overview
of current thinking in each area. Finally, we present a series of case studies of display
systems and our concluding remarks.

KEYWORDS
pervasive displays, digital signage, ubiquitous computing
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CHAPTER 1

Introduction

1.1 PERVASIVE DISPLAYS AND DIGITAL SIGNAGE

No-one can have failed to notice the increasing proliferation of digital signage. As hard-
ware costs have decreased, the prevalence of digital displays in public spaces has grown
considerably; displays of varying sizes, shapes and forms are now commonly seen in
everyday spaces. Train stations and airports often have digital arrival and departure
boards (indeed, finding an old-style analogue display is more of a challenge) while con-
ference venues and hotel lobbies use digital displays to share information on current and
forthcoming events. Displays are also becoming prevalent in public spaces such as city
squares and the workplace — replacing traditional notice boards and signage.

Figure 1.1: Examples of public displays

Of course just because they are becoming more common does not necessarily imply
digital signage is becoming more popular with potential viewers. As compared to many
other communications media, digital signage has a number of interesting characteristics
that makes it extremely popular, especially with advertisers:
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2 1. INTRODUCTION

Push-based distribution Viewers do not need to make an active decision to access
content on a typical digital sign. Rather, the content that is shown is often content
that the users themselves would not actively seek out but that others wish them
see — adverts being of course the canonical example. However, this ability to push
information to viewers has applications beyond adverts — for example in areas such
as information dissemination or emergency announcements.

Context-specific content The fact that signs are physically embedded in the world
means that the content they show can (and indeed should) be related to their
physical context. This is in contrast to many other communications media in which
information is often presented out of context - typically when the user is unable to
actually act on the message. A notable exception to this is of course web-advertising
which is deliberately designed to be context-based and by providing clickable links
allows users to act on messages immediately.

Multimedia content Unlike their traditional paper counterparts, digital signs can dis-
play a wide range of media types. In particular, digital displays are able to show
moving images that are particularly e [edtive at attracting viewers attention. This
provides new opportunities for engaging content.

Easy to update Traditional signs require a worker to physically visit them to update
their contents. In contrast, digital signs can be updated many times a day, from
thousands of miles away and for minimal cost. This enables digital sign screen
real-estate to be shared at a very fine temporal granularity.

Digital displays oLer the potential to enhance our public spaces. Digital signage
improves over traditional notices by facilitating frequent, timely updates, increasing
accuracy and enabling provision of highly-dynamic information that would not otherwise
have been made available. Such displays also o [erl new possibilities for improving the
aesthetics of a space by allowing the presentation of digital artwork, video or other media.
Furthermore, the introduction of personalised, interactive content on public displays
has the potential to promote viewer engagement with the space and to encourage social
interaction within the space.

Displays also have a rich research heritage. Early work such as [17, 81, 83] focused
on using displays as tools for communication and collaboration — principally driven by
interest in CSCW. More recently researchers have begun to investigate a much wider
range of applications for display networks (e.g. as a replacement for a classified notice-
board [1].

In terms of research communities, the study of displays spans many disciplines.
Technical work is often carried out by the graphics communities (especially research
focused on creating video walls) and the ubiquitous computing community. Indeed,
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Weiser’s original ubiquitous computing vision included large displays (yard-scale devices)
as integral part of the world he foresaw. In addition to this technical work, pervasive
displays are also studied in the social sciences and they attract significant interest from
the commercial sector.

One consequence of many communities working on this topic is that a number of
diLerknt terms have emerged for essentially the same concept. In this lecture we use,
interchangeably, digital signage, pervasive displays and public displays to all mean the
same thing, i.e. collections of one digital displays deployed in public, or semi-public
spaces.

Of course, digital signs are not without their shortcomings. In particular, com-
pared to web-based content it is hard to understand how many people actually see any
given digital sign (and hence supporting business models based around the number of
impressions or views of a piece of content is di Ccult). Furthermore, there is no signage
equivalent of a user “clicking through” on a piece of content. This makes encouraging
and, more specifically tracking, user actions extremely challenging in the signage world.
We will return to these issues in later sections on audience engagement and interaction.

A further di Cculity with digital signage is in actually encouraging viewers to see
and interact with content. Indeed, the creation and distribution of engaging content
is key to realising the potential olered by the installation of digital displays in pub-
lic spaces. Currently, despite their prevalence, public engagement with digital displays
in their environment is typically very low — viewers have become skilled at ignoring
them [133]. Research has shown that many passers-by look at public displays for less
that two seconds [82, 70]. Typical commercial display deployments are dominated by
generalised advertising content which is broadcast regardless of the current user set and
rarely tailored to individuals viewing the display. As a result, viewers tend to assume
that the content being shown is not relevant to them and exhibit what is called “dis-
play blindness” [133]. To compensate, content creators often simply add more motion
or colour to their displays in order to try and attract the attention of viewers but this
“arms-race” is clearly unproductive for both sides — viewers are most-likely ignoring
displays simply because they are uninterested in the content.

The key challenge for designers of future display systems is to create innovative
new systems that deliver real value to passers-by. As new display and sensing technolo-
gies become available to support this innovation we believe that such innovation will
occur and that digital signage will emerge as one of the core components of our future
computing infrastructure.

1.2 DISPLAY HARDWARE AND CHARACTERISTICS
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4 1. INTRODUCTION
1.3 LECTURE OVERVIEW

In this lecture we provide an introduction to the field of pervasive displays for researchers
and practitioners interested in creating state-of-the-art display systems. In Chapter 2
we present a chronological view of the history of pervasive display research, providing
illustrations of key systems from pioneering work on supporting collaboration to contem-
porary systems designed for personalised information delivery. In Chapter 3 we consider
what the near-future might hold for display networks — describing a series of compelling
applications that are being postulated for future display networks.

Creating pervasive display systems raises a wide range of challenges and require
designers to make a series of important trade-o [Sthnd we dedicate four chapters to key
aspects of pervasive display design: audience engagement, display interaction, system
software and system evaluation. In Chapter 4 we describe current models that attempt
to allow designers to understand how viewers and passers-by might engage with dis-
plays. This work covers a wide range of display types and applications. Once a user has
become engaged, most future systems will need to support interaction with the display.
In Chapter 5 we describe the state-of-the-art in display interaction — focusing mainly
on interaction techniques that involve a mobile device but also including a brief sur-
vey of other interaction techniques including gesture based displays. The software that
underpins pervasive display networks is described in Chapter 6.

Evaluation of systems is always important to researchers and in Chapter 7 we
describe a series of evaluation techniques that can be used in the context of pervasive
display research.

To demonstrate some of the practical implications of the tools and techniques
we have described we present in Chapter 8 two case studies: e-Campus and Digifieds.
Finally, Chapter 9 presents our conclusions.
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CHAPTER 2

The History of Pervasive
Displays

2.1 OVERVIEW

Pervasive displays and digital signage have a rich research heritage dating back over
thirty years. During the course of this lecture we will describe many systems when we
discuss specific aspects of pervasive displays, such as interaction or systems software.
However, if we were to only present systems in this fashion we run the risk of not con-
veying an overall view of how the field has developed over the long-term. As a result, in
this chapter we focus on providing a high-level summary of pervasive display research in
roughly chronological order, clustering systems according to the major research themes
of the time, i.e.:

1. 1980s -1990s: Displays as Media Links
Mid to late 1990s: Ambient and Wearable Displays
Early 2000s: Supporting the Workplace

Early to mid 2000s: Promoting Social Interaction and Community

o~ W

Late 2000s: Long-Lived Deployments

Of course not all research on a specific topic fits into the relevant time frame so,
where appropriate, we also provide pointers to follow-on work. We hope that this chapter
provides the reader with a simple way of gaining a broad appreciation of the research
that as been conducted in the field of pervasive displays.

2.2 1980s-1990s: DISPLAYS AS MEDIA LINKS

The use of digital displays in public spaces first emerged as a significant topic of research
in the 1980s. Early work took the form of ‘media links’, using video and audio links to
connect together physically separate spaces. For example, Kit Galloway and Sherrie
Rabinowitz created the “Hole-In-Space” [65], a three day art installation in November
1980. The installation featured two large back-projected displays (plus speakers and
cameras) installed in sidewalk-facing windows of the Lincoln Center for the Performing
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6 2. THE HISTORY OF PERVASIVE DISPLAYS

Arts in New York City and “The Broadway” department store in Los Angeles. A satellite
link between the two cities allowed the creation of virtual windows in which the video
feed of New York was shown on the screen in L.A. and the video from L.A. in New York.

Later projects in this period experimented with longer-lived connections, using
media links to facilitate interactions between workers in multi-site research institutions.
The Xerox PARC Media Spaces [17, 66] connected researchers at sites in Palo Alto and
Portland by providing steerable video and audio links in the “common area” of each
site. The media links ran 24 hours a day, seven days a week for over two years, finishing
only when the o Lced in Portland closed. Whilst originally intended to support formal
meetings, the majority of interactions over the links were chance encounters lasting for
less than five minutes. A similar system at Bellcore Labs, the VideoWindow [59], con-
nected researchers on two diLerent floors of the building using large projected displays
in common areas.

While the majority of the work took place in the 1980s and 1990s, a second wave
of media links on large public displays was developed during the early 2000s. Like earlier
projects at PARC and Bellcore labs, The Microsoft Virtual Kitchen [93] linked three
workplace common areas (in this case, kitchens) using media connections. A projected
image in each kitchen showed feeds from two other kitchens alongside the view from the
local kitchen and a television channel designed to attract viewer attention. In response to
privacy concerns, the system provided a mechanism to allow users to temporarily disable
the camera and microphone. Telemurals [99] provided a more abstract link between two
spaces in which video feeds from both connected sites were transformed to provide a
single projected view. The Telemurals projection altered to reveal more detail when it
detected interactions between the sites.

Media links also remain an area of interest for modern artists; in 2008 Paul St
George created the ‘telectroscope’, an outdoor interactive video link between London
and New York [6].

2.3 MID TO LATE 1990s: AMBIENT AND WEARABLE
DISPLAYS

2.3.1 AMBIENT DISPLAYS FOR CALM COMPUTING

Inspired by Mark Weiser’s vision for ubiquitous, invisible, computing [189], a series
of projects in the mid to late 1990s explored methods of ambiently augmenting the
environment with information displays.

The Flexible Ubiquitous Monitor Project (FLUMP) [58] used traditional LCDs
with the aim of providing a “heterogenous, ubiquitous multimedia information system...
enabling useful information to follow people around the [departmental] building” [58].
The initial FLUMP deployment consisted of a single “FLUMP station” (see Figure 2.1),
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2.3. MID TO LATE 1990s: AMBIENT AND WEARABLE DISPLAYS 7

i.e. a wall-mounted CRT display with an associated hidden computer [58], and a second
station was added later.

Figure 2.1: The Flump Deployment - An Early Adaptive Sign

To allow content to follow users as they passed the displays, FLUMP used an
infra-red badge and scanner system — Olivetti’s Active Badges [188]. If a FLUMP sta-
tion detected a user’s Active Badge it would show that user’s personalised homepage.
Homepages could include a variety of content items including unread email messages for
the user, upcoming appointments, a cartoon, and the opening status of a local coled
bar. When no registered users were detected in the vicinity of a display, the FLUMP
station would carousel through a sequence of default Webpages.

An alternative take on Mark Weiser’s vision for ubiquitous or ‘calm’ comput-
ing [190], was explored in a number of projects that focused on methods of peripherally
displaying information through non-traditional hardware. Natalie Jeremijenko’s Dan-
gling String [190] (also known as ‘Live Wire") was comprised of an 8 foot piece of plastic
spaghetti (string) that hung from a stepper motor connected to a nearby ethernet cable.
As data was transmitted over the network, the electrical signals caused the motor to
turn resulting in movement of the string and yielding a peripheral indication of the level
of tra Lc_During high-tra [cfderiods the string would whirl round “madly”, accompa-
nied by an audible noise from the motor, whilst in quiet periods only a small twitching
movement would be visible.
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8 2. THE HISTORY OF PERVASIVE DISPLAYS

Bohlen and Mateas’s O [ce Plant #1 [19] took the form of a robotic structure in-
tended to be reminiscent of a small plant. The plant was comprised of a small spherical
bulb mounted on a stem and surrounded by wire fronds; a speaker was concealed within
the bulb. The plant responded to incoming email by altering the plants physical posture
and could also emit a variety of background noises. The idea of ambient plant displays
was explored further in a collection of works in the mid 2000s: the LaughingLily [5]
provided an artificial plant mechanised to reflect the types of conversation occurring in
a meeting room (silence, productive conversation argument), whilst the Living Plant
Display [80], Spore 1.1 [50] and PlantDisplay [106] manipulated the environmental con-
ditions of real plants such that their health and growth reflected some additional data
sources (e.g. watering the plant to reflect an increase in share prices [50] or denying the
plant light to reflect a lack of social interaction between the plant owner and another
individual [106] or directing light, and therefore plant growth, to reflect trash/recycling
disposal [80]).

There are numerous other examples of ambient displays. For example, the Infor-
mation Percolator [76] used a series of 32 transparent tubes filled with water in order to
create a scrolling display of approximately 32 x 25 bubble pixels. Each tube was fitted
with two aquarium pumps that enabled air to be released up the tubes in a precise
manner in order to create a bubble to travel through the water. As the bubbles rose
up the display it created a natural scrolling e [edt. The display could be used to display
short pieces of text, a simple representation of activity in front of the display or in a
nearby corridor, and to gain attention through audio and visual patterns in order to
notify those in the space of an upcoming event or of the passage of time.

Figure 2.2: The Information Perculator
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2.3. MID TO LATE 1990s: AMBIENT AND WEARABLE DISPLAYS 9

Rodenstein experimented with use of Privacy Film-covered windows as a surface
for a projected images and animation to allow peripheral display of short-term weather
forecast data [155]. Their use of windows in this way was intended to complement
people’s natural instinct to look out for information gathering and aesthetic purposes.
Like Rodenstein’s windows, later work on the FogScreen [149, 150, 147, 151, 148, 146]
used projection to provide a mechanism for traditional image and animation display on
an unconventional medium. A variety of tracking mechanisms were trialled to enable
interactivity with the FogScreen [150, 147, 151] and a range of applications suggested
including performing arts [148] and advertising [146].

More recently Breakaway [92] and Clouds [73, 157] designed ambient information
displays as a mechanism for changing viewer behaviour. Breakaway [92] was a small desk
sculpture that moved into a slouching pose to reflect the inactivity of a desk occupant;
once the worker too some time away from their desk, the sculpture would return to an
upright position. The Clouds installation at the Open University [73, 157] was part of
a larger project designed to encourage use of the stairs in preference to the lift when
travelling within a particular building. Twenty-four coloured spheres hung from the
ceiling: half were orange and represented elevator use, the remaining half were grey and
represented use of the stairs. Each set of twelve spheres could be moved closer to the
ceiling or floor to reflect the changing use of stairs and lift; vertical distance between
the Clouds would indicate the di[erence between the number of people taking the stairs
versus those taking the lift. The installation was supplemented by an array of plasma
screens that gave a more detailed representation of stair/elevator usage for the current
or previous working week.

2.3.2 WEARABLE PERVASIVE DISPLAYS

While the vast majority of early public displays were static installations, researchers have
also explored mobile displays. Perhaps the earliest work on movable displays came in the
form of small interfaces that could be worn on the body and displayed information to
others. ThinkingTags [26, 24, 23] (part of the GroupWear project) extended conventional
name tags by augmenting them with 5 coloured LEDs which allowed a viewer to see the
degree to which they shared opinions with the wearer. Infrared communication allowed
two badges to exchange answers to five questions — for each answer the two badge owners
had in common a green LED would be lit, for each question they answered diLerkently
a red LED was lit. These small displays were intended to spark conversations between
attendees at events.

Further work in the GroupWear project led to the development of Meme Tags [25,
23]. Like ThinkingTags, Meme Tags took the form of a wearable name tag. Each tag
included an LCD screen capable of showing up to thirty-two characters of text at any
time. Infrared communication was again used to support data exchange between the
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10 2. THE HISTORY OF PERVASIVE DISPLAYS

tags — when badges came into range each would display a meme for the other using the
name of the viewer e.g.

Fresh meme for Bob:
Computing should be about
insight, not numbers (Borovoy et al. 1998 [25])

Like many modern systems, Meme Tags also provided support for information
takeaway — upon encountering a meme on another’s tag, viewers could transfer that
meme to their own to allow further sharing.

Ljungstrand et al. created a wearable display platform, ‘WearBoy’ [112], by adapt-
ing the components of a Nintendo GameBoy. Rearranging the components of the gaming
device allowed them to create a small wearable device just larger than the 2.6™ colour
screen and weighing less than ninety grams. Whilst much wearable computing work has
focussed on providing computing for the wearer (e.g. by augmenting reality with an ad-
ditional information feed) [57, 72, 193], the WearBoy platform formed the basis of two
wearable display devices designed to be visible to those other than the wearer. Active-
Jewel [112] provided a mechanism for users to express themselves with digital jewellery -
the WearBoy device formed a digital brooch that supported moving, repeating and non-
repeating patterns as a mechanism for drawing attention and decorating the wearer with
a visual representation of their personal values. By contrast, the BubbleBadge [53, 112]
was intended to be open to content from the viewer and the environment as well as the
badge wearer; scenarios focussed on the display of information in the form of relatively
short chunks of text. The badge was intended to be worn as a brooch, close to the
face, with the intention of providing information to the viewer and promote face-to-face
interactions.

Research in the wearable computing space continues but is predominantly focused
on providing personal computing services and displays to the wearer (e.g. Google Glass).
However, advances in smart textiles have been demonstrated to provide display capabil-
ities [8, 43, 67, 152] and these may provide an interesting technology for future wearable
displays.

2.4 EARLY 2000s: PERVASIVE DISPLAYS IN THE
WORKPLACE

2.4.1 DOOR DISPLAYS

Throughout the early 2000s, a number of projects began to explore the use of digital
displays as doorplates for o [ced, meeting rooms and shared spaces. Perhaps the first
such work, Palplates [115], was deployed at FX Palo Alto Lab and consisted of a set
of touch-screen terminals whose interfaces were keyed to their specific location within
the lab and were intended to support common tasks. Prototypes by Nguyen et al. [134]
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initially used a small character LCD and then later a small touch-sensitive colour screen
to support location specific messages and information (e.g. the last known location of a
particular o [celinhabitant); their ‘Dynamic Door Displays’ would also allow a viewer
to leave behind a message for the sign owner.

Two generations of Hermes door displays were developed and deployed at Lan-
caster University. Hermes | [35, 34, 60] was deployed outside ten o [ceFor twenty-seven
months between 2001 and 2004. HP Jornada PDA devices were mounted outside o [ced
within the computing department and connected to a central server using 802.11 net-
working. O Lcewners could use their displays to leave a message for passers-by (with
additional specific messages for particular individuals as identified through Java iButton
authentication): messages could be entered on the devices themselves, through a Web
interface, via SMS or MMS, using tangible buttons or via email. Visitors could leave
messages at the device using a stylus and touch-screen — their messages could then be
retrieved by the owner locally at the device, or remotely using a Web interface or email

client.
r

~ L

Figure 2.3: The Hermes Digital Doorplates

Following relocation of the department to a new building, the Hermes |1 [36] system
featured forty displays with wider screens than the original deployment. In addition to
the original Hermes | features, the devices supported video and audio messages and were
designed to support displays with multiple owners in shared o ['ced. A photo display was
also introduced.

The Intelligent Mobile Messaging System (IMMS) [12], was deployed outside stal[—]
o0 Lced within the Computer Science department at the University of Birmingham. The
system used handheld devices fitted to o [ce Hoors to act as information and messaging
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12 2. THE HISTORY OF PERVASIVE DISPLAYS

terminals for students who were hoping to interact with the o [celoccupants. O [cel
owners could update the message on their device using SMS or a Web interface and
messages left by students could be received through the same mechanisms (depending
on the urgency of the message and the device owners’ preference).

Unlike the previous systems in this section, RoomWizard [138] was designed for
deployment not on personal o [ceq, but shared meeting rooms. Each RoomWizard dis-
play consisted of an eight inch colour touch-screen mounted outside a bookable meeting
room; each display also had a pair of light strips along the side of the casing. The in-
terface would display the timetable of bookings for the day, a number of lines of text
describing the room’s current status (e.g. “booked for Person X”) and also a coloured
light indication of the room’s availability (green lights indicated availability and red
that the room was currently unavailable). Advance bookings could be made at through
a Web interface (each display also acted as a Web server) but ad-hoc bookings could be
made in-situ if the room was available. A deployment of five RoomWizard displays was
trialled in two buildings of a large UK company. Such systems are, of course, common
in many o Lce buildings now and form one of the application domains we shall explore
in Chapter 3.

2.4.2 WORKPLACE AWARENESS

In parallel with projects that explored the use of small public displays as digital door
plates, the early 2000s also featured a significant body of work exploring the use of
digital displays for improving awareness and developing a sense of community within
the workplace. For example, the Learning Communities Newspaper [81] took the form of
a Web-based application projected in a shared space used by members of the Learning
Communities group at Apple. News stories were submitted by group members, via email,
to inform other members and guests about their project work and events.

Greenberg described a prototype system, Dynamic Photos [69], in which a group
photograph hung in a space could be used to promote awareness of the availability of its
subjects and to support transition from awareness to conversation by providing a live
video connection. Greenberg used the elastic presentation system [32] to distort a digital
image of the group such that the size of a person’s face indicated their availability (as
detected through sensor data).

The Aware Community Portal [161] at MIT Media Lab consisted of a projected
display with an associated camera and server used to display items of relevance to
researchers within the laboratory. The display showed live news and weather feeds, an
hourly cartoon strip and a periodic clock update, a feed from the camera was also
shown. Unlike many similar displays within research workplaces, the Aware Community
Portal altered its behaviour in response to viewer engagement; as a user walked past
the display, articles would cycle through in sequence, if a user stopped to look at the
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display the cycle would pause and more detailed coverage of the current article would be
shown. In order to promote awareness of others behaviour within the space, the display
would show captured images of others looking at the articles on a timeline alongside
the articles themselves and would also show a general overview of movement within the
space.

The CommunityWall [68, 172] displays deployed at the Xerox Research Centre used
touch-sensitive SMART Boards [171] to display items submitted by users. Items could
be contributed by email, a Web bookmarking system, by scanning a paper FlowPort
[196] form, through Palm application and through KnowledgePump [68] a Web-based
bookmarking and recommender system. The display would show 10-15 items at a time
selected based on a set of rules that assigned each item a priority. The touch interface on
the display also allowed viewers to expand, email, print, rate or comment on each item.
Evaluation of the deployment of two displays showed that the system had approximately
twenty regular users and that at least 50% of articles were interesting enough to users
to have received some viewer interaction [68].

The MessyBoard was originally designed with the goal of improving memory and
awareness [55] but later development focused on improving communication between
coworkers [54]. The MessyBoard was a shared bulletin board space that could be modi-
fied via the Web and viewed as a screensaver or projected display. Trials with a number
of dilerknt groups suggested that use varied greatly and that projection of the display
in a public space increased interaction with the board. The MessyBoard was used both
for work-related purposes (e.g. arranging meetings or collaborating on projects) and for
play (e.g. collaborative games).

The Plasma Poster Network [39] consisted of three touch-enabled plasma displays.
The displays were located in the FX Palo Alto Laboratory (one in the kitchen, one in
a foyer and one in a hallway) and were oriented in portrait format to reflect the typical
layout of traditional paper posters. Content was generated from the laboratory’s intranet
pages and from items submitted by users via email and the Web. A “PosterShow” inter-
face cycled through content items and touch-screen buttons were provided for navigating
between content items, printing, forwarding and responding to items. The Plasma Poster
Network was evaluated through examination of the data collected through ten months
use and through interviews and email surveys. Over the ten months, 859 items were sub-
mitted, users commented that they tended to submit items they thought would be of
peripheral interest to others. The authors commented that their observations indicated
that the displays had increased social interaction between members of the lab.

Huang et al.’s Semi-Public Display [83] was deployed in the Everyday Computing
Lab at the Georgia Institute of Technology with the intention of promoting collaboration
and coordination of a small co-located group. The system used a touch-enabled SMART
Board [171] and provided four applications: a ‘collaboration space’ for asynchronous
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brainstorming and discussion around a topic; a set of reminders; an ‘active portrait’
that provides a graphical representation of group activity over time; and an ‘attendance
panel’ that provides an abstract visualisation of planned attendance at upcoming events.
After two weeks of deployment, an initial evaluation suggested that the attendance panel
and reminders were regarded positively and were useful in helping maintain awareness
within the group whilst the collaboration board and active portrait were less useful,
perhaps because of technical problems.

Moving away from the academic setting, Bardram et al.’s AwareMedia system [10]
was designed to raise awareness and support messaging within the surgical ward of a
hospital. The deployment consisted of a total of ten clients (mostly large touch-screen
displays, some with associated cameras) and Bluetooth-based location tracking. The
screens were required to be very information-heavy, with support for social awareness
(awareness of a person), spatial awareness (awareness of a place) and temporal aware-
ness (awareness of past, present and future) as well as providing a messaging service
between locations. Evaluation interviews three months into the deployment suggested
that the displays were useful for asynchronous communication and that the awareness
information was useful for informing behaviour. Wilson et al. [194] also explored use of
a large display in a medical setting. They focused on handover practices between shifts
and ran a simple two-week probe in which a digital photograph of existing paper records
was projected onto the wall of the handover room.

2.5 EARLY TO MID 2000s: PROMOTING SOCIAL
INTERACTION AND COMMUNITY

Following on from themes introduced by early wearable displays a number of display
projects in the early to mid 2000s had the specific aim of promoting social interaction.
The GroupCast system [119, 117, 118] consisted of a single peripheral display deployed
in a common area of the Accenture Technology Labs. Unlike other workplace displays, its
aim was not to promote awareness within the department nor was it intended for active
engagement. Instead the display aimed to show items of interest to at least one passer
by (as identified by an infrared badge system) in the hope of sparking conversations
between colleagues.

The Interactive Wall Map [117] consisted of a large wall map (approximately 4m
X 2.5m) augmented with three pairs of flat-panel touchscreen monitors placed within
diLerknt geographic regions, and twenty-four buttons placed over cities of potential
interest. Location related information was displayed in response to user presence or
could be explicitly requested by using the button switches. The map was intended to
elicit conversation and stories around place and travel.

Brignall and Rogers’ shared display, The Opinionizer [29], was designed for infor-
mal gatherings and allowed users to add their views and opinions for others to observe
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and comment on. The system was trialled in two scenarios: a book launch party (two
hours, approximately 300 attendees) and a welcome party for new postgraduate students
within one school of a University (2.5 hour deployment, approximately 150 attendees).
The Opinionizer consisted of a large projection controlled by a laptop which was also
used for entry of the opinions/comments. Interaction with the Opinionizer increased
throughout the trials and many participants were positive about the display as a mech-
anism for supporting social interaction.

The Dynamo interactive surface [28, 90] consisted of one or more displays, tiled
either horizontally or vertically. The surfaces were designed to promote collaboration
and could be used as a communal resource with private areas ‘carved o ["for individual
or shared use. Interaction with Dynamo could be achieved through a mobile device (e.g.
laptop, PDA) or through an ‘interaction point’ consisting of a set of USB slots, a wireless
keyboard and wireless mouse. The surface supported a wide-range of media types that
could be displayed or exchanged. A two-week deployment in a high school common room
showed that the system was an e [edtive means of sharing media both by making the
files available and also by promoting performance-style interactions [28]. The students
quickly appropriated the system for their own purposes.

Systems such as Sparks[38] and Ticket2Talk [120] were developed to encourage
conversations at conferences. For example, Ticket2Talk was deployed at an academic
conference. Each participating user was equipped with an RFID tag and registered by
submitting an image and caption representing an interest or topic that they would be
happy to talk with others about. A single Ticket2Talk display was deployed behind
to one of three tables used for serving drinks and snacks during breaks; as tags were
detected at the display they were added to a queue of nearby participants. The display
cycled through the queue displaying each person’s conversation starters alongside their
name and photograph; each one was displayed for five seconds. Evaluation suggested that
the display did result in some additional social interactions but that overall respondents
did not consider that Ticket2Talk made a significant positive or negative impact on the
conference.

Displays continue to be used as a mechanism for promoting social interaction.
Farnham et al. deployed their CoCollage display in a community-oriented cafe to support
awareness and face-to-face interactions. CoCollage provided tools for the creation of
online profiles which allowed the sharing of media and provided a mechanism for online
conversations. Cafe community members could then share items using their profile which
were visualised as a continuously updated collage on the screen in the cafe — items from
physically present users were prioritised over those from other community members.
Within the first month of deployment, 82 users had created accounts. 71% of users
uploaded content for sharing. Between 20% and 30 % of users added comments to shared
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items, commented on profiles and sent instant messages. Users who reported that they
would like to make friends were more likely to actively participate in the system.

Another recent deployment, a display-based yearbook system referred to as
USIAlumni Faces [158], was found to support the sharing of memories and to stimulate
conversation between groups of people meeting around the display. The system used a
large screen together with a custom-built input device contracted from a Wii [135] con-
troller and infrared pen. Over two hundred attendees used the deployment of USIAlumni
Faces at a University reunion event.

2.6 LATE 2000s: NETWORKED AND LONG-LIVED DISPLAY
DEPLOYMENTS

The late 2000s saw an emergence of long-lived deployments in a variety of locations
including city centres, rural communities and University campuses.

Commercial display deployments, typically used for advertising purposes, became
(and remain) increasingly common in urban spaces. For example, the INFOSCREEN
deployments in Germany [179] and Austria [85] first began during the late 1990s, with
expansion into Poland in 2009. Similar networks now exist worldwide (e.g. DSN [49]
has over a thousand displays across India, and Infoscreen Networks plc [86] owns and
operates displays within public transport and urban areas of Kuala Lumpur, Malaysia.

The following paragraphs detail research deployments that may be considered
‘long lived’ — typically those deployed for a number of years. Within an urban context,
many now feature as part of the street furniture. For deployments in rural areas and
universities, the displays have often become a key tool for the community.

2.6.1 URBAN AND RURAL DEPLOYMENTS

The UBI-hotspots deployment in Oulu, Finland [75, 140] consists of twelve hotspot sites
each including one or two 57" LCD panels (indoor hotspots feature a single outward
facing display whilst outdoor hotspots use two back-to-back LCDs to support use from
both sides). Each hotspot is also equipped with a loudspeaker, cameras, network access
points and an NFC reader. The hotspots were deployed in 2009 and have formed the
basis for a number of studies, acting as a “‘heavyweight’ urban probe” [75, p. 1]. One of
the case studies we describe in Chapter 8 was deployed on the Oulu testbed.

A further example of an urban deployment is the CityWall [77, 91, 143, 142,
128] that was deployed in Helsinki in May 2007 and was originally intended to show
information during large events (e.g. the Eurovision Song Contest) but subsequently
formed the basis for a number of multi-user interaction studies.

In contrast to the above works, the Campus Co [ed Display [37, 101], was an indoor
deployment and consisted of a single display sited within a a cafe in Newcastle, UK.
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The display remained in place for over two years and provided information on local
cultural events. For researchers, the display acted as a technology probe to explore
display engagement behaviour.

While the above deployments have focused on urban deployments, there has also
been research into the use of displays in rural settings. In 2006, an adaptation of the
Hermes photo display (described in Section 2.4.1) was deployed in Wray, a small com-
munity in Northern England [37, 184]. The system was modified in response to commu-
nity feedback and in 2010 the capacity to submit local advertisements, news and event
information was added [36, 182, 183]. The display was positively received within the
community eliciting a number of comments regarding its usefulness for new residents
and visitors as well as existing residents [181]. Nnub [153, 154], a similar display sys-
tem, was deployed in a suburb of Brisbane in 2008 and has since expanded to include a
number of displays in di Lerknt Brisbane communities [137].

2.6.2 UNIVERSITY DEPLOYMENTS

Probably the largest and most well known campus public display deployment is the
e-Campus system at Lancaster University[63] that we describe in detail in Section 8.2).
However, many universities have experimented with research into digital signage. For
example, a combination of ‘News Displays’ and ‘Reminder Displays’ formed the iDis-
plays [131, 133] deployment at the University of Minster, Germany. Following an initial
prototype in 2005, a total of seven iDisplays were deployed in May 2006. Placement of
either a News or Reminder display was optimised for the location type — News dis-
plays were deployed in entrance areas (highest number of unique viewers) whilst Re-
minder displays were located throughout the department building (for repeated viewing
throughout the day). Four of the deployed displays were later reused for ReflectiveSigns
[130]. Photos, comics, news, short videos and other content items were shown on the
displays. Content display was initially displayed randomly, but as face recognition data
was collected the displays combined historic view times with the known location of the
display and the current time of day to weight the content by expected view time.

The Open University’s ‘Clouds’ (see Section 2.3.1, ‘Follow-The-Lights’ (LED navi-
gation display) [73] and ‘The History’ (a tiled plasma display spanning 3m x 3.5m) [157]
were also a University-based deployment. The three-display installation was deployed in
the late 2000s.

2.7 SUMMARY

In this chapter we have highlighted the enormous amount of prior research that has
been conducted in the field of pervasive displays. As with most surveys our coverage is
incomplete. We have not, for example discussed the contribution of the graphics com-
munity to work on creating video walls nor have we described hardware innovations in

67




18 2. THE HISTORY OF PERVASIVE DISPLAYS

display technology. However, the chapter does provide coverage of many of the important
systems that any researcher in the field would be expected to know.

In closing this chapter we note that in contrast to many branches of computer
science, the field of pervasive displays appears to have attracted multidisciplinary re-
search from the outset — perhaps because of the important roles that both users and
content play in this type of research. In the following chapters we build on this survey
and discuss specific aspects of pervasive displays such as applications, interaction and
systems software.
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CHAPTER 3

Applications

3.1 INTRODUCTION

As we have seen, pervasive displays have a rich history. In this chapter we focus on
the applications of pervasive displays, both current and future. As we shall see, while
existing applications are focused largely on replacing traditional analogue signs, it is
likely that future applications will provide entirely new functionality that does not have
direct counterparts in analogue signage.

3.2 CURRENT APPLICATIONS

Excluding research prototypes, most widely deployed pervasive display systems are used
for one of four dilerkent applications: advertising, information presentation, signage or
entertainment.

3.2.1 ADVERTISING

Advertising is a major application domain for all forms of public display and digital
signage. It forms part of the general class of advertising called out of home advertis-
ing. According to the Outdoor Advertising Association of America out of home ad-
vertising generated annual revenues of $6.388 billion in 2011 [141]. Large networks of
screens owned by advertising brokers such as Stréer (http://www.stroeer.com) and
ClearChannel (http://www.clearchanneloutdoor.com/products/digital/don/) sell
advertising space on signage networks to a wide range of customers. Adverts form a
crucial part of most display networks as they are the principal means by which such
networks are funded.

In addition to “standard” advertising solutions of the type that can be seen in many
shopping malls and airports, we can identify a number of di Lerent types of advertising
that take place on digital signage networks:

Point-of-Sale Displays Many retailers are moving to digital displays at the point-
of-sale to advertise additional products. For example, companies such as Gas
Station TV (http://www.gstv.com) and Pumpflix (http://www.pumpflix.com/)
specialise in digital advertising at gas stations. The displays are embedded in the
gas pumps and take advantage of the time that users spend pumping gas to show
adverts. Such advertising has a number of advantages over regular digital signage,
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including the fact that the audience is of a fairly well-defined demographic and are
just about to make a purchase so will have an opportunity to act on any advertising
message.

Very Large-scale Public Displays Very large-scale public displays have undeniable
impact. From the first displays in Times Square in 1928 to recent initiatives such
as the BBC Big Screens these displays attract attention by virtue of their scale.

A number of factors influence the success of advertising on digital signage. Most
importantly is, of course, the location of the display. This includes not just making sure
that the display is sited in an area with significant foot-fall — but also making sure the
display is mounted at the correct height and orientation. Research has shown that this
can have a significant impact on the amount of time users spend looking at a display [82]
— with eye-level being more e [edtive than the more common overhead style of mounting.

Wherever a display is situated, it must compete for viewer’s attention. In 2007 the
New York Times reported that residents of large cities see up to 5000 adverts each day
[175] and producers of adverts for digital signage face an uphill struggle to attract viewers
attention. As a result, the challenge facing signage owners is how to create content that
attracts attention yet does not promote a backlash from viewers. One approach that
is being explored is to combine adverts with content that has direct value to viewers.
Such an approach has a long history in other forms of advertising, examples include in
television where adverts are interleaved with content and in tourist information where
adverts are placed around a city map.

In [2] the authors present a table, reproduced below in Figure 3.1, illustrating how
such multiplexing of adverts and content can take place in digital display networks.

being touched

Content presentation mode
Interaction type Time multiplexing Space multiplexing Integrated
User-initiated Full-screen advertising display that Browsable bus timetable with ads Interactive ball game with a corporate
switches to a store directory upon next to the schedule logo attached to the balls

System-initiated

Looping slideshow of various types of
content including ads and information

Ads and information displayed side-
by-side on the same screen

City map with embedded restaurant
ads

Figure 3.1: Multiplexing Information and Adverts [2]

As can be seen, content and adverts can be multiplexed in both time and space,
and the switch between content and adverts can be initiated by either the system or by
a user action such as touching or approaching the screen.

A further challenge facing advertisers using digital signage is supporting the “take-
away” of information from the display. In print advertising viewers can, for example, be
supplied with tear-o Ccbupons while the web provides a natural model by o [ering viewers
links to follow for more information or to make a purchase. Advertisers in the digital
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signage world have experimented with multiple technologies to support information take-
away including QR codes and RFID tags. Recently digital signage systems that include
a vending component have started to emerge. For example, in the UK the supermarket
chain Tesco has created a virtual store at Gatwick Airport (Figure 3.2) that enables
users to carry out last-minute shopping for home-delivery ready for when they return
from their trip.
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-

Figure 3.2: Virtual Shops - Tesco System at Gatwick Airport

These systems that combine advertising and vending address the problem of take-
away but demand significantly more interaction with the user and hence are not suitable
in many situations in which users have limited time to engage with the system.

3.2.2 INFORMATION BOARDS

A major use of digital signage is as providing information displays. Such displays are fa-
miliar sites in airports and stations across the world (Figure 3.3). Such systems are often
highly complex featuring a very large number of displays and have almost completely
replaced traditional split-flap signage used in these domains (Figure 3.4).

In addition to providing travel information large scale public displays are also often
used for providing information on the status of systems — for example at IT help-desks.
In this way the signs are providing a form of public dashboard for the system being
monitored. Pervasive displays can also be used to provide information displays such as
In/Out boards. Indeed, a very early piece of research into context-aware systems was a
context-based In/Out board developed by Anind Dey [47] that allowed users to register
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Figure 3.3: Information boards at York Station, UK (By Green Lane (Own work) CC-BY-
SA-3.0-2.5-2.0-1.0 (http://creativecommons.org/licenses/by-sa/3.0), via Wikimedia Commons)

their entry to and exit from a building using an iButton. The system then updated a
digital In/Out board accordingly.

In the above examples we have described displays that provide simple information
display but there are, of course, a vast number of public displays that also support
interaction. Such displays, often classified as kiosks, typically have a touch screen that
enable the user to search for information such as available hotels or tourist information.

3.2.3 SIGNAGE

Traditionally signs have been used for a wide range of purposes including identification,
navigation and warning. Street signs are a classic example where a set of nationally or
internationally agreed symbols are used to provide information to drivers on issues such
as speed limits or road hazards.

The introduction of digital signage as replacements for traditional signs has en-
abled signage to become dynamic and brought corresponding changes to their usage.
For example, the speed limit on a highway used to be posted using a static sign and the
speed limit remained fixed over an extended period of time. When temporary changes to
the speed limit were required (e.g. as a result of road-works) corresponding temporary
signage was required. The replacement of static signs with dynamic road signs has en-
abled new ways of managing tra [cflows through variable speed limits (see Figure 3.5).
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Figure 3.4: Traditional Split-flap Signage (By Hisa Ueda (Snap Shot) [Public domain], via
Wikimedia Commons)

In the UK for example such signs have become commonplace on major motorways with
the limits being enforced by speed cameras.

Replacing static signage with digital signs has also become extremely popular in
o Lce'knvironments. These systems typically provide a range of functions including au-
tomatically updating to reflect the meetings scheduled for a room and may also provide
advanced features such as the ability to leave messages for a room’s occupants. Initially
conduced as research projects, e.g. by Cheverst et al. [35] (Figure 2.3), such systems are
becoming commonplace in o [ced.

Digital signage has also found applications in navigation. A number of researchers
have explored how signage can be used to navigate visitors around a building (e.g. [102])
and recent work has explored how digital signs can be combined with mobile devices to
provide individualised directions.

We note that as the cost of digital signs continues to fall we can envisage an ever
increasing number of traditional static signs being replaced by their digital counterparts.
For example, fire exit signs might be updated to provide dynamic information on the
best escape route in the event of a fire or future navigation signs might update based

on the mobility access requirements of the viewer.
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Figure 3.5: Variable Speed Limit Sign (http://commons.wikimedia.org/wiki/File:
Variable\_speed\ limit.jpg)

3.24 ART AND ENTERTAINMENT

In the previous sections we have focused on important but rather mundane uses of digital
signage. However, signage and displays are also used for a wide range of applications in
the area of arts and entertainment.

Artists have long seen pervasive displays as an interesting and important artistic
medium. For example, one of the first innovative uses of public displays was Galloway
and Rabinowitz’s (1980) Hole-In-Space (Figure 3.6) in which they provided a live video
link between New York and Los Angeles using public displays situated in empty shop
windows.

!
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Figure 3.6: Galloway and RabinowitzOs (1980) Hole-In-Space

Today artists continue to find innovative uses for pervasive displays. Displays form
a natural mechanism for showing interesting information visualisations, as illustrated in
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Figure 3.7 where a display in the Gates Building at CMU shows the Electric Sheep
artwork by one of its graduates, Scott Draves.

Figure 3.7: Information Visualisation at CMU

Displays can also be used for showing short art films. For example, the e-Campus
display network at Lancaster University was used to show a number of videos commis-
sioned by the campus’ Nu Theatre. The art work, entitled “Finding a Language”
[111], was a collaboration between a video artist and poet and involved the creation of
a sequence of seven new short videos that explored the notion of space within the con-
text of the University campus. In addition to showing the videos as part of the regular
schedule of signage content visitors to campus could also specifically request the videos
using a novel interaction model based on Bluetooth device names [45].

One of the most well-known uses of large public displays for entertainment pur-
poses are the BBC Big Screens. These 25 square-meter displays are situated in a number
of UK cities. They are operated as a partnership between the BBC and local councils
and show a wide range of content. For example, the BBC have run a number of competi-
tions to enable artists to create content specifically for the screens. The Big Screens are
particularly popular during large sporting events which many people gather to watch
live at the city locations.

Despite their popularity it was announced in 2012 that the BBC would be closing
its Big Screens department in 2013 as part of a cost-cutting initiative (http://www.
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Figure 3.8: A BBC Big Screen

bbc.co.uk/blogs/aboutthebbc/posts/bbc-and-the-big-screens). It is anticipated
that local councils will continue to operate the screens.

3.3 FUTURE APPLICATIONS

We have looked at current uses of pervasive display networks but how might future
public display networks change our lives? In the following sections we describe a number
of scenarios for future display networks. These scenarios help illustrate the variety of
uses to which a display network can be put.

3.3.1 EMERGENCY SERVICES

Sue realizes she has lost her daughter Millie in the local shopping centre. She immediately
calls the local police who ask her to send them a recent photo from her mobile phone.
Within seconds all of the displays in the shopping centre are showing a photograph of
Millie together with a number to call. As the minutes pass the photographs spread over
an ever increasing area — reflecting how far away Millie might be. Five minutes after the
first call Millie and her mum are reunited after the child was found by a fellow shopper
who recognised her photo from the screen.

There is nothing more frightening for a parent than the thought that they have lost
their child; or worse still that their child has been abducted. It is crucial to act quickly
and it is tremendously valuable to be able to enlist the help of others in the hunt for
the child. Within a single domain (such as a shopping centre) it is usually easy to have
an announcement made over a public address system but without a picture it is di [culit
for shoppers to recognise the child from just a verbal description. Despite the presence
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of multiple public displays, with current systems it is almost impossible to instantly
circulate a photo so that everyone knows who they’re looking for. In the high street where
there are multiple display management domains or as the search expands to wider and
wider areas, nationally or (as in cases such as Madeleine McCann) internationally, we
simply lack the technologies to unite display resources to e Lciehtly share this important
content and the fine control to target where and when to place it.

Public displays represent a particularly e [edtive form of information dissemination
in emergency situations because of their ability to reach the full cross-section of the
population in an area. In contrast, national systems such as the UK’s Child Rescue Alert
or the American AMBER Alert system that focus on television and radio are limited in
their e [edtiveness because they deliver content to viewers at home not citizens present
at the critical location. Broadcasting to mobile devices is also not e Ledtive as it requires
explicitly pushing information to users’ devices.

Allowing emergency services to appropriate displays in an ad-hoc and spontaneous
manner to get information to citizens in a timely way could also help in case of natural
disasters or terrorist incidents. With a unified display network, all displays within a
cordon encircling the area could be targeted. Content can be adapted to reflect the
position, size and orientation of the display together with its geographic placement
relative to the epicentre of the emergency; for example, displays seen as people travel
toward the emergency can warn them to turn away whereas displays seen while travelling
away can give helpful navigation instructions to safe areas.

3.3.2 INFLUENCING BEHAVIOUR

Jack is six years old and participates in his local walk-to-school programme — an initiative
aimed at increasing fitness among school children and addressing childhood obesity. To
encourage participation, a simple game has been deployed on the area’s public display
network. As Jack walks to school he passes a number of displays, each showing a cartoon
character that gives him an update on his own progress and that of his friends. By visiting
the displays Jack also collects “golden leaves” on his mobile phone — when he has enough
of these stickers his school redeems them for a sticker book.

Aledting societal change is extremely challenging for any public agency. Public
information is often perceived as unwanted or badly targeted and hence fails to have
the desired results. As ‘push’ campaigns are often static content (leaflets) and/or uni-
directional (television based advertisements) there is a technical and financial limit to
how well the content can be tailored for a particular audience (e.g. raising awareness of
initiatives local to the viewer); it can also be easily missed, discarded or “channel-surfed"
away from.

A network of interactive displays o[ers new possibilities for e [edtively communi-
cating with a target audience. In the case of Jack and his parents, information is delivered
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in-context as they pass by: it’s available because the system detects that they are there
and are in the target demographic. The content need only be available on school days
and at appropriate school arrival and departure times, helping avoid overexposure. The
use of sensing and interactivity with personal devices such as mobile phones, in this case
allowing Jack to collect his ‘golden leaves,” allows a new dimension of interactivity not
currently available in public information campaigns. This enables new ways of engaging
with the populace over social issues such as health and well-being (e.g. fitness, stopping
smoking) and for improving awareness and engagement with wider political issues (e.qg.
canvassing popular opinion). Naturally, location tracking becomes a significant issue in
such a scenario, hence the importance of building blocks such as the Tacita system.

3.3.3 LOCAL STRAWBERRY SALE

A small, local fruit shop has a lot of fresh strawberries to sell and it is only a few hours
until closing time. The owner knows strawberries are selling well at the supermarket and
his price is certainly competitive but he needs to get the word out to the locals that they
can buy strawberries for him at a good price. He easily creates a short advertisement and
sends it to the new “local shopper incentive” scheme running on public displays around
the town. In this scheme shoppers who see his advert can clip a voucher that entitles
them to a discount; it also contains the location of his shop. He’ll have to pay a small
amount to the display owners who show his advert based on every new customer who
‘takes’ a voucher, but he’s quite sure selling the strawberries will easily cover this.

Local shops are already deploying displays in their shop windows to attract pass-
ing trade. By working together to combine their resources and joining an open public
display network, a ‘crowd-sourcing’ or ‘network eledt’ could be achieved. Local shop-
keepers could reach a mass audience at very low cost. Indeed, the network could support
a ‘micro-value chain’ where payments for adverts are small and easily budgeted for —
analogous to the Internet advertising revolution where Google AdWords campaigns o Lerl
cheaper, more democratically available, and contextually targeted adverts, than tradi-
tional broadcast newspaper and TV media.

This scenario also points to the challenge of finding both a viable economic model,
as well as a viable trust model, in order to convince display owners to open up their
displays to content from potentially unknown sources.

3.3.4 SELF-EXPRESSION AND PERSONALISATION

Mike is a fanatical supporter of his favourite rock band and cares deeply that his appear-
ance and accessories match the band. As Mike gets ready to go out to a concert on a
Saturday night he chooses his clothes, styles his hair and selects the appropriate images
he wants to project onto nearby public displays. As he gets closer to the venue, nearby
displays start showing a subtle overlay on their content that hints at the band’s logo.
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Closer to the venue the images become more prominent and Mike is happy to see the
images he selected being combined with those of fellow fans to create unique montages
that reflect their shared passion for the music.

Many people enjoy making a statement for others to see. Clothes, jewellery and
footwear are carefully chosen to show profession, interests, mood, or the music or sub-
culture they identify with. Houses, gardens, cars are all accoutrements of social status
and objects of conscious or unconscious display. Even gra Lti_tan be seen as a par-
ticular form of personalisation, in which disa[edted youth ‘tag’ locations with their
personal messages. Display networks might help channel this creativity and desire for
personalisation. ‘Street’ applications can emerge that allow for new ways of associating
personalisation, identity or membership. New types of interactive situated games can
create new activities.

There are many other demographics that can benefit from personalisation and,
as with the Internet, the range of applications and potential for innovation is without
limit. Singles can hint at their availability in the presence of other like-minded individ-
uals, using the displays as a virtual ‘aura’ to express their moods, intentions or desires.
Clubs, societies and bands can find new ways of recruiting members. Those wishing for
conversation can find topics of common interest or gain insight about the people around
and their interests. Displays can be used in an ambient fashion to intrigue or for the
development of new forms of situatuated ambient or interactive public art.

3.3.5 CYBER-FORAGING: TRANSIENT DISPLAY USE TO AUGMENT
MOBILE HARDWARE

Dr. Jones is at a restaurant with her family. She is contacted during dinner about a
pathology slide that must be interpreted while surgery is in progress. Viewing the slide
on her tiny smartphone screen would be useless. Fortunately, a large screen in the lobby
(that usually displays advertising) is available for brief use by customers. Walking up
to the display, Dr. Jones views the slide at full resolution over the Internet. Using her
smartphone for control, she is able to zoom, pan and rotate the slide just as if she were
at a microscope in her lab. Privacy-sensitive clinical information about the patient is
displayed only on the smartphone. Dr. Jones quickly interprets the slide, telephones the
surgeon, and returns to dinner.

This scenario presents a very explicit, intentional model, in which a user cyber-
forages for a public display to supplement the capabilities of their mobile device. It
illustrates a world in which public displays become part of the general computing and
networking infrastructure to be leveraged by passers- by, much like a public wi-fi access
point. One can imagine many other scenarios involving transient use of appropriated
displays, perhaps by users many thousands of miles from their home environment. For
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example, the use of conveniently-placed displays to view detailed plans and engineering
drawings could aid a visiting expert providing advice in a factory or industrial setting.

3.3.6 PERSONALISED INFORMATION

Laney is a keen traveller who takes every opportunity to visit new places. She’s recently
come back from Hong Kong and is working all hours at her three part-time jobs whilst
considering her next big trip: some friends have invited her to join them on a trip to
Morocco but she also has an opportunity to go to Russia with an old contact. On a
quick break for lunch she can’t resist the urge to look in a nearby travel agent’s window
for inspiration. She glances at the last-minute package deals but nothing appeals to her.
In the remainder of the window, a digital display shows flight costs, weather and other
local information for a selection of worldwide locations. As she turns her attention to
the display she realises that among the listed locations weather is supplied for Moscow
(currently 1°C) and Rabat (currently 18°C) — she’d been researching hostels in these two
locations only last night. As she walks away from the travel agent’s she thinks some more
about her options — a cheap trip to cold Russia, or a more expensive flight to warmer
Morocco — it’s certainly cold at home right now, perhaps a warmer climate would be nice.

In an earlier scenario we already described how displays might be used to support
self-expression through personalisation. In this scenario we describe a scenario illus-
trating a di [erent type of personalisation, i.e. personalisation of the information being
presented.

Of course, the mechanisms used to support this scenario may well be similar to
those used to support personalisation but the overall e [edt is quite diLerknt. Instead of
using the display to broadcast information about ourselves, we are instead e [edtively
issuing a query to the system and viewing the results — it is the dilerknce between
posting a web page and posting a web query.

Our example shows personalised travel information but future signage systems may
well support a wide range of personalised information such as menus from a viewer’s
favourite restaurant or details of upcoming events that are likely to be of interest.

3.4 ANALYSIS

In this chapter we have considered existing and emerging applications for pervasive
display networks. Existing applications such as advertising or signage tend to serve as
replacements or improvements on traditional static systems. In particular, the ability
to show multimedia content and to rapidly change the sign contents for minimal cost
enables significant improvements in such applications.

In contrast, the emerging applications we have described are distinguished by
having no obvious counterpart in traditional signage systems. They can be seen as
entirely new, potentially disruptive, uses of the technology. The envisioned applications
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are typically highly sensitive to their environment and to the viewers in front of them
and they blur the boundaries between signage, communications and entertainment.

In the next chapter we describe the models researchers and practitioners use to
understand how audiences behave in front of public displays.
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CHAPTER 4

Audience Behaviour

4.1 OVERVIEW

As displays proliferate in public settings there is an increasing need to understand how
viewers (audiences) behave in relation to these displays. Such an understanding helps
content producers decide what sort of content engages audiences, interactions design-
ers create appropriate user interfaces and architects and installers understand where
to physically situate displays. For example, content on screens may serve to alter the
trajectory of a user past the display — and interactive capabilities can lead to people
being drawn in by the content, hence stopping, looking for an extended period of time,
and ultimately starting to interact. This may lead not only to congestion and people
colliding, but also in more severe cases to people becoming so immersed in the interac-
tion that they forget about their surroundings with potential safety implications. For
all these reasons, it is important to understand audience behaviour and how it can be
controlled and exploited by the content shown on displays.

4.2 AUDIENCE BEHAVIOUR MODELS

Public display researches have long tried to understand what makes users engage with
displays and have developed a series of models that try to explain audience behaviour.
These models typically try and capture two distinct aspects of a viewer’s relationship
with a screen:

Spatial Aspects Spatial models try and describe how audiences behave in terms of
viewer’s spatial relationship to a display.

Temporal Aspects Temporal models try and describe how audience engagement with
a display changes over time.

In addition to considering the temporal and spatial relationships between viewers
and displays some models also endeavour to capture the relationships between multiple
viewers — for example when a passer-by watches a person interact with a display and
then proceeds to engage with the display themselves.
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Figure 4.1: Interaction Models for Public Displays: (a) Three Zones Model (Streitz et al. [178]);
(b) Extended Model (Vogel and Balakrishnan [186]); (¢) Public Interaction Flow Model (Brignull
and Rogers [29]); (d) The Audience Funnel (Michelis and Muller [126]).

4.2.1 SPATIAL ZONE MODELS

The earliest work that specifically attempted to provide a spatial model of interaction
with a digital public display was by Streitz et al. [145, 178]. This was conducted in
the content of their work on “Hello.Wall”, a wall-sized ambient display that employed
what the authors termed Viewports. These Viewports could not only sense users in the
vicinity of the display but also enabled interaction with the display based on RFID and
WaveLAN. In the context of the project the authors developed a spatial interaction
model based on three zones: an ambient zone, a notification zone, and a cell interaction
zone (Figure 4.1a). This model was mainly used to define the interactions o Lerkd, and
the kind of information to be shown, on the display.

Vogel et al.[186] refined the original zone model by further dividing the cell in-
teraction zone into subtle and personal interaction zones. Furthermore, the authors
generalised the notion of the notification zone into an implicit interaction zone (Fig-
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ure 4.1b). As a neutral state, they also defined a so-called ambient display to be an
anchor point for subsequent interactions. Even though the model is mainly concerned
with how people relate to the information presented on the display, there is a noticeable
relation to Hall’s theory of proxemics that defines four zones of interpersonal distance
(public, social, personal, intimate) .

Both of these spatial models are strongly geared towards information presentation
and they are mainly suited to modeling single-user interaction. As a result of their focus
on spatial relationships they do not provide mechanisms for modelling how users move
back-and-forth between the di[erent zones.

In addition to modelling relationships between viewers and displays, research has
also looked into modelling triangulation, i.e. how public displays can be used to stimu-
late interaction between people in the vicinity of the display (friends, family member,
strangers). In their engagement zones model, Memarovic et al. distinguish between a
passive engagement zone and an active engagement zone [122]. In the passive engage-
ment zone, people observe others interacting with the display (observations) or engage
in passive interaction such as briefly reading the content (glimpse interaction) without
actively engaging with the environment. In the active engagement zone, people engage
more actively with the display, for example through active reading or prolonged, explicit
interaction. Once people are actively engaged, social triangulation may occur (e.g. a dis-
cussion about the content on the display) and people may start transitioning between
the active and passive engagement zones.

The strength of the engagement zone model is that it considers multiple users and
allows for modelling back-and-forth transitions between the di [erknt phases.

4.2.2 THE PUBLIC INTERACTION FLOW MODEL

The public interaction flow model was developed by Brignull and Rogers [29] in order to
describe how viewers engaged with a system called Opinionizer. Studying engagement
with the system at two social events enabled the authors to explore how groups socialize
around public displays, how they walk up to them and how they change roles, i.e. change
from an onlooker to an active participant.

Brignull and Rogers identified three activity spaces. The peripheral awareness ac-
tivity describes situations in which users are primarily socializing or eating/drinking.
They are generally aware of the presence of the display, yet are not focused on it. In fo-
cal awareness activities, the attention of the user shifts towards the display, e.g., people
start talking about the (content on the) display and watching the screen. Finally, dur-
ing direct interaction activities, individuals or groups of users start to explicitly interact
with the display, e.g. the system allowed users to post content. Identifying and investi-
gating the thresholds that lead to people switching between the activity spaces allowed
the authors to develop the conceptual framework of public interaction flow, depicted in
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Figure 4.1c. As people are motivated they cross the threshold from peripheral to focal
awareness and when quick and enjoyable interaction techniques are provided users cross
further into the participation threshold.

The strength of the framework is that it (i) supports multi-user interaction, and
(i) takes people moving between the diLerent activities into consideration. In contrast,
it disregards both implicit interaction and explicit interaction from a distance (probably
due to the use of keyboard and mouse as input devices).

4.2.3 THE AUDIENCE FUNNEL

Michelis et al. [126, 129] extended the public interaction flow model and developed the
audience funnel, that focuses on observable audience behaviour (Figure 4.1d). The model
consists of several interaction phases and specifically attempts to model the probability
of users transitioning between phases (the likely “conversion rate”). In the first phase,
users are simply passing by. As people these people notice the display they may start
viewing or reacting to it, for example by turning their head. For displays that support
interaction based on gestures, movement, or presence, the subtle interaction phase is
when people are trying to understand the e [edt they have on the display, e.g. through
waving their hand.

As users engage further with the display, direct interaction occurs and in this phase
users often position themselves directly in front of the display. multiple interaction is also
possible in situations where multiple displays are available or if viewers chose to come
back and interact with a display at a later point in time. Finally, follow-up actions may
take place including, for example, taking a picture in front of the display, or entering
the store where the display is deployed.

Between each of these dilerknt phases, certain thresholds can be identified that
need to be overcome in order to enter the next phase. For example, to overcome the
first threshold and transition from ‘passing by’ to ‘viewing and reacting’, the passerby’s
attention must be captured. To overcome the second threshold and move on to ‘subtle
interaction’, the onlooker’s curiosity must be piqued. Subsequent thresholds may require
that users are supplied with additional motivation.

The strength of this model is that it can be used to describe conversion rates
and thus provide a measure of success for public display content or applications. This
is particularly interesting to advertisers. However, the model does not consider social
interaction between viewers. Furthermore, the model describes audience engagement as
a rather linear process in which people are unlikely to move back-and-forth between the
di Lerent stages and the model.
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4.3 ENGAGING USERS

Modelling user behaviour is one thing, but how does the designer of a public display
engage users with their system ? More specifically, in terms of the models we have
discussed, how does a designer move potential viewers through the various phases of
engagement ? This problem is particularly important for interactive signage systems
where success is often measured in terms of interactions. Based on the various audience
models described above we can identify three basic issues that must be tackled: attract-
ing the viewer’s attention, communicating the potential for interactivity, and motivating
further engagement.

4.3.1 UNDERSTANDING ATTENTION

Human-computer interaction techniques often assumes that the user is aware of the
computer in the first place. This is not necessarily the case for public displays. In contrast
to many other computing technologies, public displays are not owned by their primary
users (the audience). They are installed in public contexts, where they compete for
audience attention with various other stimuli (e.g. other signs, tra [c,Bnd people).
There has long been discussion on how much attention ubiquitous computers should
attract. On the one hand, it has been argued that if the environment is filled with
ubiquitous computers, they should remain calm and slide e [antlessly between the center
and periphery of attention [190]. On the other hand, it has been argued that they should
engage people more actively in what they do [156]. This debate is not well understood
but is likely to prove important in the future if public displays are to become as pervasive
as we might hope.

Attracting attention with public displays and kiosks is not easy [82, 98, 129], and
is described as the first click problem’ [98]. Huang et al. observed passersby’s attention
towards (non-interactive) public displays and show that most displays receive little at-
tention [82]. One solution is to use stimuli to attract attention [82, 129]. However, this
is challenging in public space. Moving stimuli attract attention, but do not guarantee
that the user looks, because there are many objects competing for the attention of the
passerby [82]. Another solution suggests using physical objects. For instance Ju and
Sirkin [98] show that a physical attract loop (animatronic hand) is twice as e [edtive
as a virtual attract loop (virtual hand). While physical objects seem to attract more
attention than digital content, they are less flexible, more di Ccult to update with new
content and may well be reliant on significant novelty value. An overview of the role of
attention and motivation as requirements for public displays is provided in Muller et
al. [129].
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43.2 MANAGING ATTENTION

There are a number of techniques for attracting and managing attention that are useful
on the context of public displays.

Behavioural Urgency

Franconeri and Simons [61] hypothesize that attention is captured by stimuli that indi-
cate the potential need for immediate action. It has been found that the abrupt appear-
ance of new objects [96] and certain types of luminance contrast changes [51] capture
attention. In addition, moving (towards the observer) and looming stimuli have been
found to capture attention [61]. Since all of these stimulus properties hint at the poten-
tial need for immediate action (e.g. an animal approaching), behavioural urgency may
be a useful model to predict how much attention a stimulus will attract.

Bayesian Surprise

Itti et al. [88] propose a model of Bayesian surprise for bottom-up visual attention,
which measures the di [erknce between posterior and prior beliefs about the world. They
implemented a model of low-level visual attention based on Bayesian surprise to predict
eye movement traces of subjects watching videos. The model performs better than other
models predicting attention based on high entropy, contrast, novelty, or motion.

Honeypot E [edt

The honeypot eledt [29] is described by Brignull and Rogeres in the context of the
Opinionizer public display while it was shown at a party. Whenever a crowd of people
had already gathered around the display, this crowd seemed to attract a lot of attention,
and other people were much more likely to also gather around the display. Similar e [edts
can be observed with the CityWall display [142], as well as with the Magical Mirrors
installation [124]. Although attention plays a role for any multimedia system, it plays
a crucial role for multimedia on public displays because of the strong competition for
audience attention in public spaces.

Change Blindness

In contrast to the previous systems, change blindness is an e [edt that shows how the
attention-attracting e [edt of changes can be avoided. In certain circumstances, people
have surprising di Cculty in observing seemingly obvious major changes in their visual
fields, e.g. road lines changing from solid to dashed or a big wall slowly changing color.
Visual e [edts that cause change blindness include blanking an image, changing perspec-
tive, displaying ‘mud splashes’ while changing the image, changing information slowly,
changing information during eye blinks or saccades, or changing information while oc-
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cluded (e.g. by another person). Intille [87] proposes using change blindness to minimize
the attention a display attracts while updating content.

4.3.3 QUANTIFYING ATTENTION

Quantifying attention is a challenging task, particularly for public displays. Marketing
research so far has mainly focused on settings in which high attention occurs, since it
is assumes that high attention equates to high recall, which equates to more e [edtive
advertising [74]. However, attention towards public displays usually occurs in the order
of just seconds [82]. As a consequence, in order to understand the e [edtiveness of adver-
tisements, research on limited attention spans is crucial. One of the early examples is
Dennis’s et al.’s work on mall atmospherics [46]. Their work shows that digital signage
can convey information at the time and in the place where customers are in the mood
to shop and that it has an eledtive and entertaining component. In this way, digital
signage can support perceptions and emotions in a positive way.

4.3.4 COMMUNICATING INTERACTIVITY

If a public display is interactive then the owners and designers have a significant chal-
lenge in communicating this fact to potential users. Today, people do not expect public
displays to be interactive — an expectation that has been reinforced by the fact that
many displays are being used primarily for advertising. If public displays fail to commu-
nicate that they are interactive, they may not be used at all. This issue may become even
more apparent in the future, as current LCD technology used for public displays may
be replaced with technologies that more closely resembles traditional paper. As a con-
sequence, passersby might not even notice that a surface is digital, unless the constant
is constantly moving and/or reacting to the audience.

Interactivity Cues
A number of commonly applied techniques for communicating interactivity of both
public displays and tabletops has been proposed in prior work:

Call-to-Action Most common is a call-to-action, often a simple text label such as
‘touch screen to begin’. Examples can be found in Ju et al.[98], Kules et al.[105],
and Marshall et al. [116].

Attract Sequence An attract sequence was originally described as a slideshow [105].
Some multi-touch installations used constantly moving objects [79, 142]. Arcade
machines also use a video that either explains the interaction or shows a user
performing the interaction. A similar technique is to use constantly moving content,
e.g. [142].
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Analog Signage Nearby analog signage, either with a simple call-to-action or a more
complex manual, has been used in many deployments, e.g. [105, 116, 142].

Honeypot E [edt The honeypot eledt [29] describes the eledt of people being at-
tracted by persons already interacting with a device. Brignull et al. observed this
eledt and divided the actions of people around the display into the phases pe-
ripheral attention, focused attention, and interacting. Further observations of the
honeypot e [edt are reported in [116, 142, 126]. For the CityWall [142], for example,
it was observed that people most often notice the wall when someone is interacting
with it (in 19% of the cases). In the absence of others interacting with the system,
some passersby had di Cculity realising that the display was interactive.

Inviting Passersby Persons inviting passersby to interact can be either users who
have already noticed the interactivity and now motivate their friends [116, 142], or
researchers standing next to the device inviting users and explaining the interac-
tion [91]. Students are employed as so-called UbiGuides in Oulu, Finland, in order
to motivate people to use the displays [139].

Prior Knowledge Prior knowledge that a device is interactive can be used if users
pass by the same device multiple times, or if they are familiar with the device (e.g.
the Microsoft Surface [116]).

User Representation Showing a representation of the passerby on the screen is a
powerful interactivity cue. Shadow or mirror images have been used in the context
of artistic installations [103], pointing tasks on large displays [169], and interaction
above a tabletop [78]. Michelis and Meckel [125] deployed public displays showing a
camera image of what was happening in front of the screen. Images are augmented
with digital e [edts guided by motion, like clouds of numbers or growing flowers.
Muller et al.showed that the degree of abstraction plays an important role and
that with increasing abstraction the ability of the user to recognize themselves on
the screen and hence the interactivity ceases [132].

Immediate Usability

After people notice interactivity, immediate usability is important. The term immedi-
ate usability was introduced in the context of Shneiderman’s CHI photo kiosk [105].
Shneiderman derives three recommendations that are applicable to pervasive displays:

1. Implement an attract sequence tailored for the audience; clearly indicate how to
end the attract sequence and begin using the system (e.g. using a call-to-action
such as ‘touch screen to begin’).

2. Support zero-trial learning. Users should be able to use the interface after observing
others or using it themselves for a brief period of time (15-605).
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3. Encourage users to immediately interact with the content.

Users who were not immediately successful would often simply abandon the device.
Marshall et al. observed that even a delay of a few seconds after touching an interactive
tabletop is problematic [116]. Users are likely to give up and think that the device is
not interactive or broken.

435 MOTIVATING FURTHER ENGAGEMENT

Traditional paper-based public displays have served as read-only media (e.g. posters
and billboards). With new, interactive displays, the question of how to motivate users
to interact with them arises. Typically, people do not go out in order to look at public
displays. Instead, they tend to come across a public display (e.g. while waiting at a bus
stop) and become motivated by external factors to look at it.

The entry of interactive displays into public space is part of a greater trend: the
spread of computer usage from the workplace into public life. As such displays will
serve a range of functions, from helping users achieve tasks to more speculative forms of
interaction. Traditional task-oriented theories simply regard the ‘how’ of an activity and
not the ‘why’, they leave questions concerning underlying motivations unanswered [168].
Malone presents a distinction between tools and toys to di [erkntiate systems that have
an external goal from those that are used for their own sake. Tools are task-oriented.
They are designed to achieve goals ‘that are already present in the external task’. Toys
either need to provide a specific goal or enable the user to create their own, emergent
goal. A tool should be easy to use, while a toy needs to provide a challenge that motivates
the user [114].

Displays force us to think of the ‘why’. In spite of its increasing significance in
human-computer interaction, there is still a significant need to advance our understand-
ing of the motivation behind users’ activities [113] and very little is known about how the
design of public displays will influence what motivates people to interact. At present, the
most relevant list of potential motivators for audience engagement have been produced
by Michelis [124].

Challenge and Control Challenge can be used to help motivate users to interact but
must be carefully balanced — too little challenge leads to boredom and too much
challenge leads to anxiety. In human-computer interaction, people strive for an
optimal level of competency that allows them to master the challenges presented
by the application [27]

Curiosity and Exploration Curiosity appears to be a key characteristic of intrinsi-
cally motivating environments. In order to stimulate curiosity and to influence
motivation, the interaction should not be designed in a way that is either too com-
plex or too trivial. Interactive elements should be novel and surprising but not
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incomprehensible. On the basis of their prior experiences, the user should have
initial expectations for how the interaction proceeds, but these should only be
partially met [113].

Choice Choice as a motivating factor is based on the observation that the motivation
for a particular behaviour appears to increase if, in the process, people can select
between alternatives in behaviour and e [edts can be controlled [89].

Fantasy and Metaphor In general, imaginary settings also appear to have a moti-
vating e [edt on behaviour. In these fantasy settings, the constraints of reality are
switched o[Csb that one imagines possessing new abilities. The extent to which
interactive environments inspire fantasy determines their attractiveness and gen-
erates interest in the reception of the interaction.

Collaboration In contrast to the motivating factors already discussed, collaboration
is based on interaction with other human beings. A condition for its motivating
e [edt is the opportunity that the individual can influence the interaction of other
people [27]. Pervasive displays have the potential to play an important role in
fostering collaboration in public spaces.

This list of motivating factors is based on the work of Thomas Malone, who investi-
gated motivating principles for designing traditional human-computer interaction [113].

4.4 OBSERVED EXAMPLES OF AUDIENCE BEHAVIOUR

To conclude our discussion on audience behaviour we present a series of examples of
observed audience behaviour.

441 THE SWEET SPOT

In 2010, Beyer et al. conducted a study investigating di Lerences in audience behaviour
based on the display shape [15]. To do so, they implemented an interactive application
that allows the user to draw flower patterns on the screen by altering their position in
front of the display. This application was then deployed on both a planar display as well
as on a cylindrical display covering the same floor real estate.

The data analysis revealed a small area in front of the planar display, where par-
ticipants got themselves in a frontal position — the so-called sweet spot. This area was
positioned centrally in front of the display, about 1.5 meters away from it. People who
decided to approach the display entered this area quickly and stopped with their shoul-
ders parallel to the display, facing the display frontally. From this position, they could
see the entire screen from the best perspective, while the entire frame was still in the
visual field.
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No such sweet spot was discovered for the cylindrical display. As a result the
authors propose that flat displays, because of their sweet spot, may be more suited for
waiting situations and longer dwell times, and may support more complex content.

442 THE HONEYPOT EFFECT

A quite well-known phenomenon occurring around public displays is the so-called honey-
pot e [edt. It describes the e [edt of people being attracted by persons already interacting
with a device. Brignull et al.[29] observed this e [edt and divided the people around the
display into the phases peripheral attention, focused attention, and interacting (c.f. Sec-
tion 4.2.2). Further observations of the honeypot e [edt are reported in [116][142].

Muller et al. investigated the honeypot e [edt in more detail in the context of the
Looking Glass project that enabled viewers to play a simple ball game. They observed
many situations in which diLerknt groups started to interact with the game. The first
group (or person) usually caused the honeypot e [edt. People passing by first observed
somebody making unconventional movements while looking into a shop window. They
subsequently positioned themselves in a way that allowed them to see and understand
the reason for these movements — usually in a location that allowed both the persons
interacting as well as the display to be seen (see Figure 4.2). In this figure, a man
interacting with the display with expressive gestures attracts considerable attention.
The crowd stopping and staring at him and the display partially blocks the way for
other passersby. Newcomers seem to be first attracted by the crowd, then follow their
gaze, then see the man interacting, follow his gaze, repositioning themselves so they can
see both the man and the display. They also seemed to prefer to stand a little bit to the
side, so that they are not represented on the screen.

From this finding, Mueller et al. conclude that the honeypot e[edt is a very pow-
erful cue to attract attention and communicate interactivity. Displays which manage
to attract many people interacting will be able to attract more and more people. The
honeypot e Ledt even works after multiple days, as people who have seen somebody inter-
acting previously may also try the interaction in the future. Is seems that for maximum
attention, displays should be designed to have someone visibly interacting with them as
often as possible. Since the audience repositions themselves such that they can see both
the user and the display, the environment also needs to be designed to support this, e.g.
through being visible from a wide angle or by providing considerable space in front of
the display.

443 THE LANDING EFFECT

Another phenomenon unveiled during the Looking Glass project is the Landing E [edt.
When investigating the moment when people start to interact Mueller et al. found that
people often stop late, i.e. as they have already passed the display. Figure 4.3 shows
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Figure 4.2: Audience repositioning.
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this e [edt with a couple, and Figure 4.4 with a group. In Figure 4.4, a group of young
men is passing the display. The seventh person in the group looks at the display but
keeps on walking with the group. Some meters further the person suddenly turns around
and walks back, followed by a second person. They then start to interact, and are soon
joined by other group members.

Figure 4.4: Drag-to-screen, group scenario.

The landing e [edt often led to conflicts when one person in a group noticed the
interactivity. If the people leading a group suddenly stopped and turned around, the
people following would sometimes bump into them. More often, the whole group stopped
rather than walking on. However, when a person at the tail-end of a group noticed
interactivity, the leaders would usually walk on for some time before they noticed that
somebody had stopped. This situation created a tension in groups as to whether people
who had continued walking returned to the display or whether the person interacting
would abandon the display and join the group. In some cases the group simply walked
on after waiting some time, causing the person interacting to continue playing for only
a short moment and then hurrying (sometimes even running) to re-join the group.

Due to this strong eledt it can be argued that pervasive displays should be de-
signed with this in mind. Specifically, displays should be placed so that when people
decide to interact they are still in front of the display and do not have to walk back. Opti-
mally, display deployments should be designed to avoid fragmenting groups by providing
support for interaction regardless of whether the initial engagement was by viewers at
the front or the back of the group. This could be achieved by, for example, designing
very wide displays (several meters), or more practically, a series of displays along the

94



4.5. SUMMARY 45

same trajectory. Alternatively, displays could be placed in a way that users walk directly
towards them.

45 SUMMARY

In this chapter we have provided an introduction to understanding audience behaviour
around public displays. Research has shown that audience behaviour around public
displays is very complex and depends on a wide range of factors, including the display
size, the display shape, the content, and the interaction techniques used. Perhaps more
importantly, we need to recognise that audience behaviour around public displays is
likely to change significantly over time as viewers become more accustomed to the new
types of functionality that future displays will be provide. As a result, the models of
behaviour that we have described may well stay current for some years but the validity
of individual observations may be short-lived. Nevertheless, the strength of e [edts such
as the Honeypot E [edt and the Landing E [edt suggest that these need to be taken into
account, and ideally capitalised on, in considering the design and deployment of display
systems.
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CHAPTER 5

Interaction Technigues

51 OVERVIEW

While most existing digital signage is not interactive, there is an increasing interest
in supporting interaction between users and displays. By providing support for user
interaction display owners and content creators can enable a wide range of new features
such as:

Navigation Support can be provided for users to navigate content on the display. This
can range from the simple equivalent of changing a channel to reproducing web
navigation.

Expression of Interest Allowing users to express interest in the content being shown
allows display owners to tailor the content they show.

Content takeaway Interaction can be used to support content takeaway — either to a
mobile device or to a URL or an email address.

Content upload Interaction can also support upload of content — important in appli-
cations such as notice boards [1].

In the past some public displays were augmented with physical hardware to sup-
port interaction such as buttons, joysticks or even keyboards. However, this type of
hardware is largely been replaced with more modern technologies such as touch screens.
In this chapter we consider the three main types of interaction with displays, i.e. touch,
gesture and mobile-device based interaction.

5.2 TOUCH

5.2.1 ISSUES IN SUPPORTING TOUCH

Touch has been used in the context of public-displays for many years. Indeed, work on
touch screens began in the 1960s and has continued apace since then. Before we begin
to examine the touch options available it is worth noting that touch in the context of
public displays raises a number of fundamental challenges.

Firstly, an escapable part of having a touch driven interface is that users must be
able to physically reach the screen. For many public display installations this is not the
case. Traditionally public displays have been mounted specifically so that they are out of
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reach — typically by fixing them above head-height. The rationale for mounting screens
high up is usually two fold — it helps ensure that the display is not easily blocked by
people and hence is visible from some distance away (though current thinking suggests
that screens mounted high up are not good at attracting attention [82]) and, secondly,
it helps prevent damage to the screen (either accidental or intentional). If we wish users
to be able to interact with a touch screen then we use rethink where we mount screens.

Figure 5.1: An example deployment of a very large public display with touch capabilities.

Situating a display where it is convenient to touch then raises issues of screen
protection, screen visibility and screen maintenance. In terms of protection, screens
mounted within reach must be (i) secured to prevent theft, (ii) configured to prevent
access to controls and, (iii) be resistant to everyday knocks that may occur. Screen
visibility is an issue for two reasons. Firstly, because screens mounted at eye level or
below are less visible from a distance and secondly, because viewers interacting with a
touch screen are extremely likely to occlude the display for other viewers. Finally, touch
screens may also require more maintenance than traditional displays as their surfaces
must be cleaned to maintain an attractive appearance that encourages users to interact.

Touch screens also face challenges associated with audience expectations. As dis-
cussed in Chapter 4, there are presently no commonly agreed ways of communicating
interactivity to the user and most users assume that screens are not interactive. Crucial
to the success of touch screens is their ability to communicate to users the very fact that
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they support interaction. An important second issue relating to audience expectation
is the fact that user’s expectations of touch capabilities are now set very high — as a
direct result of the success of multi-touch phones. While multitouch is common in smart-
phones its use is much less common in the context of public displays. This is a result of
a number of factors including both the touch-screen technology used and the support
for multi-touch by the operating system being used to control the screen. For example,
many displays are driven by low-cost embedded devices that do not have OS support
for multi-touch. However, modern displays such as the Philips Giant Tablet and BDT
Multi-Touch Series can combine with Windows 7 and Windows 8 to provide support for
multi-touch. Interestingly, as pointed out in [4], many users are now expecting screens
to be multi-touch and tend to try and use gestures that they know work on smartphones
(e.g.. pinches and flicks).

Finally, we note that their size and situation makes pervasive displays more li-
able to have multiple users interacting with them simultaneously than touch screens
on traditional phones. In this regard public displays have much more in common with
tabletop/surface computing as typified by DiamondTouch [48] than phones.

5.2.2 TECHNOLOGIES

A wide range of touchscreen technologies have been developed. Most early public display
touch screens used resistive touch screens. In this type of system the screen is covered
with two layers of resistive materials, separated by an air gap. When the screen is
touched the two layers are brought into contact and the location of the touch can
be calculated. Resistive touch screens are cheap to manufacture, can be developed as
overlays for existing screens and, perhaps most importantly, can register touch from any
object. While resistive screens can be very accurate they are not as responsive to touch
as screens based on capacitive sensing.

Touch screens based on capacitive sensing use an entirely di Lerent mechanism for
determining the location of a touch. A glass plate that covers the front of the display is
coated with a transparent conductor. Contact with another electrical conductor (such as
a finger) creates a change in capacitance that can be used to calculate the position of the
touch. Compared to resistive technologies, capacitive screens are relatively inaccurate
and must be touched by something conductive (i.e. they don’t work with a standard
stylus or other object). However, they do not require pressure and hence tend to provide
a better user experience — particularly for gesture based interaction.

Other systems available include IR based touch screens and optical touch screens.
In both cases sensors around the edge of the screen detect the presence of a finger or
stylus and calculate the position of the touch.

Recent years have also seen an explosion in the popularity of large-scale interactive
surfaces. Early systems such as the MERL DiamondTouch table [48] o[ered multiuser
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touch support and, uniquely, enabled identification of the user making the touches.
However, the system required capacitive coupling between the table and the user (this
typically took place via the user’s chair that was electrically coupled to the interactive
surface). More recently, systems such as the Microsoft PixelSense [127] have shown the
potential for large-scale multiuser, multitouch interaction.

For an excellent overview of some of the issues raised by multitouch technology
the reader is referred to Bill Buxton’s well known web summary, available at http:
//www_billbuxton.com/multitouchOverview._html.

5.2.3 EXAMPLE APPLICATIONS

Touch screens have been widely used in public displays for many years and a wide range
of applications have been developed. A very common use case is in public access in-
formation terminals of the type often found in train stations and tourist information
centres. A recent example are the interactive touch screens launched in Boston (Fig-
ure 5.2) that provide a range of local travel and city information for users of the subway
system. Initial trials of the system were reported as being very successful and in 2013 it
was announced that the system would be expanded with a further 77 touch screens [7].

Figure 5.2: Interactive Touch Screens Being Launched in Boston
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5.3 MID-AIR GESTURES

In many cases, touch is not applicable as an interaction method for public displays. For
example on very large displays or for displays at a distance that cannot easily be reached
by the passerby. Furthermore, people are also often reluctant to use touch screens for
hygiene reasons, particularly in public spaces. In such cases, gesture-based interaction
provides a suitable alternative that can at the same time also serve as a catalyst for
performative interaction [185] or as a cue for the interactive capabilities of a display.
However, selection and text entry based on gestures is often di [cullt and at present there
is no commonly accepted gesture set for public displays.

Gestures — “a motion of the body that contains information” [107] — have been
extensively researched in the context of pen- and touch-based interfaces but research
on using mid-air gestures in front of displays is relatively scarce. The following section
provides a brief introduction to the challenges of supporting gestures on public displays
and an overview of technologies that have been used for detecting gestures on public
displays.

5.3.1 ISSUES IN SUPPORTING GESTURES

Overview

Based on their function, gestures can be categorized into epistemic (tactile or haptic
exploration of the environment), ergotic (manipulating objects), and semiotic gestures
(communicating meaningful information) [30]. The latter two are of particular interest
for gesture-based interaction with displays: ergotic gestures can be used to directly
manipulate virtual objects shown on the screen (e.g. punching a virtual ball), while
semiotic gestures are useful when it comes to executing commands, for example through
pointing at a button shown on the screen.

There are no standard, or even commonly accepted gesture sets for interacting
with public displays so researchers and developers often need to create their own gesture
sets. The following points should be borne in mind when considering the development of
gesture sets. Firstly, new gesture sets should ideally draw upon existing operations that
users are familiar with. Popular examples include the pan or pinch gesture commonly
used on smartphones. Secondly, gestures belonging to a set should be coherent [192],
thus making it easier for the viewer to understand which gestures are supported by a
system. Gestures also need to be easy to recognise and easy to teach — two topics that
we explore in more detail below.

Recognizing Gestures

In order for gestures to be recognized, the beginning of the gesture (registration), its
continuation, and the end of the gestures (termination) need to be clearly delimited
[11, 62, 192]. While these phases can be easily recognised on a touch-enabled surface
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by sensing when a finger touches the screen, is swiped over it, and is finally released,
the lack of an obvious delimiter for mid-air gestures makes the recognition of gestures
a challenging task. Prior work by Wigdor suggests multimodality, reserved actions, and
clutching as possible solutions [192]. Using multiple modalities would, for example, in-
clude combining touch and speech — e.g. saying “put that ... ” while pointing with the
finger towards an object on the screen and then pointing at the target destination while
saying “... there!” [20]. However, providing means to discover these additional modalities
introduces new challenges and certain modalities may be inappropriate for the use in
public environments (e.g. speech). Reserved actions, such as drawing a certain form in
the air, could be interpreted as a command. For example drawing a question mark in
the air could bring up a help menu on the screen. Finally, clutching is the idea that users
need to explicitly signal to the system that it needs to engage the gesture recogniser
(the term comes from the parallel of engaging the clutch in a car).

Teaching Gestures

A major challenge in gesture systems is how to inform viewers of the display of the
gestures they can use to interact with the display. As many gestures are not intuitive,
visual clues should be provided to help users to discover possible gestures [136] As Walter
et al. suggest in [187], cues could be presented using spatial division /multiplexing
(splitting the screen into one area with content and one where the gesture is explained),
temporal /multiplexing (the regular content is temporally interrupted with the gesture
cue), or the cue could be integrated with the content [187]. Walter et al. found spatial
multiplexing to be most suitable for public displays, because it does not interrupt the
content and interruptions are known to increase the tendency for users to leave the
screen.

Prior work on teaching gestures has suggested a number of techniques for mouse
and touch interfaces [62]. For example, GestureBar shows a video of how to execute the
command via a mouse gesture as the user clicks an icon in the toolbar. ShadowGuides
displays various hand poses for registering a gesture as users touch the screen beyond
a dwell time of one second. These approaches are di [culit to apply to public displays
for three reasons. Firstly, they require prior knowledge about the modality. Secondly,
these approaches were designed for goal-driven applications where users are aware of the
available commands. In contrast, the use of public displays is often not goal-driven but
occurs out of curiosity or in a playful manner. Thirdly, people in front of public displays
are usually neither aware of its interactive capabilities nor how they can interact or
whether gesture-based interaction is supported.

Concrete solutions suitable for use in public displays have been suggested in the
context of the Public Ambient Displays, LightGuide, and StrikeAPose projects. Vogel
et al. show self-revealing help in the form of looping video sequences on the screen that
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demonstrate the interaction [186]. LightGuide is a system that projects guidance hints
directly onto the user’s hands [173]. StrikeAPose is an interactive public display game
that introduces a full-body pinch gesture that requires users to touch their hip with
their arm [187]. This gesture is particularly easy to be recognised by the system due to
the large enclosed area and the frontal orientation of the viewer.

5.3.2 TECHNOLOGIES

A number of dilerent technologies have been explored for gesture-based interaction.
Most popular are device- and camera-based techniques.

Device-based techniques rely upon sensors worn on the body, such as accelerometers
or positioning sensors. For example, Nintendo’s Wii controller or BeeCon’s BlueWand
[64] use accelerometers to detect movements. Vogel et al. use a Vicon tracking system
with markers attached to the body and fingers of the user to enable hand gestures [186].

Camera-based techniques are often favored in public spaces as the user does not rely
upon additional gear. These techniques require one or more cameras to capture the scene
in front of the display and use image analysis techniques to extract information on body
posture or position of the user. Currently, the most popular image analysis technique for
gestures is skeleton detection where information on body, hands, and fingers are detected
and matched against a skeleton model (e.g. Microsoft Kinect). Segen and Kumar use
a camera and a point light source to track a user’s hands [165]. From the projections
of the hand and its shadow the system can obtain depth cues and thus calculate the
position of the hand in 3D space.

Gesture recognition can also be combined with smart-phones and we shall explore
this later in this chapter.

5.3.3 APPLICATIONS AND CASE STUDIES

While many researchers have created research prototypes there are very gesture based
public display systems that have been deployed in the wild. Notable examples of systems
that have been used outside the laboratory are the StikeAPose [187] and Looking Glass
projects [132].

The StrikeAPose project created a game based on physics simulation to motivate
passers-by to interact. Passers-by saw their mirror image on the screen and could then
interact with the screen to manipulate virtual cubes. By placing the cubes in specific
target areas they collected points. This work was used to explore how to teach users
new gestures. The Looking Glass project was described in Chapter 4.
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5.4 MOBILE DEVICE INTERACTION

Smartphones typically provide users with stand-alone applications, communication ca-
pabilities and access to a wide range of cloud services. However, smartphones can also
act as a gateway to devices in the local physical environment. For example, many new
TVs can be controlled using custom smartphone applications. In this section we explore
how smartphones can be used to interact with pervasive public display systems — moving
beyond the living room to enable users to customise and control pervasive displays and
digital signage they encounter during their everyday travels.

5.4.1 USING PHONES FOR PERSONALIZATION

In the future, content shown on pervasive public displays will be heavily personalised
to reflect the interests of viewers. Smartphones provide an obvious mechanism through
which viewers can express their preferences and communicate with nearby displays.
Such mechanisms may provide the opportunity for longitudinal personalisation over
multiple encounters with a display (or displays) or may be more akin to short-term
session descriptors, highlighting an individual and their interests for the duration of a
single encounter.

I

Figure 5.3: Using smartphones to personalise displays [104].

Early work focused on the use of Bluetooth as a means of communicating with
nearby displays. For example, in InstantPlaces [97] users could alter their device names
to ‘tag’ features of their identity and to link with their Flickr profile. The system built
a longitudinal profile for users over time based on the presence history of their mobile
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device’s Bluetooth MAC address. By comparison, the work reported as part of the e-
Campus project [45] did not create a long-term profile, but simply allowed the use of
Bluetooth device names as a control channel for requesting specific content to be shown
on a nearby screen.

With the decline in the use of Bluetooth and the need to support more flexible
forms of personalisation new systems are beginning to emerge. For example, the Tacita
system [104] uses a smartphone application to collect user preferences that are then
communicated to cloud-based applications for presentation on nearby displays. The sys-
tem identifies nearby using displays using a display map and calculates proximity to a
display based on a combination of Wifi-fingerprinting, GPS and Bluetooth device prox-
imity (providing much greater flexibility than approaches based on a single proximity
detection mechanism such as Bluetooth). Tacita also dilers from similar systems for
personalising displays because it reverses the traditional pattern of announcements, re-
quiring a user’s mobile device to determine its proximity to a display (rather than the
other way around) and because the personalisation requests themselves are issued via a
trusted application (i.e the application the user would like to see at the display). These
two innovations help support personalisation while preserving user privacy.

5.4.2 INTERACTION

In addition to being used as a form of identification, smart phones can also be used to
add interactivity to modern public displays: allowing smart-phones to be used as remote
controls for large screens.

Inline with the abundance of technologies available on modern smartphones, these
remote controls can take a wide range of forms. At their most basic, such systems can
utilise the traditional communications functionality of the devices (e.g. SMS) to sup-
port text-based control languages or simply forward cursor/selection interactions with
the mobile device’s input mechanisms (e.g. keyboard, touchscreen) from the phone to
the display [52]. Other systems take advantage of the wealth of additional technologies
shipped with modern smartphones to allow complex interaction patterns: for example,
work using a display tiled with NFC tags allowed smartphone users a range of interac-
tion operations including drag-and-drop and complex selection patterns (area selection,
multi-selection) [71].

More novel forms of interaction include the touch projector that enables interaction
with remote displays using a live video image on the mobile device [22] and using the
flashlight of a phone and a display camera to create a novel pointing device [167].

5.4.3 CO-DISPLAYS AND CYBER-FORAGING

Used together, smartphones and public displays can act in a way that allows each to
overcome the shortcomings of the other. A smartphone user struggling with the limited
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Figure 5.4: Reading display NFC tags through the smartphone [71].
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screen real estate of their device can “forage” for a nearby display and transfer their
content for clearer personal viewing or to facilitate shared viewing. Such scenarios have
been presented in a number of recent works [144, 160, 195, 42]. Pering et al.’s Elope
system embedded operations (e.g. transfer a photo album from my phone to this display)
in RFID tags — upon reading a tag, the smartphone receives the necessary information
to form a Bluetooth network, express its intent and complete the operation. In cloudlet-
based approaches [160, 195, 42], a user’s smartphone acts as a transport mechanism
for a virtual machine (VM). Upon encountering a display, the smartphone can trigger
the transfer and instantiation of the VM to local computing infrastructure allowing the
user to view and interact with their VM at a large public display. Commercially, the
emergence of Miracast [191] and its integration with Android and other smartphone
platforms provide a mechanism for a user to share content from their phone to a nearby
TV, digital display or projector.

In contrast, smartphones can also be used as private co-displays to augment the
view provided by public displays — thereby allowing viewers an “individual view” [109,
110], providing an uninterrupted view of display content and enhancing details that
would otherwise be hidden or obstructed. The use of a smartphone as a private co-
display in parallel with a public display also oLerk the ability to make aspects of the
public display content deliberately private. On the public display, sensitive information
can be blurred out, and then be made visible on a viewer’s smartphone [170, 14].

In addition to using a smartphone’s display other output techniques are possi-
ble. For example, Rukzio et al. developed the Rotating Compass, which combines a
public display and feedback via vibrations on the mobile phone to support pedestrian
navigation [159].

5.4.4 INFORMATION TAKE-AWAY

Smart phones can also be used to support “take-away” functionality that allows viewers
to collect information from the display — providing the digital signage equivalent of tear-
o [skrips found on analogue signs or click-throughs on conventional web adverts. QR
codes and RFID are two technologies that have ben widely used to support this type of
functionality.

Researchers have continued to work in this are. For example, “Shoot & Copy”[21]
used smartphone photos of portions of a display as a trigger for fetching content over
Bluetooth or GPRS whilst Digifieds [1] paired a display application with an Android
application and used QR codes to allow the transfer of classified adverts from the display
to a smartphone.

More recently, She et al. [166] proposed using smartphone accelerometers to detect
gestures made using the phone in order to indicate selection of items on a nearby public
display.
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5.5 ANALYSIS

There is an increasing trend towards more interactive forms of digital signage. How-
ever, there is no agreement on what form this interaction should take — for example
should future displays be touch enabled, support gestures or enable interaction via mo-
bile devices? Even within a broad technology area such as gesture interaction there is
no standard for the types of interaction and gestures that are possible. To avoid user
confusion and to drive uptake of interactive displays it is important that as our under-
standing of the best techniques develops that we begin to converge on standard tools
and techniques for user interaction in public displays.
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CHAPTER 6

Systems Software

6.1 OVERVIEW

Modern display installations are highly complex systems consisting of a wide range of
software components. Indeed, a common mistake made is to underestimate this complex-
ity. For example, many small-scale users that are considering deploying a signage system
often start by purchasing a screen and using a “retired” computer to drive the screen us-
ing standard o [cekoftware such as a presentation package. Similarly, researchers often
try and create their own signage system to support their research even when they have
little direct interest in the software itself. For both users and researchers however the
complexity of the problem space becomes apparent over time and such ad-hoc systems
are usually short lived.

In this chapter we consider why developing the systems software necessary to
support display systems is a non-trivial task and discuss some of the common approaches
adopted.

6.2 UNDERSTANDING SIGNAGE SOFTWARE

The complexity of developing signage software can be attributed to a number of charac-
teristics inherent in these systems. The list below isn’t intended to be an exhaustive set
of requirements for signage systems, rather it highlights some of the the characteristics
that contribute to the complexity of signage software.

Complex functional requirements Signage systems need to provide a wide range of
functions including content creation, content distribution, content scheduling, real-
time play out of content, control of specialised display hardware, analytics, remote
management and monitoring and user interaction. This wide range of functional
requirements inevitably results in complex systems. Even supporting one of these
requirements, e.g. content distribution, is a significant undertaking in its own right.

Need to support a wide range of stakeholders and external systems Signhage
software typically has to operate within a software eco-system that may include a
wide range of software tools such as content creation and management programs.
The software also has to meet the needs of a wide range of stakeholders including
display owners, viewers, IT professionals and AV installers.
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Reliable operation and embedded components Failures in signage systems are,
almost by definition, publicly visible. In many cases failures can also have serious
side-e [edts (imagine, for example, the failure of a signage system in an airport).
As a result, signage systems have high reliability requirements. This requirement is
further complicated by the fact that many elements of the system may be embedded
into physical displays and need to interface directly with a range of display and
sensing hardware.

Remote Management Building on the theme of reliability and support for embedded
components, many signage systems include displays that can not be easily accessed
for maintenance purposes. As a result, remote monitoring and management of
displays is an important requirement.

Complex Analytics Signage operators are demanding increasingly sophisticated an-
alytics (see Chapter 7) that frequently include using a wide range of sensor tech-
nologies.

Situation Dependent Displays are increasingly expected to adapt to their environ-
ment and audience in order to provide more relevant content. Determining their
situation and then deciding upon appropriate content to show is extremely chal-
lenging in many environments.

Cost sensitive The signage industry is surprisingly sensitive to the cost of display
hardware and software with downward pressure on the cost of signage systems.
This inevitably constrains the development e Lorit that can be invested in individual
software components — though this is to somewhat mitigated by the increase in
volume of sales.

In common with many similar complex systems (e.g. the GSM phone network) it
is easiest to think of signage systems as a set of connected segments, each dealing with
a specific set of concerns (Figure 6.1).

We are not aware of a standard segmentation for signage systems so the divisions
shown in Figure 6.1 are of our own construction rather than representing an accepted
industry norm. Nevertheless, we feel that that the segmentation we o Lerlprovides a good
way of structuring our thinking about systems software for digital signage.

Content is central to signage systems and the content creation segment is respon-
sible for providing tools to enable the generation of appropriate content items. Once
content has been created it needs to be ingested into the signage system, scheduled for
presentation and distributed to the appropriate digital signs. This functionality is the
role of the scheduling and management segment.

The most visible element of a signage system is the screen itself and the display
segment is responsible for all of the local operations necessary to present the required
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Figure 6.1: Understanding the Architecture of Signage Systems

content on the screen. In addition, in modern systems the display segment may also
include a wide range of sensing and interaction functionality as it typically encapsulates
all of the software that must run local to the display.

Finally, the mobile segment comprises any software that viewers run on their mo-
bile devices to support interaction with a pervasive display. In many signage systems
this segment is empty or consists of simple o [=the-shelf software such as a QR-code
reader. However, this is likely to change as signage software evolves to a richer model of
pervasive displays.

While traditional digital signage systems can be segmented as shown in Figure 6.1,
we believe that the trend towards more open systems is likely to lead to an increasing
amount of content being sourced from viewers close to displays. As a result, we believe
that Figure 6.2 provides a more likely depiction of the relationship between segments in
future display systems.
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Figure 6.2: Understanding the Architecture of Signage Systems.

This represents a significant shift from a world in which content flows downstream
from content producers to viewers (and analytics upstream from displays to content
producers) to a more complex eco-system in which content, scheduling requests and an-
alytics may be sourced from multiple points, both upstream and downstream of displays
themselves.

6.3 SOFTWARE AS A SERVICE AND THE ROLE OF THE
CLOUD

Traditional signage systems consisted of dedicated software installed on computers con-
nected to displays (or indeed embedded in them) plus associated software for content
creation and management. With the emergence of the Web and, in particular, with
the ability to show high quality video within a browser, many signage systems moved
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to a thin-client model. In such systems the display nodes are relegated to running a
web-browser that connects to the signage system.

There are a number of design trade-o [Sinvolved in moving to a thin-client ap-
proach. In general these trade-o [STnirror the standard arguments for and against thin-
client architectures. For example, a significant advantage is that using thin-clients makes
it much easier to support a wide range of display end-systems since clients need only
support a web browser to access the full range of signage functionality. Moreover, since
much of the content that signage systems access these days is actually live content
obtained via HTTP, support for Web technologies is required in any case.

However, thin-client systems also come with disadvantages — for example they are
less able to survive periods of network disconnection (even when utilising the capabilities
of modern browsers). One key diLerence between signage systems and most thin-client
applications is of course that while the output of a signage system is highly visible there
is often not a user (in the traditional sense) actually interacting with the display. As a
result, any errors need to be detected and remedied automatically or by a remote system
administrator. This further complicates the process of assessing the benefits of a thin-
client approach which, in the end, may be driven as much by architectural preference
as hard requirements.

Recently commercial sighage systems have begun to deploy signage systems using
a model of software as a service (SaaS), e.g. the BroadSign Digital Signage system.
Such systems remove the need for signage operators to install dedicated software for
managing their content and displays — instead this is all carried out by software in the
cloud. A SaaS approach would classically be combined with a thin-client based display
but this is not essential. Indeed, it is perfectly reasonable to envisage a display system
in which management and content processing are carried out in the cloud using a SaaS
approach while displays themselves are driven by dedicated hardware/software solutions
that leverage the cloud but also provide significant local capabilities though dedicated,
installed software.

In the following sections we consider our four architectural segments in more detail.

6.4 CONTENT CREATION SEGMENT

Our first segment is concerned with the creation of content for display. In many cases the
tools used for this purpose are not signage-specific but are generic tools used for creating
content such as images, animations, videos or soundtracks. Such tools are appropriate
for professional content creators and we do not discuss these further.

However, most signage systems also recognise that in many cases content will
need to be produced quickly and cost-e [edtively by non-professionals and hence provide
simple tools for creating straightforward content items. For example, Sony’s Ziris system
[174] includes the Ziris Create software tool that enables users to create content for their
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signage network. Researchers have also attempted to create simple interfaces for content
creation. These interfaces range from “wizards” that guide users through the creation
of posters or announcements to systems that provide a replacement printer driver and
enable users to publish to a digital sign simply by printing a document from any of the
standard applications with which they are familiar.

In the research domain there has also been significant experimentation with sup-
porting user-generated content. An example of such a system is Dynamo [90] that sup-
ported cooperative sharing and exchange of media — allowing viewers to interact with the
display and to leave media messages for future viewers. User generated content has also
been explored as part of the “display personalisation” agenda by researchers such as Jose
[97] whose system allowed users to send messages to displays from their mobile phones.
The messages were subsequently shown on the displays allowing users to personalise
their environment and helping to build audience engagement with the displays.

User generated content can also take the form of specific content items such as
adverts. In the Digifieds system for example (see Chapter 7) users are allowed to post
classified advertisements onto public displays.

Even when users are allowed to generate content there is often a shortage of high-
quality, relevant content to show on a public display. This is a significant problem because
a lack of content leads to a perception that the display is “out-of-date” or “stale” and
encourages users to ignore the display. To try and address this problem Memarovic and
his colleagues proposed the idea of autopoiesic content [121], i.e. self-generative content
that is automatically created. In the system they have prototyped the authors endeavour
to create interesting and relevant content in the form of “fun facts” by matching local
context information with regular scheduled information to produce information snippets
that are highly localized. The authors cite the example of creating a new fun fact by
taking the number of people around a display and matching it with a population figure
in its content fragment database: “The population of Pitcairn Island (50) is five times
more than today’s average number of people at the display (10).” [121]. While still at an
early stage this avenue of research is especially exciting because if oLerk the potential
to ensure displays are constantly supplied with fresh content — helping to increase their
perceived value.

6.5 SCHEDULING AND MANAGEMENT SEGMENT

6.5.1 CONTENT SCHEDULING

The scheduling and management segment provides the back-end for a signage system —
it is essentially responsible for mapping content items to presentation slots on displays.
To achieve this many systems provide support for two abstractions: display groups and
content playlists. Display groups are simply sets of displays that can be treated as a
single unit for scheduling and management purposes. In practice this means that these
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displays will show the same content. Playlists typically correspond to collections of
content along with a specification of when the content should be shown. The scheduling
and management segment allows signage operators to create display groups and playlists
and then to schedule playlists onto display groups.

To support the above functionality most signage systems provide a user interface
based on some form of time-line similar to that found in many video editing packages
(Figure 6.3). Users can drag content items onto the timeline to create a playlist that
can then be scheduled.

Figure 6.3: An Example of a Time-line Based Content Scheduling Systems

Historically this approach was adequate for most signage installations. However,
the emergence of interactive signage systems has significantly complicated this segment.
For example, instead of playlists that are focused on simple linear playout of content,
playlists must now support content scheduling that is conditional on external factors such
as audience presence or interaction. Futuristic scenarios such as display appropriation
further complicate scheduling.

Our experiences suggest that even without this additional complexity users find
scheduling content to be a demanding task As a result, in one of our own systems (e-
Campus) we have focused on providing users with a very simple user interface based on
the idea of “channels”. The key design insight for this interface was to separate the roles
of content providers and display owners:

1. Content providers generate content (images, videos, web pages, live video streams)
and organise it in logical containers called “Channels”. A content provider has full
ownership of their Channels and can add and remove content and set the date
and times it is available. Content providers do not necessarily control displays and
they have no say on where or when their content is displayed. Instead, channels
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Figure 6.4: The e-Campus Content Scheduling User Interface

can be shared and their content scheduled to a display after its owner subscribes
the display to the channel.

2. Display owners control one or more physical displays, typically in a ‘local’ physical
space for which they have oversight. A display owner controls their displays’ channel
subscriptions. A display can be subscribed to zero or more channels. The display
owner can also set the time at which their displays turn on and o [_]

Content providers use a web interface (Figure 6.4) to create and manage channels.
Each channel also gets an associated network file share so that content can be managed
conveniently via drag and drop. A web interface is also provided for display owners to
control their subscriptions. Users who are both content providers and display owners
can create “private channels” only available for their displays.

The system produces a schedule for each display based on the combined set of
content items from all its subscriptions. We weight all channels equally, although newer
or less played content, and specific types of content (such as emergency alerts and
interactive applications) are given higher priority.

While this type of approach provides users with very simple interface it requires
the system itself to be able to make sensible scheduling decisions and this is not easy.
In [180] the authors discuss the key challenges in content scheduling in future pervasive
display networks. They identify a wide range scheduling requirements including: showing
content at specific times, showing content a specific number times (for example to meet
commitments made to advertisers), ensuring content items are shown consecutively (or,
conversely, that content items are always separated by a minimum time interval), show-
ing content as a result of contextual triggers or sensor events and supporting content
rescheduling based on user interaction.

The decision on when to schedule a specific piece of content can depend on a wide
range of factors. In [180] four distinct factors are identified, i.e. display owner prefer-
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ences, display viewer preferences and presence, content availability and the display’s
context. Other example factors might include content developer preferences or financial
or contractual constraints. For a detailed discussion on scheduling issues see [180].

Once content has been scheduled the content items need to be distributed to
the displays. In thin-client systems this may be trivial but in systems that support
local caching more sophisticated content distribution mechanisms may be employed to
ensure that the content is available on the display node when required. For example,
many display networks deployed in retail situations download new content overnight as
a batch-job in order to ensure that the content is available locally when required.

6.5.2 CONTENT INGESTION

So far in our discussion of the scheduling and management segment we have assumed
that the content has already been ingested into the system or is trivially available.
While ingestion has traditionally been a fairly simple task in signage networks the shift
towards more open display networks is making this more challenging and new ways of
ingesting and distributing content are being researched. One example of how this might
be achieved in the future is through the introduction of a pervasive display equivalent of
an “app-store” [41]. Application stores o [erthe possibility of opening up display networks
to content and applications from a range of sources. Whilst an application store for
public displays has the potential to do what such stores did for mobile devices — to open
up a “closed” model of development and deployment, there are significant di [erences
between the mobile device market and that of public display networks. Foremost is
the set of stakeholders; mobile devices are typically owned and managed by a single
individual, with third parties providing communication services. In contrast, display
networks feature a stakeholder set including display and space owners, viewers (users)
and content (application) providers. In many cases the owner of the display is di Lerent
from the viewer (e.g. an advertisement outside a shop is managed by the shop owner
but the content is for potential customers).

The existence of these many interests adds a layer of complexity to applications
as they emerge to benefit di Lerknt stakeholders. We discriminate between two classes of
applications:

Applications that primarily benefit the display owner For some display owners (e.g.
a small business owner), creating high quality content is a significant problem. Utilising
a public display application store to purchase applications appropriate for their displays
would reduce the burden of acquiring content. Sample applications might include generic
or localised advertising, coupon generation, information delivery and even interactive
jukeboxes to contribute to the environment.

Applications that primarily benefit the display users At present, viewers of public
displays often have no control over the content. We envisage a world in which members
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of the public purchase applications reflecting their own interests, for display on one or
more public displays. Sample applications include sports results, interactive city guides
and applications that allow users to make an artistic statement by showing a particular
picture when they are near to a display.

While applications in this second class principally o [erl benefit to display users, a
display owner may choose to provide the run-time environment of a display because, for
example, they feel the resulting attention given to the display may carry over to other
content. In both cases, application developers may benefit though financial exchange,
reputation or data gathering.

The business models underpinning an application store for public displays are also
likely to di Lerl from those of similar stores for personal devices. Current business models
for display networks are often advertising-focused, with companies maintaining large
networks and selling the space to those wishing to advertise (e.g. [164]). The provision
of an application store for public displays, and the consideration of stakeholder cost/
benefit exchanges, raises design considerations regarding the nature of an appropriate
business model. Such a model will need to consider how to reconcile the conflicting
demands of stakeholders, who should pay whom for the applications (and with what?),
and how such payment models impact on the acceptance of applications that primarily
benefit the user by display and space owners.

The introduction of components such as apps-stores also further complicates
scheduling in pervasive display systems. In mobile phone based application environments
the decision to start an application is made by the user of the device. In conventional
display networks the decision to schedule content is made by the display owner. In a
display network with application stores the situation is significantly more complex and
there are other possibilities. The display owner may buy applications from the store,
in which case they will still expect control over application scheduling. Alternatively,
applications may be purchased by users who expect them to show as they pass by a
display. In addition, application creators may wish to impose constraints on when par-
ticular content can be displayed. Providing appropriate interfaces for scheduling control
is an important issue that must be addressed and the appearance of “control” over the
display is desirable for almost all stakeholders in the display scenario.

6.5.3 DISPLAY MANAGEMENT

We note that in addition to content scheduling and content distribution the scheduling
and management segment is normally responsible for display management and reporting.
Display management typically includes functions such as remote status monitoring,
controlling power states and software updates. Reporting will often include basic audit
trails and analytics of content impressions that can be used to support billing and
contractual requirements.

117




68 6. SYSTEMS SOFTWARE
6.6 DISPLAY SEGMENT

6.6.1 KEY FEATURES

Content and schedules produced by the scheduling and presentation segment need to be
presented on physical displays and this is the role of the display segment. In addition,
we have allocated support for sensing and interaction to the display segment as this
functionality is often implemented locally to the display.

In the case of a thin-client the scheduling and presentation of content may well be
trivial as the display node will simply run a web-browser with the content being pushed
from the signage system back-end. In systems where display nodes have more local
autonomy some scheduling decisions may be carried out locally, for example responding
to local sensor events, and content may be sourced from a local cache. In such systems
a wider range of presentation options may also be possible. In particular, such signage
players may use dedicated software components or renderers to present output to the
display. This would be appropriate if, for example, a display needed to show the output
from a program that could not be easily rendered within a web browser.

Whichever approach is used display segments also require the standard features
expected in an unattended system such as watchdog timers to ensure the system is
restarted in the event of problems with content items.

The display segment may also be responsible for coordinating display across mul-
tiple displays if, for example, the installation takes the form of a video wall. Synchroni-
sation of multiple displays for such installations has been extensively researched within
the graphics community leading to systems such as SAGE (Scalable Adaptive Graphics
Environment)[94] and tight synchronisation between displays is a topic in its own right
and beyond the scope of this lecture.

To enable them to react to their environment modern signage systems can be
equipped with a wide range of sensors. These can range from simple movement sensors
that automatically switch displays o LCith unoccupied spaces or trigger attract sequences
through to sophisticated image processing systems that can tailor content to the age
and gender of the viewer. In general interfacing to these sensors is carried out by local
software though the output from this local processing may be streamed to the back-end
to drive content changes.

Displays also need to support interaction. Once again a wide range of options
are possible in this space. For example, in the case of simple touch screens input may
well be mapped locally to mouse events that are then passed to the relevant signage
application. However, more sophisticated forms of interaction such as gesture recognition
may require alternative mechanisms for routing the output of the interaction component
to the appropriate signage application. Several researchers have proposed toolkits for
supporting generic interaction with signage systems (e.g. PuReWidgets [31]). These
toolkits typically allow users to interact with a screen using a range of technologies such
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as touch, gestures or SMS commands and then map these interactions into a single input
stream that is delivered to the signage application.

6.6.2 AN EXAMPLE SOFTWARE PLAYER

As an example of a modern signage player we now describe the main features of Yarely,
a signage player developed by the authors to support open pervasive display networks.

Yarely obtain instructions on which content to play in terms of Content Descriptor
Sets from components in the scheduling and management segment. The purpose of the
Content Descriptor Set is to provide a description of a set of content items to be played
by the node, the circumstances in which they should be played, and the location of any
required media. We term any system component that creates Content Descriptor Sets a
Descriptor Factory. Communication between the Display Node and Descriptor Factory
(DF) occurs through the transmission of a Content Descriptor Set from the DF to the
Display Node. A Content Descriptor Set is encoded using XML (Figure 6.5) and, from
a design perspective, transmission of the Content Descriptor Set is protocol-agnostic.
Each Display Node may use Content Descriptor Sets from multiple DFs and each DF
may serve many nodes.

A Content Descriptor Set is comprised of a combination of two main types of ele-
ment: content-sets and content-items. A content-set is essentially a container element
for content-items and other content-sets, whilst a content-item describes a single item
of media that may be rendered at a display.

Yarely features a component-oriented design and is divided into five key modules
(Figure 6.6):

Subscription Management
The subscription management module is responsible for maintaining connections
with the Descriptor Factory for the purpose of requesting and receiving the Content
Descriptor Sets that describe the subscriptions. It polls periodically for changes in
its subscriptions and passes any changes on to the playlist generator and scheduler.

Sensor Management
The sensor management module reads data from sensors and environmental sources
(e.g. context, user presence and interaction) which may trigger injection of inter-
active content onto the node.

Playlist Generation and Scheduling
This module processes the available subscriptions to derive a playlist of content
items to be played in the immediate future and is responsible for the scheduling
of these content items onto the screen in response to changing circumstances (e.g.
time, sensing events) and in line with the constraints specified in the Content
Descriptor Set.
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<?xmnl version="1.0%"7>
<content-set nane="Vigit Day 2012° type~"inline*>
<auth handler="none” />
<feedback/>
“constrainta>
<schedul ing-constrainte>
<playback order»"random”
avoid-context-awitche"falase />
<time>
<betveen start="09:00100" end="172302007/>
</tine>
<date>
<between start="2012-09~22" end="2013-09-227/>
</date>
<priority level="medium”/>
</scheduling~constraints>

</conatrafintas>

<content-item content-type="video/mpd; charset=bimery”
slzes"42026281 bytea">
<requires-file>
<hashes>»
<hash rype«"nd5">
£421a52b057689100948a0706 700 38
</Baah>
</hashes>
“ROUTCeR>
<urirhttp://content.con/vdl012-40Mb . mpd</urin
</sources>
</requires-file>
conatralata>»
<scheduling-constraints>
<praferred-duration>246.2%/preferred-duration»
</scheduling~constraints>
</comstraints>
</oontent-item>
<gontent-set name="T; Visit Doy 2012 type="remote’>
<requires-file>
<gources>
“<url refresh="2 minutes >
heetp://eontent.con/channel . .php?ids202
</uri>
</sources>
</requires-file>
</content-set>

c/content~-net>

Figure 6.5: A sample Content Descriptor Set.

Content Rendering and Lifecycle Management

playback, playback, and cleanup on completed playback.

Analytics

120

Content rendering refers to the physical representation of content items onto output
hardware (e.g. display, speakers). The lifecycle of such content items includes the
caching of media at the display node, the preparation of content in advance of

The analytics module is responsible for returning data to external servers (e.g. the
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Descriptor Factory or application provider). These may take the form of summary
statistics or notifications on a per-event basis.

Each module is composed of a managing element plus a set of further plug-ins
which handle specific software or hardware requirements. The module for Content Ren-
dering and Lifecycle Management for example, relies on a set of renderer plug-ins needed
to handle content types including Web pages, images, pre-recorded and live streamed
video. The renderers are platform specific and are the only element of the system that
needs to be adjusted from system to system. Within the lifecycle management, caching
plug-ins handle HT TP download, and other mechanisms, e.g. bit torrent or other content
distribution networks.

Figure 6.6: Node architecture.

Yarely is simply one software player for digital signage and many others exist
oLering a wide range of features.

6.7 MOBILE SEGMENT

Modern signage systems now look to extend the viewer experience beyond the display
and onto the user’s mobile device. Since mobile devices are primarily used for interaction
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a full description of the software that can be deployed on mobile devices was presented
in Section 5.4.

6.8 ANALYSIS

In this chapter we have provided an overview of the wide range of issues that signage
software must tackle. These have been presented within the context of an architectural
framework consisting of four distinct segments covering content creation, management
and scheduling, content display and mobile interaction.

Many researchers and developers underestimate the complexity of developing sig-
nage and display systems. This commonly occurs because the principal function, namely
showing content on a screen, can be achieved straightforwardly using existing o [=the-
shelf technologies — especially if a web-centric approach is adopted. However, as we have
shown, rendering content is a small part of any signage system and a wide range of
additional capabilities are required for even the most basic system.
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CHAPTER 7

Research Tools and Techniques

7.1 INTRODUCTION

Pervasive displays represent a young and exciting area of research. In many areas of
computer science there are well accepted research tools and techniques that are used
to help answer common research questions. For example, most networking researchers
will be very familiar with packet sni[erk and network simulation tools such as ns-2/ns-3
while database and file systems researchers will have used a wide range of benchmarking
tools on standard data sets. For researchers in pervasive displays however the choice of
tools and techniques is much less obvious — there are no widely accepted test data sets,
tools or techniques.

Indeed, researching pervasive display systems is extremely challenging for a num-
ber of reasons. Firstly, there is often no single goal that pervasive displays (or their
content) try to achieve. Ads most likely strive to maximize public attention, interactive
games may want to create an engaging experience, informative applications such as a
public transport schedule may aim at maximizing usability, and some displays may be
designed to fade into the background, just presenting ambient information. Hence, met-
rics for display systems need to cope with dilerkent content, situations, and purposes if
meaningful comparisons are to be made.

Secondly, pervasive display systems often need to be evaluated in the wild because
there are no models or simulations that can be used for experimentation. The closest
signage comes to models are static models of attention such as the Fraunhofer frequency
atlas for Germany that provides an attention estimate for streets, public transport infras-
tructure, and pedestrian areas. The model considers diLerknt factors, including points
of interest (restaurants, recreational facilities), population density and structure, traf-
fic, street categories, and socio-demographics as well as socio-economic data. While this
model is useful for estimating likely viewer numbers for a given screen it says nothing
about such views might respond to a given display or, indeed, the impact the display
itself may have on the environment.

Finally, we note that conducting field studies or deployments of pervasive display
systems is extremely challenging in terms of the investment required to make these
a success. In particular, issues ranging from ethics requirements through engagement
with multiple stake holders to developing prototypes that can operate unattended for
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extended periods all add significantly to the time and financial costs of conducting
research in this space.

In this chapter we provide an overview of common research approaches used in
the field of pervasive displays to assist researchers starting out in this area.

7.2 EXAMPLE RESEARCH AREAS

Given the relatively immaturity of the field it is perhaps unsurprising that researchers
are often trying to answer a very wide range of questions when they experiment with
pervasive display systems. However, it is notable that there is very little systems-oriented
research in this field — instead researchers are more often focused on trying to understand
the impact of displays on users in areas such as user experience, user acceptance, privacy
concerns and social impact. In the following list we provide more details on a number
of example pervasive display research areas.

Audience Behaviour A major research focus is often on how an audience behaves
around a display. This topic is particularly interesting for application developers
and content creators as novel interaction technologies and techniques emerge. For
example, showing content on a planar screen may lead to very diLerknt behaviour
when compared to showing the same content on a cylindrical screen due to the
lack of framed content [16]. Researchers have studied a number of systems in this
area and observed e [edts such as the honeypot [29, 132] (interacting users attract
more users), the sweet spot [15] (a preferred position in front of the screen), or the
landing zone [132] (people only realise that a display is interactive after passing by).
Though mostly conducted in the real world, there are also examples of lab studies
[15]. Audience behavior is most commonly evaluated through observations [56] and
log data [157].

User Experience User experience depends on dilerknt features, including content,
presentation, functionality, and interaction [18]. A good user experience may lead to
a higher motivation to use the application and possibly draw the user in for as long
as possible. For example if a display application makes the user look ‘good’, this
staging e [edt is likely to increase interaction times. A prominent example is Dance
Dance Revolution (ref). Researchers have examined di Lerent interaction techniques
and their eledt on user experience based on (standardized) questionnaires, e.g.
interactions mediated through a mobile device [9] or direct touch [154].

User Acceptance User acceptance investigates users’ motives and incentives for using
a display. For example, passers-by may not use or even look at a display if there
is no perceived benefit, as is the case with many advertising-based displays today.
User acceptance can be assessed qualitatively based on subjective feedback, e.g. in
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focus groups to collect the target group’s view and concerns [37] or quantitatively
based on questionnaires [123] or interaction logs.

Privacy and Security As displays become equipped with an ever increasing number
of sensors they are prone to raising privacy concerns of the user. The video feed from
a display could, for example, be used to identify the user in front of the display
and hence create movement profiles across display networks. A similar problem
arises as displays enable user-generated content that requires personal information
such as an email address to be provided. A number of projects have explored this
topic including Alt et al. who looked at how mobile phones can be used to help
overcome privacy issues [1] when exchanging personal information with a display
and Shoemaker and Inkpen who explored a novel interaction technique that allows
private information to be shown on a shared display [170].

Social Impact Pervasive displays can have quite a strong social impact. Examples
are displays connecting communities around the display [37] or displays showing
content that serves as a catalyst for social interaction, e.g. by engaging users to
play together [132], take pictures together, or simply talk about the content [121].
Representative projects include the CityWall, a large display in Helsinki that allows
multiple users to browse photo content on flick and investigates roles of the users
and social configurations [142] and FunSquare, an application that uses contextual
information about a place to create fun facts, thus trying to make passersby discuss
about the content [121].

User Performance Many displays aim at minimizing interaction times. For example,
a display providing travel information at a train station should provide an inter-
face that allows the user to find the required information as easily and as quickly
as possible. Examples of studies of user performance include comparison of direct
touch at the display and the mobile phone [4] and in-depth investigations of inter-
action techniques based on cameras, mobile phones [9] or direct touch [44]. User
performance is typically quantified by measuring task completion times and error
rates [9, 44, 162].

Display E [edtiveness Defining and measuring the e Ledtiveness of a display is chal-
lenging. However, in a commercial context owners of displays often want to know
how many views a display attracts and how much revenue a display generates and
this can be considered some form of measure of e[edtiveness. While commercial
audience measurement can is still in its infancy, there are examples of research in
to how to measure the number of people passing by a display [133], looking at
it [82, 133], and finally starting to interact [132]).
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7.3 FUNDAMENTAL RESEARCH CHOICES

Answering research questions such as those described above requires many dilerent
study types and methods. At the outset, researchers need to identify whether their
research is descriptive, relational, or experimental.

Descriptive research aims to accurately describe what is going on in a certain sit-
uation using techniques such as observations [133], interviews, focus groups [3] or photo
logs . In descriptive research multiple prototypes for comparison are not needed. It is
striking that the vast majority of public display research includes descriptive methods.
Good examples are the CityWall [142] and Worlds of Information [91]. In both stud-
ies, a single prototype is deployed and user behaviour around the display is measured,
analysed, and described. Descriptive research is especially suited for a research field like
public displays that is in an early phase of development and does not yet have general
theories that need to be evaluated. However, descriptive studies of single prototypes cre-
ate isolated points in the pervasive displays design space and it is di Lcullt to compare
results and designs. This makes it challenging to ultimately understand the structure
of the entire design space and hence the progress of public display research may be
hindered, in the long run, if it continues to focus purely on descriptive studies.

Relational research aims at showing that two or more variables covariate, i.e., that
there is a relation between two or more factors. In relational research causality is often
not attributed, i.e., it is unknown which of the variables causes the other to change, or
whether both depend on a third, unknown variable. Relational studies are rare in public
display research, in part because not many relationships between dilerent dependent
variables are known or considered to be interesting. Exceptions include ReflectiveSigns
[133], where it is shown that the time people spend looking at public display content
does not correlate with people’s stated interest.

Experimental research aims at determining causality, i.e., that one variable directly
influences another variable. Experiments typically possess the following characteristics:
they are based on hypotheses, there are at least two conditions, the dependent variables
are measured quantitatively and analyzed through statistical significance tests, they are
designed to remove biases, and they are replicable [108]. Experiments can be conducted
in the lab (more control) or in the field (higher ecological validity). Whereas a lot of
experiments have been conducted in the lab (e.g. in order to evaluate user performance
with regard to a novel interaction technique [9, 22, 44, 100]), real-world experiments are
rare in public display research because of the time and costs involved. Experiments in
which multiple variations of a prototype are developed for comparison purposes are par-
ticularly uncommon, with a notable exception being the Looking Glass project [132] that
tested the influence of dilerkent interactivity cues on the number of people interacting
with displays.
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7.4 COMMON APPROACHES

7.4.1 DOMAIN ANALYSIS

A range of techniques can be employed early in a research project’s lifecycle to help
develop an understanding of the problem domain.

Focus groups vary in format but are usually run with 5-8 people in sessions last-
ing about 1-2 hours, including a demonstration of the system (e.g. a novel interaction
technique for displays) and hands-on trials, followed by a discussion. The discussion
is typically led by one of the researchers. A good example is the work of Cheverst et
al., who use focus groups to discuss multiple system designs with diLerent degrees of
interaction [37]. The advantage of focus groups is that feedback can be obtained at very
early stages of the design process.

Interviews in pervasive display research are often semi-structured, i.e., the inter-
viewer follows some pre-defined guidelines but is able to explore topics in depth if they
obtain interesting responses. Interviews can also be conducted in context (e.g. shortly
after the subject used the system) and are a powerful method for understanding the
user’s views (e.g. concerns, problems, and opinions [1]). Questionnaires have been used
in many of the reviewed projects in order to assess, e.g. user experience [15], user per-
formance and the users’ views [9].

In ethnographic studies settings are investigated without intervention, e.g. without
deploying a prototype. Ethnographic studies have been used extensively to inform the
design of public display systems. Alt et al. conducted an ethnographic study to assess
the motivation and intentions of stakeholders as well as social impact. Huang et al.
investigate current practices around public displays [82].

7.4.2 LAB AND FIELD STUDIES

Lab studies aim at evaluating a system within a controlled environment. Lab studies
can be descriptive, relational, or experimental (see Section 7.3. During the lab study
both qualitative data (e.g. interviews [132] and observations [15]) and quantitative data
(e.g. task completion time and error rates [9, 22]) can be collected. The advantage of lab
studies is that external influences (such as other passersby, environmental conditions)
can be minimised and (sensitive) equipment for proper measurements (such as cameras
and sensors) that would be di Ccullt to deploy in public can be used [15]. The disadvan-
tage of lab studies is that they may provide only low ecological validity and that the
dynamics of the real world are excluded.

In contrast to lab studies, field studies aim at evaluating a system or technique
in a (semi-) public setting. In contrast to deployment-based research, they are rather
short (days to months) and focused on a single research question. Similar to lab studies,
they may be descriptive, relational, or experimental. Data collection in the field is often
cumbersome and time-consuming, since automation may be di Cculit due to privacy issues
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(e.g. recording video in a public space). The advantage, however, is that a high ecologic
validity of the data can be assumed. Furthermore, there are aspects such as e [edtiveness
[133], social e [edts [121], audience behavior [132], and privacy implications [1] that are
almost impossible to measure in the lab. The disadvantage of field studies is that they are
usually complex due to the high number of potential influences and require a tremendous
e Lorit in preparation (finding a suitable place, legal issues, etc.).

743 DEPLOYMENTS

Deployment-based research introduces technology (e.g. public displays) into a specific
setting (e.g. a city). User feedback and involvement are obtained and, in an iterative
process, the deployment is improved. At the same time, this data is used to build and
refine the theories, which in turn generates new research questions that can be ad-
dressed through changes in the deployment. In contrast to field studies, deployments
are integrated into the everyday life of their users.

Deployments form part of a continuum from lag studies through cultural probes
and technology probes to deployments [84]. Cultural probes support users with things like
cameras to document their lives, while technology probes introduce small prototypes in
order to understand a given domain, sometimes without the scientific rigour introduced
in experiments. Only deployments, however, really become permanent useful artefacts in
everyday life. Deployments enable researchers to investigate longitudinal e [edts of use
that cannot be investigated with other means. They are also the only method that can
eliminate the novelty factor that influences the results obtained via other kinds of studies.
However, the maintenance of such deployments binds considerable resources. Examples
of deployment-based research are Hermes [35], the Wray display [37], e-Campus [177],
and UBIOulu [140].

Quantitative data is often captured as part of deployments (and to a lesser extent
field-studies) and is particularly helpful when collected over a long period of time. Tools
for data logging include sensors that track motion [15], eye gaze [163], presence [132],
or user interaction [1]. Quantitive data is used in many studies to help describe, e.g.
the trajectories [15], time of day [1] and type of content [163] with which interaction
occurred.

Observations also provide a powerful tool to analyse audience behavior around
displays [15], their e [edtiveness [132], and social impact [91]. In general, two forms of
observations can be distinguished: automated and manual. During automated observa-
tions users are observed by cameras installed in fixed locations (potentially filming both
the screen and the viewer) [15]. The video footage can be analyzed post-hoc using com-
puter vision methods such as shape or movement detection, eye recognition, or manual
annotation and coding [15]. When conducting manual observations, data is gathered by
observers, e.g. by taking field notes or pictures and videos from both the subject and
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the display [132]. In this case, the observers usually hide in a location from which both
the screen and the interacting persons can be seen [1]. The advantage of this method is
that users behave most naturally if they are not aware that they are under surveillance,
making the findings highly ecologically valid. Of course video-based observation may
compromise privacy, and it may be very di [cullt to draw conclusions as to why users
behaved in a certain way. Therefore, observations are often combined with (post-hoc)
interviews.

7.5 GUIDELINES FOR RESEARCHERS

7.5.1 GENERAL POINTS

There are few hard and fast rules for research in the field of pervasive displays. However,
we believe that the following points should help those considering undertaking research
in the field.

Know whether the study is descriptive, relational, or experimental. It should be
very clear whether the study is an experimental one or not. If there is no theory or
good hypothesis, as is often the case with public displays, a descriptive study is likely
to be more suitable. Experiments, however, help establish causal relationships between
phenomena, and allow the design space of public displays to be structured in the long
term so are particularly valuable.

Choose your focus on internal, external, or ecological validity: Oftentimes, control,
generalizability, and realism cannot all be achieved at the same time. It is important to
make clear which kind of validity will be the focus and which validity will be partially
sacrificed. In public display research ecological validity is typically more valued, but it
has to be clear how internal and external validity are impacted, and what measures can
be taken to improve these (e.g. randomisation to decrease the influence of confounding
variables).

Consider the impact of the content: Public display research is not possible without
content, but the impact of content and other factors on usage is indistinguishable [177].
Thus, every study is at risk of producing results that are only valid for the particular
kind of content tested. Testing di Lerknt contents might help.

Understand the users and the environment: Public displays may have vastly di [ert
ent users at di Lerent locations and di Lerent times. In [132], for example, school children
in the morning behaved very di Lerently from people at night while at one location very
few people looked at the display because they turned their head in the opposite direction
to look down a road as they approached it. Deployment in public space also introduces
ethical issues, and anonymization of any required data will usually be necessary.

Be prepared for small sample sizes: One of the most common problems with public
displays is that they do not receive a lot of attention. This is particularly problematic for
interaction studies because passersby do not expect displays to be interactive [132] nor
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do they expect to find interesting content on the displays [133]. Engaging people that
actively promote displays can help to raise audience awareness of a display’s interactive
capabilities [139] and creating highly customized content that reflects the users’ interests
may also help but is expensive [177].

7.5.2 CONSIDERATIONS FOR FIELD STUDIES AND DEPLOYMENTS

In addition to the general points discussed above, field-studies and deployments need
particular care. The points below are based on many years experience of conducting this
type of research (see [63] for more details).

Engaging with stakeholders. Deploying systems for people to use is always a costly
process. Designing a system that meets expectations, helping set those expectations and
ensuring that no health, safety or regulatory constraints are contravened takes great care.
We recommend actively seeking to involve the various display stakeholders and learning
as much as possible from them about their concerns and constraints. Care should be
taken in setting expectations about the system, especially early on: in-situ testing can
be confused with a live system, and periods when the system is deliberately o [_With
system failure. Such testing cannot be avoided: it is invaluable for understanding the
practical, environmental and operational concerns of running your system in the wild.
Researchers carrying out field studies and deployments also need to prepare themselves,
their team and their work for public scrutiny—there will be curiosity about the system
and you may be held accountable to funders, media or public.

The importance of good content. As we found, and can be seen more generally
from many other public-facing ubicomp systems, such as GUIDE [33] and Uncle Roy All
Around You [13], where content is intrinsic to the system: good content is essential. For
many users the content is the system, and poor content results in a poor user experience
and reflects badly overall. Considering content too late in the project life-cycle can lead
to a mismatch between the needs of content and its creators, and the facilities o [erkd
by the system. Generating compelling content is a non-trivial task requiring specialist
training and toolchain knowledge. In our experience it is normally best to go outside
the project team, often to art and media professionals, and resource this appropriately.

After deployment comes maintenance. Issues aledting maintainability will diler
for each system. However, we note that for public deployments it is crucial to ensure
adequate physical access to, and control of, the space in which the system is deployed. To
pick a somewhat extreme example: for one of our own installations a series of projectors,
which we had perhaps hastily assumed would require little attention, were located above
a road in a bus station. Repairs necessitated closing the road, rerouting the buses and
assembling a sizeable sca [olting tower—each repair took on average 5 weeks to achieve
as a result! For long lived systems we also suggest that—rather than, as is the temptation,
creating a deployment in the lab and then moving this into the field— a duplicate set-
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up should be kept in the lab to ease testing of proposed maintenance procedures. We
believe that in most cases the extra costs involved will be more than justified.

Remote observation and control. Researchers should ensure that the final output
of the system can be remotely monitored and controlled where possible. Pervasive dis-
play systems are often complex conjugations of hardware and software, and even with
taps into remote communication channels and command shell or virtual desktop access
to parts of the system, it is seldom easy to appreciate what the user is actually ex-
periencing, let alone make good guesses as to what is and isn’t working correctly. We
have found that building ‘white box’ components that externalise their internal state, or
send periodic status announcements, e.g. via a publish-subscribe event-channel or tuple
spaces [95], can make observing, debugging and even extending the system, much easier.
Anticipating and planning for (and not underestimating!) the need to restart systems
and components, fault recovery and managing the flow of content and growth of log
files, simply or automatically, will pay o i the long run. Adjunct to this, remote net-
worked cameras and microphones, while seldom popular with end-users, do make fault
reporting and debugging far simpler—often saving lengthy and di Ccullt conversations
by phone and email. Naturally, one must balance the need for remote observation with
the sensitivity of the environment and users in question.

7.6 SUMMARY

Pervasive display research is still in its infancy. In this chapter we have attempted to
provide researchers with a starting point for projects in this area — considering a number
of example research questions, some basic methodologies and sharing our experiences of
conducting research in this field.

A particular problem with public displays is the questions for the validity of the
data. Most studies can be criticised as not exercising su Lcieht control over confounding
variables (internal validity), not generalising findings to cover other settings and situa-
tions (external validity), or not testing a realistic situation (ecological validity). Internal,
external, and ecological validity usually cannot be achieved at the same time. Instead,
studies must often sacrifice one or two of them to improve the third. In HCI, internal
validity is often prioritised above the other two, leading to highly controlled lab studies
with rather low ecological validity. In contrast, public displays are, by nature, a very
social phenomenon. Behaviour in the public space may be very dilerent than what is
predicted by lab studies [82]. Hence, for pervasive display researchers ecological validity
is often prioritised above internal and external validity.

In the following chapter we provide two case studies of pervasive display research
projects that have created large-scale research deployments in order to provide ecological
validity.
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CHAPTER 8

Case Studies

8.1 THE ROLE OF CASE STUDIES

As we saw in the last chapter, research into pervasive display systems is often con-
ducted through the creation of prototypes that are deployed “in the wild”. This provides
a chance for researchers to study how users interact with such systems outside of the
confines of the laboratory and provides insights into performance under realistic situ-
ations. Longitudinal studies are particularly interesting as they help mitigate against
novelty e [edts when conducting user experiments.

In this chapter we present case studies of two research prototypes that the authors
have contributed to, i.e. e-Campus and Digifieds to help illustrate the type of work being
undertaken in the field.

8.2 E-CAMPUS

8.2.1 INTRODUCTION

The e-Campus project is a long-running project at Lancaster University [176]. Begun
in 2004, the project was the result of a large (£0.5m) investment intended to encourage
the development of a public display research testbed on the University campus. From
the outset, e-Campus was required to serve as a ‘laboratory’ for other researchers and
to be able to accommodate a range of novel applications and content types as well as
meeting the needs of traditional digital signage users.

Figure 8.1: Examples of e-Campus deployments.
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The e-Campus system consists of a variety of di [erknt installations including LCD
screens, small o [cekigns and large projector installations (Figure 8.1). At the time of
writing, e-Campus has been fully operational for 9 years, has grown to 30 installations
around campus and is in daily use as the main digital signage and emergency alert
solution on our campus. As of 2011, the system had 81 individual users who had created
3,700 content items (nearly 5GB). In addition to its role as a digital signage system,
e-Campus has been used for arts festivals, numerous student projects and as the basis
for many research projects on interaction with public displays.

8.2.2 RESEARCH AREAS

The e-Campus project has explored a number of research areas including systems in-
frastructure and APIs for signage development, personalisation, interactive applications
and user interfaces for content creators. The work on user interfaces for content creators
has already been discussed in Chapter 6 but we summarise the system software and
applications work below.

Systems Software and APIs for Signage Development

The e-Campus system was designed to o [erlan API that enabled researchers and content
authors to create sophisticated applications for presentation on e-Campus. The compu-
tational model that emerged is an abstract form of a typical hardware deployment. It
consists of a small number of conceptual entities: displays, applications, schedulers and
handlers. A logical display may represent a physical display, but could also be a specific
region on a screen or a particular frame bulerl In the majority of cases, applications
are actually wrappers around content renderers for image, movie or web page media
types. Schedulers are the backend logic of an application, running on an application
server. Handlers resolve conflicts for physical display resources between logical displays
and deal with any hardware specific issues for a display such as monitoring the max-
imum on-time for a projector. New schedulers are written whenever a requirement is
introduced whose needs are not met by the existing set of schedulers.

The scheduling API consists of four conceptually simple operations: CreateApplica-
tion, ChangeState, Transition, and TerminateApplication that can be applied to displays.
These operations are surprisingly powerful: arguments can refer to multiple displays or
groups of applications. Sequences of operations can be associated with a transactional
block that can fail atomically—enabling operations that involve multiple displays or
multiple content items that must be available simultaneously to either succeed or fail
without aledting the visual state of the displays. The following Python code snippet
illustrates the case of synchronising the play-out of two pieces of content across two
displays:

try:
gid = api .MakeGroupld()
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t = transaction( api, None )

# Create renderers

(worked, pid) = t.CreateApplication(’display-1~,
"http://e-content/~demo/cyclingl.mpg"”, gid)

(worked, pid) = t.CreateApplication(’display-2~,
“http://e-content/~demo/cycling2.mpg”, gid)

# Cause renderers to prefetch content (note use of group id)
t.ChangeState(gid, APPLICATION_STATE_PREPARED)

# Make content visible
t.Transition(DISPLAY_ID_ALL, gid, APPLICATION_STATE_VISIBLE)
t.commit()

except transaction_aborted, msg:
print "CandAZt display cycling video™, msg

The display components take care of arbitrating requests using a simple scheme
based on pre-emptable locks (an application has a display resource providing it is free
or has higher priority than the application already holding it).

The computational model was implemented as a set of Python processes that
communicate via a shared publish-subscribe event channel. This approach has several
advantages, including the ability to inspect the system at run-time to determine its
status or liveness; and support for post-hoc analysis after failures to determine the
cause. Events can also be injected or scripted to manually orchestrate and extend the
system. However, the event channel also proved the Achilles heel of the entire e-Campus
system—the most common cause of outages in e-Campus related to communications
problems between displays and the event channel.

The API has been used to create a number of schedulers for specific uses: including
a primary scheduler for handling the placement of day-to-day digital signage content;
and various interaction schedulers (games, digital posters and so on) that are triggered
by user interaction, including SMS messages or Bluetooth sightings.

While this API gives complete flexibility, it also became clear there was a need for
a ‘high level API’ that was simple to use from within web based applications (e.g. via
AJAX). An HTTP-based API was created for this purpose that enables applications
to create a ‘request’ to display a ‘playlist’ of content. A fairly powerful set of optional
display constraints can be set including: the time, duration, number and gap between
repetitions, displays, or presence of particular users (detected using Bluetooth MAC
address). A scheduler process evaluates these constraints and the content is displayed
when the appropriate conditions are met.

Applications

e-Campus is unusual in the research field in that it has been in daily use for over 8
years. The principal applications that have run on the network have focused on delivering
regular signage functionality. However, during its lifetime the e-Campus project has also
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tested a wide range of applications aimed at stimulating engagement between displays
and users.

Content Creation Applications To support regular signage applications the
e-Campus project developed the e-Channels system described in Chapter 6. In addition,
the project team created a simple wizard that allowed users to create simple context-
sensitive posters for display on the signage network. For example, users could create a
poster that would be displayed when a specific user’s phone (identified by the Bluetooth
MAC address) was close to a display. To meet the needs of the University’s adminis-
tration an application for posting emergency announcements was also developed. This
enables members of the emergency response team to post announcements on the signage
network that are either multiplexed with existing content or which pre-empt existing
content depending on the priority assigned.

Interactive Applications and Personalised Content The project initially
explored the use of SMS messages to support interaction with a map tailored to a
display’s location. Users could ‘text’ to an advertised phone number to trigger the map
and highlight a route to their destination. A downloadable J2ME application o [erkd
lower latency interaction via Wi-Fi for compatible phones. Neither method had any
lasting impact: the unpredictable latency, potential cost, and e [ant of sending commands
via SMS posed significant usability problems. The return on the e [adt invested by the
user installing the application was not high enough since the application was narrowly
focused on the map, rather than wider interaction possibilities.

In an e [ont to overcome the limitations of SMS and phone applications, the project
investigated Bluetooth as a possible alternative [45]. The main idea was to exploit Blue-
tooth capable mobile phones, using their device-name as a method for issuing commands
to tailor content of nearby displays. This technique incurs no cost, there is no need to
install an application, and delays are bounded if not entirely consistent. The project sup-
ported commands to access Flickr photos, YouTube videos, Google keyword searches,
and web pages via ‘tinyurl’ short links. While users found the system easy to use, and
initial concerns about privacy or users’ reluctance to change their Bluetooth names
did not appear to be founded, the applications were simply not considered compelling.
Despite having an extensive marketing push during a campus open-day with many thou-
sands of visitors the system still only managed to attract a handful of users. We note
that these days many phones do not turn or keep Bluetooth on by default and in some
cases (e.g. the Apple iPhone) the name cannot be changed without docking the device,
substantially undermining the technique for these users.

e-Campus also used simple Bluetooth scanning to trigger content—though the
time it takes to complete a Bluetooth scan makes this a far from ideal approach. Stu-
dents at Lancaster developed one of the most imaginative pieces of content: a simple
mixed reality game called ‘capture the flag’. Based on the popular paint-balling game

135




86 8. CASE STUDIES

of the same name, players had to ‘take’ an enemy stronghold (particular displays) by
grouping together in front of it until their Bluetooth devices were detected. Naturally,
the enemy players competed to do the same thing. The winners were the team with the
most displays ‘captured’. The game was surprisingly exciting to play, although caused
considerable consternation to other campus users as players ran around campus. This
was one of the few uses of the displays that have exploited the physical separation and
situated nature of the displays.

The project also conducted a series of collaborations with artists that led to the
production of high-quality, non-traditional content for the signage system. Examples
included specially commissioned videos and sequences of poetry and video clips that are
shown when a user is detected at each display — essentially providing an experience that
follows the user. While this idea was potentially very interesting the Bluetooth-based
presence detection system performed very poorly and viewers often had to linger in front
of a display to see the content or, worse, the content had already finished playing by
the time the viewer could actually see the display (as opposed to simply being within
Bluetooth radio range).

8.2.3 EXPERIENCES WITH CONTENT CREATION AND SHARING

The e-Channels content sharing system developed as part of e-Campus has been in
continuous use since May 2008 and it has proved to be highly e [edtive in the University
environment. The system has allowed display owners to adapt their display’s use to their
particular context and needs. Despite owners not being able to ‘see into’ channels at the
point of subscription, from the usage traces of e-Channels it can be observed that they
do trust one another as content providers (actively subscribe to each others’ channels).
Similarly, it is content providers’ responsibility to ensure that content in their channels
is appropriate for the displays’ audience and that, for example, copyright material is
not shown—there have been almost no instances of abuses of this trust, and no obvious
copyright violations.

Considerable variation is present between the di Lerent user groups and stakehold-
ers in the system (see Figure ??). The frequency of content generation varies dramatically
(Figure 8.2(b))—for many users, the system needs to be optimised for occasional use
(see [40]). The split between shared and non-shared (private) channels is almost exactly
50:50, however, there are extremes: some users create primarily shared content, whereas
others focus on producing private content for their own display. Channels are used e [ed-
tively as organisational tools for grouping content. There is an incentive to keep reusing
public channels as this avoids burdening users with the need to keep modifying their
subscriptions. Some users exploited this, going directly to the file share for their channel
and manipulating their content files without going via the web interface at all.
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Figure 8.2: Media Types Added by User Group, Lifetime of Content (Probability Density)
and Analysis of Content Lifetime, Media and Type.
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By far the most common type of content is images (83%), with video (7%) being the
next most common (see Figure 8.2(a)). Anecdotally, images are easier to produce given
the expertise, time and toolchains available. The lifetime of content loosely follows the
coarse timetable of the University—existing for between 1-3 months or more; although,
news and announcements of events are in the system for considerably shorter periods
(Figure 8.2(c)).

Several user groups have developed a sophisticated understanding of how the sys-
tem behaves and are able to subvert it to a certain extent. multiple copies of content
means it will appear more often; creating long videos of static content ‘tricks’ the sched-
uler into presenting it for longer—and this is arguably simpler for users and developers
than olering more complex controls over content play-out. This hints that users will
appropriate the system and bend it to their needs, providing it is su Lciehtly intuitive
and flexible. But, that secondly, such abuses while ostensibly a positive thing where they
have been used benignly to raise visibility of important content (as in our case), could
also be misused in other settings.

There have only been two incidents where we have been asked to act to remove
content. Firstly, due to ‘decontextualisation’ where a video with sound was shown during
an exam—the provider could not have known how their channel was to be used—we’re
certainly more careful about enabling audio in certain locations now! The second, due to
the ‘situated’ nature of the display: a college principal was concerned that the audience
would mistakenly perceive a particular anti-religious viewpoint of one content item as
being endorsed by the college. Being able to trace back a content item to its source is an
essential feature of the system in order to support handling of requests from stakeholders
to remove content that is deemed inappropriate.

8.3 DIGIFIEDS

Digifieds (Figure 8.3) is a digital public notice area (i.e. a notice board) that has been
developed by researchers at the Universities of Duisburg-Essen and Stuttgart. One of
the authors of this lecture was involved in its design and implementation. Digifieds
illustrates the use of a holistic approach to designing, developing, and deploying a shared
and networked public display application.

8.3.1 DESIGN AND DEVELOPMENT

Informing the Design

Digifieds was the result of a thorough analysis of traditional public notice areas. Prior
to the development, the researchers conducted an ethnographic study in 29 locations,
based on photo logs and interviews. The aim was to identify stakeholders, mechanisms
for creating, posting, and exchanging content, access control, and common practices
around analog displays [1, 4]. The study revealed a number of interesting findings:
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Figure 8.3: Deployment of Digifieds in Oulu: market square (left) and public library (right).

1. With almost no exception, the content posted on public notice areas relates to the
local area or community using the space (e.g. notifications of local events). Hence,
the developers decided that posting procedures should support locality and provide
a way to restrict content to a certain neighbourhood.

2. Notice boards often reflect the dilerent agendas of the owners of the space /
display. Whereas some owners use displays as decoration, others provide them as
a service for customers in an attempt to increase the importance of the space to
the community and customers. As a result, Digifieds gives owners overall control
over the board profile and provides features allowing them to easily choose which
postings to allow or remove.

3. Notice boards often feature a wide variety of posts — ranging from handwritten
notes through printed notes enhanced with images and maps to professionally
designed advertisements. Digifieds was designed to facilitate this range of posts
and supports ad-hoc posters coincidentally approaching the display, sophisticated
posters who prepare content in advance, as well as professional posters.

4. The ability to “take-away” information is crucial for the success of classifieds and

event promotions. As a result, traditional notices either provide pointers for viewers
to retrieve information (e.g. a URL or telephone number) or a copy of the content
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in the form of tearaways. The developers of Digifieds have attempted to provide
similar capabilities using mobile devices.

System Description and Implementation

The Difigieds platform is based on a client-server architecture. A central server com-
ponent is responsible for data management and storage and supports access to content
through a RESTful API. A web-based display client allows users to create and retrieve
classified ads from a touch-enabled public display using an on-screen keyboard. Classi-
fied ads consist of a title, description, supplementary material, such as images or videos,
and an email address for the provider of the classified ad. The display client uses AJAX
to create an interactive Ul capable of attracting and enticing people through immediate
feedback. HTML5 and CSS are used to layout the content and a browser in kiosk mode
to run the client. Using asynchronous HTTP requests, the display client periodically
polls for data changes. If there is any new content, the corresponding GUI elements
are updated. The internal browser cache minimizes the data tra Lcand is used for me-
dia documents (images, videos, HTML, CSS). The browser’s local storage API saves
the classified’s data in JSON format even between browser sessions or in network-loss
situations.

An Android-based mobile client allows content to be created on-the-go (pictures
and videos taken via the mobile phone camera can be included) and to be posted on
an arbitrary display. Furthermore, classified ads can be retrieved from a display and be
locally stored for later review. Finally, the web client is intended for desktop users and
allows professional designs to be created (e.g. an event flyer). In contrast to the display
client where content that is created using the on-screen keyboard instantly appears on
the screen, content created using mobile or web clients needs to be transferred to the
screen by means of di[erent interaction techniques (see Section 8.3.2). Note, that while
remote posting is technically feasible the developers of Digifieds chose to requires users
to come to the display personally in order to transfer their content as a means of helping
to preserve the locality of a display. In common with many commercial signage systems
Digifieds also supports the notion of display groups — allowing content to be easily posted
to a number of displays at a time.

8.3.2 INTERACTION TECHNIQUES

A number of interaction techniques are provided to support the exchange of content
between a display and a mobile phone (for posting or retrieving content) [4]:

Phone/Display Touch The user can touch the display with the phone at an arbi-
trary position. In the posting mode, the digital classified created on the phone is
transferred to the display (activated) and inserted at the touched position (Fig-
ure 8.4a). In the retrieval mode, the digital classified located at the position where
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Figure 8.4: Posting content on a PNA - (a) phone/display touch, (b) alphanumeric code, (c)
QR code on phone display or printed paper.

the user touches the screen with the phone is transferred to the mobile phone. The
phone/display touch feature is implemented by synchronizing actions between the
display and the phone. Once a touch gesture is detected, the phone and display
are matched via timestamps. Subsequently, the selected post is transferred via the
digital classifieds server between the devices. This method was primarily developed
for displays with IR touch frames.

Alphanumeric Code Similar to the phone/touch feature, a 5-character alphanumeric

code (e.g. 4XB6A) can be used to activate a digital classified (Figure 8.4b). This
code is associated with each post and available on the mobile phone after creating
the post. It then needs to be entered on the public display of the user’s choice.
Furthermore, alphanumeric codes are also used for content retrieval. The code can
be entered into a form on the website or directly into the mobile phone client to
download the post.

QR Code Based on the alphanumeric code a QR code is also created. To enable post-

ing, the QR code can be displayed on the mobile phone’s screen and captured by
the public display’s camera (Figure 8.4c). QR codes are also displayed next to each
digital classified shown on the display. These codes can be scanned using the mo-
bile phone and either used to open the classified in the mobile browser, or, if it is
scanned with the Digifieds mobile client, be transferred and stored on the phone.

Technically, content created using mobile or web client is instantly transferred to

the server. Using any of the above interaction techniques simply activates the classified
ad for a certain display and triggers the display client to pull the content from the server.

In addition to interaction based on mobile phones, the Digifieds system also sup-

ports users without a phone via email and printouts.
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Email For each classified ad a form is provided where the user can enter their email
address. The classified ad (text, images) are then sent to the user together with a
link to the online version of the classified so that the user can subsequently contact
the creator.

Printout In cases where a printer is available in the vicinity of the display, the Digifieds
platform supports the printout of a classified ad. The printout includes the ad’s
alphanumeric code that can be entered on the website in order to contact the
creator.

8.3.3 DEPLOYMENT AND EVALUATION

Digifieds was a finalist of UbiChallenge 2011 [1] and subsequently deployed in Oulu as
part of their pervasive display system. The application is still available as of the time of
writing. The Digifieds platform has been evaluated in a number of trials both in the lab
and in the field and with regard to a number of di[erknt research questions, including
usability, performance, and privacy.

Investigation of Suitable Interaction Techniques

Prior to the deployment in Oulu, researchers investigated and compared Digified’s dif-
ferent interaction techniques in a lab study. In a first step, scenarios were created that
resembled realistic use cases for the Digifieds application, including (1) passing by a
display and deciding to post/retrieve content using the on-screen keyboard, (2) creating
content using the mobile client while being on-the-go (e.g. commuting on the train) and
uploading it to a display and, (3) creating content at home and exchanging the con-
tent by means of paper printouts. Concrete tasks where assigned to each scenario (e.g.
“Imagine you are at the display in a shopping center and want to sell your bike. Please
create a classified ad using the display client and post it in the ‘Sales’ category.”).

In total, 20 participants with no CS background were recruited for the evaluation
and had to perform the tasks in counter-balanced order (repeated measures design).
Researchers measured task completion time and length of posts, ran usability tests (SUS
questionnaire for each condition), and conducted semi-structured interviews. The results
of the study showed significant di [erences in performance and perceived usability based
on the age and technical skills of the users. Younger participants performed significantly
better with the mobile phone techniques (posting and retrieving content). Tech-savvy
users (i.e. users with a smartphone, that have unlimited internet access and that make
extensive use of their phones) are not only significantly faster on the mobile phone, but
they also prefer the mobile phone-based techniques and they write significantly more
text. Detailed results can be found in Alt et al. [4].
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Privacy and Content

Following up on findings from the lab, researchers focused on privacy issues as well
as on content during the field trial in Finland. The field trial included observations,
guestionnaires, and semistructured interviews with 61 participants and an analysis of
the content that was created during the first two months of deployment.

The questionnaires revealed no significant dilerknce in users’ privacy concerns
between traditional and digital public notice areas. This is interesting, because in the
digital case it is not clear for the user who has access to the data and where it appears.
The questionnaires also suggest that users feel that the mobile phone can significantly
help preserve their privacy, particularly with regard to sensitive information, as it makes
it more di Cculit for bystanders to see this information being entered (i.e. shoulder surfing
entry on a phone is more di Cculit than shoulder surfing someone entering data onto a
large public display). With respect to content, users mainly expected locally-relevant
content, such as sales or event information.

8.4 SUMMARY

In this chapter we have presented two case studies of research prototypes that help
illustrate the type of work being undertaken in the field of pervasive displays. In the
remainder of this lecture we consider the future for pervasive displays and present some
concluding remarks.
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CHAPTER 9

Conclusions

9.1 RECAP

In this lecture we tried to provide a comprehensive introduction to the field of pervasive
displays. In Chapter 1 we outlined the basic characteristics of display networks that make
them such an interesting topic of study. To provide a sense of the history of the subject in
Chapter 2 we presented a chronological view of pervasive display research. In Chapter 3
we considered what the near-future might hold for display networks — describing a series
of compelling applications that are being postulated for future display networks.

Creating pervasive display systems raises a wide range of challenges and require
designers to make a series of important trade-o [SAnd we dedicated four chapters to key
aspects of pervasive display design: audience engagement, display interaction, system
software and system evaluation. In Chapter 4 we described current models that attempt
to allow designers to understand how viewers and passers-by might engage with displays.
Once a user has become engaged, most future systems will need to support interaction
with the display. In Chapter 5 we described the state-of-the-art in display interaction —
focusing mainly on interaction techniques that involve a mobile device but also including
a brief survey of other interaction techniques including gesture based displays. The
software that underpins pervasive display networks is described in Chapter 6.

Evaluation of systems is always important to researchers and in Chapter 7 we
described a series of evaluation techniques that can be used in the context of perva-
sive display research. To demonstrate some of the practical implications of the tools
and techniques described we presented in Chapter 8 two case studies: e-Campus and
Digifieds.

9.2 KEY CONSIDERATIONS IN DESIGNING FUTURE
PERVASIVE DISPLAY NETWORKS

Traditionally display network designers have been concerned with issues such as the size
and location of the physical display and selection of content that will attract viewers.
In the future we believe the following topics will be central to the design of any display
network:

Openness and Control Innovation in display networks is most likely to occur if we
are able to open up future networks to a wide range of content and applications
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from new sources. This represents a fundamental challenge to the closed networks
of today and how to balance openness with the need to control screen access is
likely to prove a significant design challenge.

Tension Between Personalization and Privacy It is clear that displays will have
increased value if their content can be tailored automatically to the needs and
interests of nearby people. However, the requirement to decide when personalised
content can be presented without impacting on a viewer’s privacy coupled with
the need to manage the collection, storage and exchange of data to facilitate this
represent fundamental challenges to the adoption of pervasive display networks.

Support for Situatedness In addition to tailoring content to specific users, consid-
erable value can be obtained from ensuring displays evolve to provide content
appropriate to their situation. Ensuring the appropriateness of displays in both
fixed and dynamic situations (such as when displays themselves are attached to
vehicles for example) is a key challenge.

Enticing Interaction There are currently no accepted techniques for rich user inter-
action with public displays. The lack of appropriate input devices, the transient
nature of interactions and the potential presence of multiple users interacting with
displays in a single place combine to make this an extremely challenging problem.
This lack of accepted techniques limits the range of applications that can be use-
fully deployed and is likely to restrict the potential of pervasive display networks.

While not an exhaustive list, the considerations described above help illustrate the
richness of the pervasive displays design space.

9.3 THE FUTURE

One might expect that the applications’ users wish to run on pervasive public displays
would have changed radically within the last 16 years. Regular desktop computers and,
especially, mobile devices have seen the emergence of entirely new classes of applications
that have transformed usage patterns. However, our experience is that the applications
conceived for public displays have shown remarkable resilience to change. Our first ever
attempt at a public display system showed a carousel of news and departmental events
which could be interrupted by personalised content when the presence of a user was
detected. This personalised content was almost always a tailored news and sports feed,
local weather updates and information on the user’s email (typically the new message
count).

It appears that despite radical change in many application areas, potential display
users are drawn to the same set of applications that were conceived over a decade ago. It
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is up to the designers of future pervasive display networks to harness the opportunities
presented by new technologies to innovate in this space and deliver true value to viewers.
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ABSTRACT

Large-scale digital signage systems are becoming increas-
ingly commonplace. Traditionally these systems broad-
cast adverts and information to passers-by. However,
since the earliest days of ubiquitous computing research-
ers have articulated an alternative vision in which dis-
play systems are used to deliver highly personalised in-
formation to mobile users. This shift from a simple
broadcast medium to a more personalised and interac-
tive system that spans mobile and xed system com-
ponents presents a number of signi cant architectural
design challenges. While previous research has focused
on understanding speci ¢ elements of the overall vision,
this work presents ANON, the rst signi cant attempt
at a comprehensive architecture that integrates future
pervasive display networks and mobile devices to sup-
port display personalisation.
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Digital signage, personalisation, privacy, architecture.

ACM Classification Keywords
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INTRODUCTION

Large-scale electronic displays are increasing ubiquitous
in public spaces. However, while deployments have pro-
gressed apace, the range of real-world applications and
usage models for such displays has remained relatively
conservative with a focus on advertising and simple in-
formation dissemination.

Our work is motivated by a vision of the future in which
public display networks act in tandem with personal
mobile devices to form an open, pervasive computing
infrastructure. As part of this vision we are particularly
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interested in how displays can be used to support con-
tent (both traditional signage content and interactive
applications) from a wide range of providers that is cus-
tomised for the preferences and needs of mobile users
surrounding the display. In everyday life many of us are
familiar with the desire to personalise displays around
us { perhaps to change the channel in a sports bar, to
highlight ight details that are relevant to us at an air-
port, or to augment our mobile device with more screen
real estate. Probably the most well known example of
this comes in the 2002 Im Minority Report in which the
characters are subject to personalised adverts as they
journey across the city. Indeed, just as the web has be-
come increasingly personalised it is hard to imagine that
displays will not follow this trend { o ering a wide range
of applications and content that is speci cally tailored
to the viewers in front of the display and that forms a
key element of a future pervasive infrastructure.

Personalised public displays are not a new idea and a
wide range of usage models have been proposed. In
Weiser’s classic article he describes the work of Theimer
and Nichols [21] who created a public display that \at-
tunes its public information to the people reading it".
More recently, researchers have created systems in which
mobile users could ask displays to show personalised in-
formation such as maps, public transit timetables and
daily menus from local lunch spots [6] or express their
allegiance to local soccer teams [11]. Similarly, appropri-
ating displays, e.g., as an external display to supplement
a user’s mobile device has also been proposed to support
medical experts [4]. What is still missing, however, is a
clear vision of how these parts could come together in a
comprehensive architecture designed to support display
personalisation under realistic constraints. We believe
that ANON isa rstsigni cant attempt to do so. In this
paper, we describe design issues, the ANON architecture
and its associated implementation considerations, and
present our early experiences with a working prototype.

THE NATURE OF DISPLAY PERSONALISATION

In our work we are concerned with supporting three
distinct types of personalisation. Perhaps the most well-
known form is when viewers passing by a single display
see content that is relevant to them (as exempli ed in the
Minority Report example). We term this usage model
walk-by personalisation. However, at least two other
important usage models exist. In longitudinal personali-



sation users may express a preference to see personalised
content and this is realised as an overall shift in the pro-
gramming for a given geographic area such as a campus
or shopping mall { typically over an extended period
of time. The aim of such a usage model is not to try
and ensure that any given display shows content for a
speci c user, but to try that, within a geographic region,
the content viewers see is more representative of their
interests than would be possible without personalisation.
Finally, we are also concerned with supporting active
personalisation in which users (inter-)actively engage
with a display system to control personalised applica-
tions on a nearby display, e.g. to extend a mobile phone
display for better manipulating complex data.

DESIGN GOALS

In developing ANON we aimed to build on the vision of
previous research and our own multi-year experiences of
developing display applications, to create a comprehen-
sive solution that addressed the following design goals:

1. Multiple usage models: Existing display personal-
isation systems typically target a single usage model
in which viewers passing by a single display see con-
tent that is relevant to them (walk-by personalisation).
Our aim is to design a system that supports a range
of personalisation models including longitudinal per-
sonalisation and active personalisation.

2. Multiple presence models: The di erent personal-
isation models have varied requirements in terms of
positional accuracy, and are likely to require di erent
location technologies and/or presence models. More-
over, existing research has shown that using a single
mechanism such as Bluetooth for detecting proxim-
ity to displays (i.e. user presence at a display) does
not work well in all situations [6]. We hence wish to
support a range of di erent technologies and models.

3. Viewer Privacy: Within the context of open public
display networks we can identify three broad areas
of privacy concern: disclosure through location track-
ing (e.g. cell phone tracking); disclosure through the
display of inappropriate or revealing content; and dis-
closure through interaction with the display infrastruc-
ture (i.e. to support personalisation). Our main aim
is to design a system that enables display personalisa-
tion while limiting disclosure of personally identi able
information (i.e. pro les) to the display infrastruc-
ture. We do not attempt to address location tracking
happening outside the signage system (see Krumm
[12] for an overview of options), but we do provide
suggestions to content display privacy.

4. Signage System Integration: There is a large in-
stalled base of signage systems. Any system to sup-
port personalisation should integrate with a range of
these systems and have a low barrier to adoption for
the creator of new signage systems. Demands on the
display system for additional hardware or software
should be kept to a minimum. In addition, the sys-
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tem should be able to scale to many displays, users
and applications.

ANON ARCHITECTURE

The rst key design decision underpinning our architec-
ture is to support personalisation by having displays
announce their capabilities for personalisation to mobile
devices { rather than achieving this through having mo-
bile devices broadcast preferences or through tracking of
personal identi ers. Our approach is in contrast to most
existing research in the area that has relied on users ei-
ther explicitly broadcasting preferences or requests (e.g.
[6]) or by being \observed" by displays (e.g. in [17]).

Display announcements tell mobile users which appli-
cations a display supports and specify the geographic
scope associated with the display, i.e. the area within
which mobile users should request personalised content
for the display. This is our second key design decision,
to decouple the statement of geographic scope from any
speci ¢ networking technology. In most previous sys-
tems proximity has been supported implicitly through
the use of low-range wireless communications such as
Bluetooth. In practice attempting to de ne appropriate
trigger zones using RF propagation is fraught with prob-
lems and encoding an explicit description of geographic
scope provides two important bene ts. Firstly, we can
0 er a much more exible means of specifying when a
user should trigger the personalisation of a display. This
is important as it allows, for example, trigger zones to
be speci ed that cause personalisation in advance of a
user being able to see a display { providing time for the
infrastructure to a ect the personalisation. The second
bene t is that by explicitly including scope information
we enable announcements to be collected and cached in
the form of maps of displays and their characteristics.

Our approach is inherently designed to provide a basic
level of scalability and user privacy { by default mobile
viewers leave no trace in the system and are not observ-
able by the infrastructure. Even regular users of the
system can enter a physical space and leave no trace
if they do not wish to interact with the system at that
speci ¢ point in time. However, viewers that do wish to
in uence content on displays must indicate this { raising
an obvious point at which privacy may be compromised.
Thus, our third decision is that users should indicate
their desire for content to be customised or for space on
a display to be appropriated directly to the (typically
cloud-based) applications that produce the content for
the display concerned and not to the display. In our
architecture there is no need for direct communication
between viewers and displays. This removes the need
for viewers to have any form of trust relationship with
displays that they encounter in their travels { all user
interactions are with the applications that they have
explicitly selected and with which we can assume they
have established trust relationships. This approach also
helps signage operators maintain network security as
they need not support access from arbitrary clients.



Our trust assumptions are thus as follows: we assume
users trust the providers of applications for which they
have signed up (e.g. Google). We assume users do
not necessarily trust the providers of displays (or more
generally: users don’t trust arbitrary third parties they
encounter in the wild). Finally, we assume that bona-

de display owners can establish trust relationships with
bona- de cloud-based applications that will provide dis-
plays with content. For example, Starbucks could choose
to trust personalised content being supplied by the BBC.
Note that we do not require users to trust any given ap-
plication with all of their data and there is no need for
continuous location tracking { rather when they wish to
have an application customise a display for them then
at that point they must disclose information to the ap-
plication in question. Once a viewer has informed an
application that they wish to have speci ¢ content on
a given display, the application communicates directly
with the display to schedule the content onto the display.

Capability Announcements

Our approach relies on reversing the existing trend for
viewers to broadcast their identity or preferences; in-
stead we require displays to announce their capabilities.
Capability announcements contain: a display URI, the
geographic scope of the display, a list of applications
(and associated parameters) that the display supports
and, nally, any additional data relevant to the display.
The display URI is passed by the viewer to applications
that they wish to access in order to identify the dis-
play that they wish to customise and the geographic
scope provides a method for mobile clients to determine
whether they are co-located with the display.

A di culty lies in determining an appropriate model
of location that works e ectively in all display environ-
ments. In our prototype we use a simple model in which
each display is assigned a geographic scope de ned in
terms of a circle sector. We believe this approach pro-
vides a reasonable compromise between an overly simple
model of a circular triggering zone centred around a dis-
play (which fails to capture, for example, the fact that
most displays are not visible from behind) and a com-
plex model in which displays can be associated with
multiple 3D trigger zones. Mobile devices can calculate
their containment within the sector using a combination
of any location technology and simple processing.

Capability announcements also provide details of sup-
ported applications in terms of resolvable URIs rather
than directly accessible URLs. This discourages client
software from simply \blindly" following links that a
display broadcasts { clients must instead have already
formed trust relationships with entities (e.g. applica-
tions or app-stores) that can resolve these URIs to ap-
propriate application addresses. In addition to URIs
for applications, capability announcements can also in-
clude details of any constraints on how the application
can be used or parameters that can be passed to the
application.
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Finally, capability announcements can also support a
small amount of additional data about the display. This
can be used by the display for a wide range of purposes
and may or may not be processed by client software.
For example, while non-personalizable displays need not
broadcast a capability announcement they could choose
to do so in order to provide clients with additional data
on content being displayed when a viewer passes by.

Distributing Announcements

Because capability announcements contain explicit geo-
graphic scoping information, mobile devices can obtain
these announcements though a range of mechanisms
rather than having to rely on a speci c wireless technol-
ogy to provide an implicit (and often inaccurate) scope.
Apart from having displays broadcast their capabilities
directly (e.g. via short-range wireless), announcements
may also be collected into display maps that contain de-
tails of collections of displays and their capabilities. If
display capabilities change relatively slowly, these maps
can then be cached and distributed to mobile devices
using a wide range of channels. This removes the need
for displays to have speci ¢ support for broadcasting
capabilities - they may instead rely on their capabilities
being listed in appropriate display maps that mobile
devices could, for example, download from well known
repositories which we term map providers.

Presence Tokens

While decoupling capability announcements from physi-
cal proximity o ers signi cant exibility, there are many
situations in which applications do wish to verify that
users are actually close to a physical display and thus
it is appropriate to respond to their requests. The aim
is to avoid, for example, a user sitting at home delib-
erately manipulating a display in a public space. In
our architecture, a display can verify a viewer’s location
through the use of presence tokens. Presence tokens are
temporary numeric identi ers, typically pseudo-random
numbers, that a display updates periodically (e.g. every
few minutes). Presence tokens may be combined with
capability advertisements or transmitted via a separate
(short-range) channel, such as Bluetooth, a dynamic
NFC tag, Infrared, or a number or QR-code shown on-
screen.

A client wishing to demonstrate its proximity to a par-
ticular display simply submits the presence token it just
received to an application. Applications can compare
such tokens with a dynamic list from the individual dis-
play. If the submitted token does not appear on the
list of recent tokens used, the application may treat the
request as not genuine and ignore it. Displays can also
request that applications pass on the tokens so that the
display can independently verify presence. Note that
the mechanism is not designed to provide high levels
of con dence in verifying presence. For example, the
system could be circumvented by a user that places a
mobile device close to a display and uses this device to
relay out the presence tokens. However, we believe that



in practice this type of attack will be relatively unlikely.

It may not be obvious, but in many practical cases pres-
ence tokens will not be necessary. Mass manipulation of
public displays will often be made infeasible by virtue
of each user generally having to register with the cloud-
based applications they are issuing requests to. Such
applications could trivially detect one of its users re-
questing local data simultaneously (or within seconds of
each other) on many displays and prevent this. Applica-
tions may also charge a (small) fee for each use or have
user-based quotas, thus making mass manipulation a
costly endeavour. Many displays will therefore not re-
quire any sort of additional hardware (e.g. Bluetooth) to
support local dissemination of proximity tokens. Indeed,
in many cases display owners may not even care whether
viewers are actually close to the display and fully leave
it up to applications to detect malicious behaviour { es-
pecially if the display is charging the application owner
for access to screen real-estate.

Application Requests

In ANON, cloud based applications receive requests
from mobile devices to personalise speci ¢ displays. In
addition to parameters passed to support personalisa-
tion, applications may require the mobile to present
authentication credentials to validate the request. If
an application decides to act upon the request it can
prepare appropriate content for the target display. Dis-
plays and applications can use a mixed-initiative model
for content exchange: while applications may contact
displays and explicitly request screen estate for their con-
tent, displays may also o er pieces of screen real estate
to individual applications for scheduling on a regular
basis. In this latter case ANON can be used to dynam-
ically ensure content for pre-scheduled slots is relevant
to viewers.

It is important to stress that applications may choose
to carry out signi cant aggregation and anonymization
of user requests. For example, user requests may simply
be used to weight the applications internal content se-
lection processes, or multiple requests may be combined
to provide composite output. This allows a display to
potentially handle a large number of concurrent user
requests.

Displays

In ANON displays are responsible for rendering content.
In practice of course applications may interact with prox-
ies representing multiple physical screens. Displays are
free to implement a range of scheduling algorithms that
dictate how they interleave scheduled content and user
requests. For example, they may choose to preempt
scheduled content for user items, or they may choose to
show both simultaneously by dividing the screen.

Walkthrough
To highlight how ANON works we now provide a brief
walkthrough as shown in Fig. 1. In the rst interaction
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Figure 1. System Walkthrough.

step, the mobile client obtains display announcements,
either directly from individual displays or, more likely,
from known map providers (1,2). In Step 2, the user
selects sets of applications that they wish to use for
personalisation (3). As the user moves (Step 3), their
mobile client monitors for entry into the trigger zone of a
display that supports one of the user’s applications. At
this point the mobile client makes a request to the cloud-
based applications the user has selected informing them
of the user’s entry into the trigger zone of a particular
display (4). The applications process these requests and
can then request screen real-estate from the associated
display (5). While the user remains in the trigger zone,
the client sends keep-alive messages to the applications.
When the user leaves the trigger zone the requests time
out and the personalisation ends.

PROTOTYPE

To validate our architecture we have created a prototype
consisting of a fully functioning mobile client running on
Android, several Web applications capable of delivering
personalised information and the key components of the
ANON architecture required to deliver this service on
a public display infrastructure. The system has been
tested in the context of an experimental digital signage
system consisting of approx. 25 large LCD displays in
prominent public spaces across a university campus and
has been demonstrated at a number of venues.

Android Mobile Client

Our mobile client allows users to control the personalisa-
tion of public displays. The central function of the client
is to maintain a list of applications to which the user
is subscribed and then, using its knowledge of displays
and their capabilities, trigger applications to respond
accordingly when the user is within range of a given
display. In order to avoid having to retro t our existing
display infrastructure with the capability to broadcast
announcements we have chosen to implement a map
provider that supplies the mobile client with a set of
capability announcements for our environment.
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Figure 2. Mobile App Ul. (a) Main screen. (b) Display
App detailed view. (c) Available screens for chosen App.

Users are able to view a list of available applications
and select those that they wish to enable [Fig. 2(a)].
For each enabled application the user can also use the
mobile client to set any parameters required by the appli-
cation (e.g. search terms or location of interest), these
are passed to the cloud-based application as required
[Fig. 2(b)]. A map of nearby public displays that sup-
port the selected display application can also be dis-
played, showing the user’s own position and the areas
around the displays that trigger an application request
when entered [Fig. 2(c)]. The mobile client can decide
to trigger a personalisation request in two ways:

Implicit triggering is based on location. Our proto-
type combines both GPS, WiFi and Bluetooth sensing
to trigger display application requests. We support
circular sector triggering areas with a variable radius
around displays. Both location tracking and Blue-
tooth scanning are run as a background service and
can be easily deactivated to conserve power.

Explicit triggering: Users can also explicitly re-
guest a public displays’ foreground for their applica-
tions by scanning a QR-code provided by the display.
Presence tokens are implemented using these display
generated QR-codes { in addition to the display URI,
a volatile presence token is encoded in the code which
is read by the mobile client and sent as a parameter
to the requested applications.

Display Player Component

We have created two examples of player components:
a web-based player that only requires a browser run in
kiosk mode, and a stand-alone Python-based player that
supports extended features such as content pre-fetching.
Both support the rendering of collections of arbitrary
content such as images and videos, along with the ability
to invoke and render remote web applications.

Our prototype uses a simple scheduling model in which
user requested (i.e. personalised) content has a higher
priority than scheduled content. Requests from multiple
applications triggered by di erent users near the same
display are handled by dynamically tiling the screen into
equally sized rectangular parts. Obviously this approach
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only works for a limited number of concurrent applica-
tions and is dependant on factors such as the screen
size or distance of the screen to the viewers. However,
one advantage of our approach is that not all concur-
rency support must be provided within the display node
{ when multiple users make requests to the same App it
is possible that the application itself is able to aggregate
these requests into a single page prior to display.

Applications
We have created a series of Apps to demonstrate the
potential of the ANON approach. These include:

personalised news Many public displays are used to
show news stories. This App enables viewers to ex-
press search terms that are used to Iter news stories {
helping to ensure the relevance of information shown.

weather Similar to the news App, the weather App
enables viewers to express preferences for the speci ¢
locations about which weather information is shown.

clock The emergence of cell-phones saw a decline in the
use of the wrist-watch. However, recent research (e.g.
[9]) suggests that users now have renewed interest in
ambient time displays. This App enables users to
request that local and at least one additional time-
zone is displayed when they pass a display.

remote desktop We enable users to connect to a re-
mote virtual machine. This could be brought up im-
plicitly but we anticipate in most cases users will re-
guest this type of display explicitly, somewhat akin
to the idea of teleporting rst described in [2].

music Our music App enables viewers to register inter-
est in particular genres of music. This App is targeted
at venues where public displays are primarily used to
display music videos (e.g. many bars and clubs). The
App does not initiate any speci ¢ video in response to
a request from the user { rather it aggregates requests
to shift the balance of the music over time.

All of our Apps are built using a common design pattern.
They support two distinct interfaces: (1) a Display In-
terface (DI) that is accessed by public displays and that
presents App content in a format suited to the known
resolution of the display, and (2) a Request Interface
(R1) that allows mobile devices to submit requests for a
display to be personalised.

For example, in the clock App the RI receives requests
from the mobile client that include a user identi er (op-
tional, illustrates how services can support user identi-

cation or authentication), an identi er for the display
upon which the time should be shown and a textual
description of the location of interest that has been en-
tered by the user on their mobile device (e.g. ‘Seattle,
WA, USA"). The clock App uses Google Maps’ geocode
services to resolve the textual names into appropriate
locations and timezones that are then passed to a set



of HTMLS5 widgets® which are then arranged for subse-
quent presentation on the public display.

Figure 3. Use of the Prototype Clock App

Through the DI, the clock App provides displays with a
feed of times for a range of locations. The App uses three
sources of information to determine which locations to
display information for: the display’s own location (i.e.
the local time for the display), any user-generated time
requests (i.e., submitted by users through their mobile
devices), and a number of randomly-generated requests.
The App supplies to the display a page that comprises
the local time plus two other times [Fig. 3]. At the
display it is possible to identify the local time, but the
user-generated and randomly-generated requests are in-
distinguishable. This is an example of how Apps can
support \plausible deniability," i.e. helping viewers hide
the fact that they are responsible for speci ¢ content.

EXPERIMENTS

Performance Measurements

It many cases it is important that personalisation of
public displays can be achieved in a timely fashion. In
the most demanding use case of walk-by personalisation
there is only a small time window during which it makes
sense to display information directed to a speci c user.
In ANON the elapsed time from the moment a mobile
client enters a display’s triggering area to the moment
the display changes can be divided into 3 components:
1. The time it takes a mobile client to detect that it is
within a display’s triggering range and to determine
which applications it needs to contact.

. The time it takes for a mobile device to request an
application though a GPRS/3G or WiFi connection.

Ihttp://www.clocklink.com/
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3. The time a cloud-based application needs to recognise
the user request and to initiate a corresponding change
in the public display.

The rst component will vary signi cantly with update
frequency of the location technology. Our measurements
use one or more of the following location technologies:
GPS, WiFi and Bluetooth sightings. In all cases we use
the best available update rate available ( 1 second for
GPS, 5 seconds for Bluetooth and variable for WiFi).

We acknowledge that continuous, fast, sample rates are
not a practical solution within the constrains of a mo-
bile device: in future work this rate may be dynamically
altered based on factors such as the usage model desired
or previous readings and the known display con gura-
tion retrieved from the map provider (e.g. increasing
the sampling rate when a user enters an area densely
populated with displays).

We instrumented our system to measure the remaining
two components (Table 1). Our set-up is atypical in the
sense that the application and display are located within
the same campus network. Our prototype uses a player-
component that polls a Web server every 3 seconds for
changes to the page, rather than using a persistent con-
nection. Using a persistent connection would result in a
signi cant decrease in step (3) which is currently dom-
inated by the polling interval. Almost half the total
delay is due to the latency of the 3G communication
between the mobile device and the application server.

Mean [s] | Median [s] [s]
2) Mobile to App server 1.96 1.70 0.99
3) App server to Display 2.35 2.22 0.19

[ Sum [ 431 ] 4.13 [ 1.18 ]

Table 1. Propagation times of a display foreground re-
quest calculated from 20 measurements

Table 1 raises the question of the minimal triggering ra-
dius required to ensure a display changes when a viewer
passes by. Assuming an average walking pace of 1.39
metres per second ( 3 miles per hour) and our mea-
sured propagation times (mean values) the theoretical
minimum radius around a display for our prototype is
7:39 1.64metres.

Practical Tests

Overview

We have access to a large-scale campus deployment of
public displays. In order to understand how ANON per-
forms in practical situations we deployed the system on
two representative displays and conducted a series of
walk-by tests to determine the extent to which ANON
could support e ective personalisation. Our objective
was not to provide a comprehensive performance evalua-
tion { the \in-the-wild" nature of our experiments mean
that numerous factors a ect performance (e.g. display
con guration, network and location technology availabil-
ity, mobile device and user characteristics), rather we



wished to capture gures to provide insight into how
ANON performs in a speci ¢ real-world deployment.

Site Selection

For the trials we selected two locations that are typi-
cal within our public display deployment. Location A
[Figure 4(a)] is a display mounted in a glass fronted
foyer facing a large plaza. Location B [Figure (b)] fea-
tures two screens mounted in a busy thoroughfare on
the ground oor of a building.

|
Walking path

(a) Location A: (left) map view and triggering sector,
(right) situation photo.

Walking path

(b) Location B: (left) map view and triggering sector,
(right) situation photo.

Figure 4. Our two trial locations.

Methodology

For each location we initially selected a default geo-
graphic scope (triggering radius) of 15m and set the
angles to re ect a best-guess at the appropriate trigger
zone. This correlated well to the viewing area in loca-
tion A but was substantially larger than the viewing area
in location B. For each location we then selected two
of the most common walking paths that went past the
display. Each path started well outside the triggering
zone, passed by the display, and continued on beyond
the trigger zone. The mobile client was set to request a
speci ¢ content item, 10 seconds in duration, when the
user was within the trigger zone. If the user was still
within the zone at the end of the content item then the
content was reshown.

We then conducted a series of walking tests following
these paths and using GPS, Wi and Bluetooth, rstin
isolation and then together, to determine viewer location
relative to the display. One researcher acted as a poten-
tial viewer and followed the prescribed paths. A second
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researcher recorded the time the viewer entered and left
the potential viewing area for the display (note that the
viewing area is distinct from the triggering zone) and
the time the content appeared and disappeared from the
display in question. We then increased the angle of the
sector by 30 degrees and the size of the trigger zone from
15m to 24m and repeated the walking tests. This size
increase of 9m corresponds to the time taken to trigger
content according to our lab-based measurements.

For each path, location, triggering radius and sensing
technique, three walking tests were performed, resulting
in a total of 84 walks along the paths (Bluetooth is in-
dependent of the map triggering sectors, hence reducing
the number of experiments).

Results

From the timings we calculate two measures of the e ec-
tiveness of our system, i.e. content exposure and content
accuracy. Content exposure is the percentage of time
that the content was shown on the display while the
viewer was within range and characterises the e ective-
ness of the system at showing content to the viewer.
Content accuracy is the percentage of time that the con-
tent could have been seen by the viewer relative to the
total amount of time that the content was shown. For
example, a system that continuously showed a single
content item for a target user irrespective of whether
they were present would have a high content exposure
but low accuracy.

Table 2 shows the results of our experiments. We note
that in almost all cases ANON was able to achieve non-
zero exposure { i.e. the system was able to show per-
sonalised content that could be seen by the intended
recipient as they passed by. We also achieved reason-
able accuracy { in the best cases an average of 65% of
the time that the content was on the screen the intended
viewer was also within the viewing area of the screen. In
all cases, the use of a combination of location technolo-
gies provided for better results than the use of any single
location technology on its own. This is particularly no-
ticeable in the case of Loc A (15m) where individually
none of the technologies were able to provide a high
level of exposure.

As expected, increasing the size of the trigger zone in-
creases the exposure achieved { intuitively this is obvious
as it increases the likelihood of having the content on
the screen before the viewer leaves the viewing area. In-
creasing the size of the trigger zone might be expected to
always decrease the accuracy. However, as our measure-
ments show this is not always the case. We attribute
this to the fact that by increasing the size of the trigger
zone we increase the probability that the content will
start to be shown when the viewer has recently entered
the viewing area. In most cases this means that the con-
tent will nish shortly after the viewer leaves the zone
(recall that content is of a xed duration). For smaller
trigger zones there is an increased probability that the



Trigger .
Bluetooth Zone GPS Wi All
: 5m 0.2/026 | 00700 | 0.38/0.35
Location A || 0.21/0.34 24m 0.25/0.16 | 0.83/0.44 | 0.89/0.64
- 5m 0.01/0.01 | 0.35/0.5 | 0.7470.63
Loation B || 0.58/0.51 24m 0.6470.65 | 0.53/0.54 | 0.98/0.26

Table 2. Mean Exposure/accuracy analysis for each deployment and location technology

content will appear just as the viewer is leaving the view-
ing area { negatively impacting both the exposure and
accuracy. We believe that showing content for a xed
minimum duration is an important feature of a signage
system { without this constraint it may appear to view-
ers as though content appears and disappears almost at
random before they have time to nish viewing it. This
is particularly the case for viewers of the sighage system
who are not actively personalising the display { for this
type of viewer the results should still be an aesthetically
pleasing set of outputs.

Overall we are encouraged by the results of our measure-
ments in the eld. They show that for two representative
displays in a real-world testbed we are able to have a
high degree of con dence that we can personalise con-
tent in response to a viewer’s presence (i.e. exposure is
> (0) while maintaining accuracy levels in excess of 50%.

ANALYSIS: DESIGN GOALS REVISITED

Multiple usage models

We have shown through the creation of multiple di erent
types of application that our system can support a range
of personalisation scenarios. The news, weather and
clock applications are all designed to support walk-by
personalisation in which the user is hoping to see this
content when they pass by the display. In contrast,
the remote desktop application provides an example of
active personalisation is which the user wishes to engage
with a speci ¢ application and is triggering this on a
display. Finally, the music player application provides
an example of longitudinal personalisation in which the
preferences of users in a space are re ected over time.

Multiple presence models

There are two distinct elements of presence detection.
Our prototype has shown how we can use multiple dif-
ferent technologies to detect presence in order to trigger
display adaption. For most of our applications we do
not require any validation of the user’s position - in
other words it is possible for a user to \spoof* their loca-
tion. However, we are able to use QR codes as a simple
presence token and it is possible for cloud applications
to verify presence by checking that an appropriate QR
code has been scanned. More work is required to demon-
strate the use of short-range wireless technologies as an
alternative form of presence token.

Viewer Privacy

Our current implementation provides a rst step towards
preserving privacy { by routing display requests through
applications we not only hide the user’s identity from
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the displays in the environment, but also provide an op-
portunity for applications to aggregate data requests or
introduce random content to help o er viewers plausible
deniability. However, further improvements are possible,
if not necessary. Since each personalisation request to
an application always includes one or more display loca-
tions, an application provider could track every service
invocation and thus obtain movement data relating to
their customers. To counter this, three extensions to
our ANON architecture would be required:

1. User proxy: Personalisation requests could be routed
to a trusted user proxy running, e.g., on the user’s own
hardware. The proxy can then strip out the display
information and forward the personalisation request
to the app server. Instead of controlling the display
directly, the app server could now respond with raw
data. The proxy is then free to forward this reply
to the display, where an app-speci ¢ \rendering com-
ponent" (see below) could aggregate incoming data
streams and create the nal display. Proxies could
use network anonymization techniques such as onion
routing (cf. [20]) to hide their location and identity to-
wards displays { they might still need to authenticate
the user with the application server.

. App rendering component: If we assume a proxy-based
architecture, the rendering of aggregated personalised
information needs to be done at each individual dis-
play. For this the owner has to install an app-speci ¢
rendering component on their display. This compo-
nent is then able to integrate concurrent personalisa-
tion request from multiple user proxies. In order to en-
sure that only authentic application data is shown, the
rendering component would only accept data that has
been signed by the corresponding application server.
At the same time, rendering components would need
to be certi ed (e.g. by an app store vetting process)
to avoid them using a simple timing attack to uncover
the identity of a user behind such an anonymous per-
sonalisation request (by comparing incoming person-
alisation requests with the outgoing data from the
application server).

. Trusted display hardware: In an extreme case display
owners interested in obtaining user movement pro les
could collude with individual application servers and
perform the above-mentioned timing attack, based on
network activity to and from the display. To counter
such an attack, ANON would need to run on trusted
computing hardware to prevent code tampering by
the display owner.



While the above components will ensure that no user
movement pro les can be generated by both the applica-
tion server and the display owner, even if they collude,
the cost of implementing such a system might not be
economically viable and seems excessive given typical
consumer trust models and the nature of the application
domain. A much more reasonable solution would instead
be a regulative approach that would legally require ap-
plication providers to not record movement data from
their users, or only use it to improve the application
service itself, assuming prior customer consent.

Signage System Integration

We recognise that there is a very large installed base
of signage systems. Our architecture enables personal-
isation to be added to these existing systems without
(in most cases) requiring any changes to the underly-
ing hardware and software. In particular, if a signage
system is able to display content from one or more appli-
cations in real time then it is possible for personalisation
to be provided with no changes to the signage system at
all. In this case the capabilities of the displays could be
speci ed statically, with an unchanging presence token
and this information disseminated to potential viewers
using existing distribution channels (recall that it is not
critical from where mobile users obtain display capabil-
ity announcements). All communication with viewers
would be via the application itself and this would adjust
the content appropriately. The scheduling, presenta-
tion and management components of the display system
would not require any modi cations. Similarly, because
the system would not support local transmission of pres-
ence tokens no changes to the display hardware would be
required. If presence enforcement was required then this
could be achieved by generating presence tokens in the
form of QR codes that could be shown alongside content
on the public display. This ability to provide personali-
sation without necessitating signi cant changes to the
installed signage base is an important characteristic of
our architecture.

In terms of mobile device requirements, our architecture
requires mobile users interested in personalising displays
to make appropriate requests to applications running on
nearby displays. As we have shown, one possible imple-
mentation is that this is carried out on a user’s mobile
device using a small custom application that accesses the
user’s location, obtains appropriate capability announce-
ments and makes application requests accordingly. As
an alternative to installing an appropriate application
onto their mobile device, the same functionality could
be provided a third party, for example through use of
an appropriate cloud-based source of user location data.
With the increasing emergence of location sharing ser-
vices (e.g. Google Latitude) it is entirely possible that
such sources exist. In these cases all of the processing
could be carried out within the cloud and the user could
bene t from display personalisation without the need for
any additional mobile device software. The user would
have a trust relationship with a particular location shar-
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ing provider, allowing it to query the available displays
in the region on their behalf. Location sharing providers
might in turn act as a POI cache, as described by Amini
et al.[1].

RELATED WORK

A number of projects have explored user-speci ¢ dis-
play customisation. FLUMP [8], personalised display
content (e.g. unread mail messages) to passers-by iden-
ti ed using an Active Badge system. GroupCast and
UniCast [14], also used infrared badges to identify users
near a display and display content that re ected view-
ers’ interests. More recently, numerous projects have
achieved display personalisation through use of mobile
phones InstantPlaces [10] allowed multiple simultane-
ous users to send pictures to a portion of the display
allocated to their device; e-Campus [6] allowed a single
user to take control of the display for one of a number
of prede ned applications; BlueTone [7] also allowed a
single user to launch one of a prede ned list of applica-
tions; once launched, users could send interaction events
to their application using the keypad on their mobile
phone. Muller and Kruger [15] used Bluetooth signals
from mobile phones to estimate paths people take be-
tween displays in order to coordinate content between
displays.

In each of these systems a single networking technol-
ogy was employed and users had to explicitly broadcast
content or preferences to the display, potentially reveal-
ing personal information to both the infrastructure and
potentially other passers-by. Strohbach et al. [19] ad-
dressed this issue by using Bluetooth pings to contact
only registered devices, avoiding the need for broadcast
communications. In ANON, we provide an alternative
method for supporting privacy-preserving display per-
sonalisation: displays have their location and personali-
sation capabilities registered in a public directory, which
mobile clients can peruse to speci cally target the per-
sonalisation of a particular display.

The idea of using broadcasts to improve user privacy is
not new. Langheinrich [13] proposed pawS, a beacon-
based approach to disseminate data collection and pro-
cessing within a smart environment. Earlier, Rhodes et
al. [16] suggested the use of wearable technology to allow
private personalisation in context{aware environments.
To the best of our knowledge, however, our work is the

rst to provide a comprehensive architecture based on
this concept for personalising public displays.

Previous work has also suggested the use of personal
mobile devices as private \co-displays" to display sensi-
tive information that has been blurred on a larger public
display [18, 3] whilst others have used aggregation to pro-
tect individual privacy [5]. In our work, we speci cally
focus on scenarios that involve non-sensitive information
(i.e. suitable for public display) and thus assume that
plausible deniability (as provided, e.g. by aggregation)
issu cient to protect the actual interests of users. How-



ever, we can also directly support co-display solutions,
as the architecture supports the tight coupling of display
content and a user’s mobile phone.

CONCLUSIONS

We believe that future public display networks will tailor
their output to match the interests of mobile users, or
provide mechanisms by which viewers can appropriate
displays for their own purposes { mirroring early work
by Weiser on Liveboards. Indeed, it is di cult to en-
visage a future in which public displays remain \dumb"
broadcast channels, instead of following the clear trend
towards personalised experiences, as seen in the Web.

Our contribution is the ANON architecture, the rst
detailed attempt to provide an architecture that inte-
grates future display networks and mobile devices while
addressing a wide range of design goals. Our proposed
architecture supports multiple personalisation models
and can be integrated with existing signage systems. It
enables personalisation while preserving viewer privacy
and capitalises on user’s existing trust relationships.

Experiments in a practical setting suggest that ANON
can be used to e ectively personalise displays in the most
demanding usage model, i.e. walk-by personalisation, by
using a combination of location technologies and preset
triggering zones. Future work will need to investigate
actual user behaviour in a longer-term deployment, in
particular with respect to our trust assumptions.
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ABSTRACT

In their influential book “Public space” Carr et al. describe essen-
tial human needs that public spaces fulfill: (1) passive engagement
with the environment, where we observe what others are doing;
(2) active engagement through intellectual challenges posed by the
space, or through engagement with the people in it; and (3) ex-
citement of novel discoveries within the space. An often un-
derused resource in public spaces — public displays — can be used
to stimulate these needs. In this paper we argue for a new research
direction that explores how public displays can stimulate such
essential needs in public spaces. We describe and conceptualize
related processes that occur around public displays, based on in-
depth observations of people interacting with a publicly fielded
display application in a city center. Our conceptualization is meant
to lay the foundations for designing engaging public display sys-
tems that stimulate PACD, and for supporting the analysis of ex-
isting deployments.

Categories and Subject Descriptors

H.4.3. Communications Applications; H.5.2. [User Interfaces]:
User-centered design; H.5.3. [Group and Organization Interfaces]:
Theory and Models;

General Terms
Design.

Keywords
Public space, public displays, community interaction, identity
cognition, urban computing, urban informatics.

1. INTRODUCTION

Public spaces are a common setting in our everyday life: we walk
on the streets on our way to work or school, we meet friends in the
city center to browse around the stores and chat, or we take a walk
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in the park to relax. Carr et al. [3] describe five core human needs
that influence the appeal a certain public space has on us. As hu-
man beings we seek 1) comfort, 2) relaxation, 3) passive engage-
ment, 4) active engagement, and 5) discovery in public space.
‘Comfort’ relates to our requirement for food, drink, shelter, or a
place to rest. ‘Relaxation’ reflects our need to put our body and
mind at ease, e.g., by sitting on a park bench. The two, comfort
and relaxation, usually refer to physical properties of the setting,
e.g., the number of food sources in the park or the quality of
benches. ‘Passive engagement’ is similar to relaxation, yet while
relaxation can be seen as drifting away and disengaging from the
environment, passive engagement relaxes people by letting them
observe what other people do. ‘Active engagement’ on the other
hand represents our need for encountering intellectual and/or
physical challenges in a space. An example could be conversations
with both friends and strangers that are triggered by unusual fea-
tures or events in a space — an effect known as “social triangula-
tion” [41]. Finally, ‘discovery’ represents the desire for stimula-
tion and delight that one experiences through new encounters.
Even familiar places can lead to novel discoveries, either by peo-
ple adding new values and ideas to it (like books or thoughts) or
by having the place itself offer stimuli that “enable the users’ in-
terest to endure” [3].

One of the proliferating resources in urban spaces — public dis-
plays — can be used to enrich the environment and stimulate hu-
man needs. The significant price drops in large LCD panels have
led to a massive expansion of digital public displays in public
spaces, yet their predominant use as simple slide presenter or vid-
eo player has seen dwindling “eyeballs” and led to display blind-
ness [10, 26] — an effect describing the fact that viewers ignore
much, if not most, of such animated advertising. However, public
displays could be running applications that nourish passive en-
gagement, active engagement, and discovery (abbreviated PACD
from now on), i.e., human needs in urban spaces. This way they
would make a more stimulating participant within the urban envi-
ronment, one tailored for its users [20, 21, 22].

As comfort and relaxation usually refer to physical properties of
the space, we decided to focus our investigation on using public
display to stimulate passive engagement, active engagement, and
discovery. In order to understand how public displays could foster
PACD, we built FunSquare [19] and deployed it on an existing
city-wide public display installation in the city of Oulu, Finland, a
city with over 140’000 inhabitants. We then observed the interac-
tion of more than 50 passers-by with FunSquare in two distinct
city locations over two days, and interviewed 37 of them in order



to better understand their behavior. Based on these findings we
developed a model that describes the spatial and relational pro-
cesses involving passive engagement, active engagement, and
discovery. We call this the PACD model.

The contribution of this paper is thus twofold:

« We provide inspiration for a novel line of investigation in pub-
lic display research by advocating the use of public displays for
stimulating passive engagement, active engagement, and dis-
covery (PACD). PACD displays would be oriented towards
human needs in public space (as defined by Carr et al. [3]). This
would make them a stimulating participant within the urban en-
vironment, which in turn would lead to more appealing public
spaces. Note that in the context of public displays, Carr et al.’s
concept of “engagement” thus also includes engagement with
the environment in general, and in particular with interactive
public displays.

» We describe and conceptualize processes that constitute passive
engagement, active engagement, and discovery with the help of
public displays — the PACD model. The model is based on our
own observations of people engaging with and around
FunSquare over two days at two locations in a city center. The
conceptualization can help designers in creating public display
applications that nurture PACD. It can also be used for the
analysis of existing deployments in order to describe if and how
they stimulate PACD.

We will begin by analyzing related work on public displays in
urban/public spaces. We then describe the FunSquare application,
the study setting, and our data collection process. After that we
summarize our observations and describe the processes that sur-
round PACD displays. We then present a conceptualization of the
processes and describe phases in coordination and engagement for
PACD. After contrasting our conceptualization with current en-
gagement models, we discuss implications for design and devel-
opment of public display applications that stimulate PACD. Final-
ly we present concluding remarks.

2. RELATED WORK

There have been a large number of in-the-wild studies on public
displays in urban/public settings. While some of the work in this
area has focused on describing the underlying technical architec-
ture of public display systems [7, 29], a large body of research has
described how public displays can be used for community purpos-
es [1, 17, 18, 31, 37] and civic engagement [9, 13, 34]. Research-
ers have also investigated the potential of public displays for sup-
porting social interaction [25, 32, 33, 36], and more specifically
their connection with Goffman’s theory [8] on how people social-
ize in public spaces [14, 18].

At a finer level of granularity, prior work has also looked at en-
gagement with public displays [4, 5, 11, 16, 28, 30, 38]. Work in
this area looked at how people notice interactivity of a display
[28]; how to map interaction techniques onto very large public
screens, e.g., media facades [5]; at the interplay between the cul-
tural, physical, content-related, and social aspects of engagement
[4]; at designing for walk-up-and-use of displays [11, 16, 30]; and
at public display game design [6, 38].

Last but not least, researchers have developed coordination and
engagement models of user behavior around public displays. They
go from theoretical [39] and ideal [6] to empirical [2, 24], and
focus on: advertising, i.e., providing advertisers a measure of how
successful their content/application is [24]; behavior that leads to
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overcoming social embarrassment when interacting with public
displays in public spaces [2]; display content appropriation de-
pending on users vicinity to it [39]; and ideal user coordination
around public displays leading to engagement with it [6].

Our work lies mostly at the intersection of public display engage-
ment and coordination models, yet offers a novel focus (human
needs in public space). More specifically we investigate the possi-
bility of public displays to enrich public spaces according to Carr
et al.’s notion of human needs in public spaces, i.e., passive en-
gagement, active engagement, and discovery. After we present our
conceptualization below, we will also contrast it with existing
models.

3. FUNSQUARE ARCHITECTURE

FunSquare [19] is a public display application that creates self-
generative content. Self-generative content is made by matching
dynamic information sensed within the display environment, e.g.,
the number of people in the space or the current wind speed, with
static information from without the display environment, e.g., the
population of Pitcairn Islands or the speed of a dragon-fly. Some
examples are illustrated below.

e The population of Pitcairn Island (50) is only five times more
than the average number of people around the display today
(10).

e The speed of a dragonfly (97 km/h) is more than 4 times the
current wind speed in the city (23 km/h).

¢ The number of manufactured mobile phones every second (27)
is almost the same as the average number of visible Bluetooth
devices today (26).

By having information that describes the environment combined
with information coming from outside the setting, we were aiming
to create an interesting and provocative ‘fun fact’ that would pro-
vide an intellectual chalenge in the environment. This challenge
would invite people to engage actively with the environment
through the display, potentially sparking the effect of social trian-
gulation, i.e., spontaneous interaction with others [41].

i \ ';
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Figure 1 - An example of a dynamically created "*fun fact"

FunSquare screenshot is shown in Figure 1. Fun facts are present-
ed with an opening statement ‘Did you know that...” shown in the
upper left hand corner of the screen. Next to a fun fact, four but-
tons allow passers-by to 1) request a new fun fact (‘+’ button); 2)
give feedback on a fun fact (‘thumb up’ and ‘thumb down’ but-
tons); or 3) to leave a comment (‘comment’ button). Each fun fact
is displayed for thirty seconds with the remaining time indicated
by a timer in the bottom right hand corner. In the upper right hand
corner there is a QR code that allows users to download a fun fact



onto their smart phone in order to “bookmark it” and/or share it
with others.

We want to note that in our previous publication [19] we described
the system architecture that creates self-generative content in more
details as well as user experience with it in two contexts, i.e., in
the context where information is simply presented in a screen-
saver fashion as in Figure 1, and in the context of a game where
users have to match the two pieces of information. On the other
hand, in this paper we go broader, i.e., outside system architecture
and user experience with content itself, and focus on coordination
and engagement for PACD, i.e., passive engagement, active en-
gagement, and discovery.

4. DATA COLLECTION

We deployed FunSquare on two large (57”) interactive public
displays in Oulu, Finalnd, to observe and gain an understanding of
the social dynamics surrounding public displays that focus on
stimulating PACD.

As location plays a crucial role in evaluating any application on
public displays [27], we identified several candidate locations for
testing FunSquare in downtown Oulu before the deployment.
From these, we chose two venues that we deemed as the most
promising: the central market square and the main library (cf.
Figure 2). These are pivotal locations in downtown Oulu, where
people often come to spend their spare time and relax, thus being
more open for spontaneous encounters, which FunSquare aims to
cultivate. More importantly, the displays at the two locations had
already been equipped with interactive public displays for more
than two years, thus eliminating the novelty bias that would inevi-
tably occur when deploying new large public displays. All infor-
mation in the FunSquare’s content was available in English and
Finnish language. A button in the Ul showing the other language’s
national flag allowed switching between the two.

One of our goals was to observe the potential of large public dis-
plays for PACD ‘in the wild’, i.e., in public spaces that accommo-
date a diverse range of people. The display in the market square is
situated next to a statue representing an important cultural asset of
Oulu, thus attracting a variety of people ranging from locals to
tourists. Similarly, the main library features, among others, a free
reading hall, public computers, audio books for children, auditori-
ums, cafeteria, etc., thus attracting a diverse audience as well. In
the library, the display is located next to the only staircase leading
to the upper floor and therefore has the potential to catch the atten-
tion of a number of visitors. We believe that these two locations
were a good match for FunSquare and its intended use — both so-
cially and spatially.

Figure 2 - From left: Interactive public displays installed in a
central market square and in a main library (Oulu, Finland).

FunSquare was evaluated on two consecutive days at the above-
mentioned locations, i.e., the market square and the main library.
Evaluation was conducted right after FunSquare was deployed. A
longer deployment, i.e., more than two days, or alternatively mul-
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tiple short ones, were not possible because public display system
in Oulu runs commercial digital signage (advertisement) that cre-
ates revenue for their maintenance. This created a two-days-only
constraint when FunSquare could be deployed.

During the observation we took notes and photos, and performed
walk-up interviews in order to collect qualitative feedback. At
least two researchers were present in both locations at all times.
Observations were performed unobtrusively from “hideouts” (e.g.,
a nearby café on the market square or a visitor sofa in the library)
in order to avoid any Hawthorne effect [15], a common issue in
this type of user tests where users modify their behavior in re-
sponse to the fact that they know they are being monitored. After
people had “used” FunSquare and were leaving the vicinity of a
display, one researcher approached them to ask for a brief semi-
structured interview, which focused on assessing the experience
with the FunSquare application. Additionally, we also tried to
eavesdrop on discussions around the display and paid particular
attention to the spontaneous reactions occurring around FunSquare
and its use. No video or audio recordings were used for these ob-
servations.

5. FINDINGS

During our 18+ hours of observations, roughly 130 people read at
least one fact. In the following, we will link our findings to the
individual interviews using codes referring to the individual inter-
view transcripts. The first |etter indicates the location (L-library/T-
market), the second the type of observation (I-interview/C-
eavesdropped comment), followed by a consecutive number.

People read facts alone, in pairs, or in bigger groups, usualy fami-
lies (cf. Figure 3). Most of the interviewed people described the
facts as ‘nice’, ‘funny’, and/or ‘interesting’ (L11, LI2, LC1, LI3,
LI6, L17, LI19, L112-18, TI3-5, TI8). Some people thought of the
fun facts as ‘unnecessary information’ or ‘information snippets
(L13, LI7) while others thought of them as questions (L19, TI2,
T19). After reading a number of facts for the first time, some peo-
ple came back to read more, e.g., L112:

LI112: ‘If my parking meter would not run out of money |
would not |eave these premises the whole day.’

Figure 3 - Interactions: single, pairs, or groups

People stated they ‘learned something new’ (LI1) and said it was
“fun to play while waiting’ for family members or friends (LI3,
LI5, LI12, LI14, L116). Some people said that they would share
the newly gained information with people they know, e.g., family
members, friends, and/or acquaintances (LI1, LI3, LI5, LI16, LI17,
LI9, LI11, LI17, TI3, TI19). Some people went even further and
explicitly said that this type of information would be very useful
in schools (LI7, LI9, LI112, L113, LI15).

5.1 Passive Engagement

We noticed that some people interacted only briefly with the dis-
play: some people read one fun fact and immediately left (42),
some were reading the facts while engaged in other activities such
as talking on a cell phone (3), while others were more comfortable



with reading the fun facts from a distance (7). We call these brief
reading sessions read’n’go interactions, as most of them were
short and involved reading only a single fun fact: once the display
changed to the next fact, people moved on as well. In several cas-
es, people simply observed from afar others interacting with the
display. Because these observations were relatively short as well,
we group both read’n’go interaction and observations into what
we call glimpse interactions.

While some people read one fact and left the display premises,
others stop-read. By ‘stop-read’ we mean that they were on their
way to pass a display, but once the facts caught their attention they
slowed down and stopped to read (cf. Figure 4). This was most
prominently observed at the library due to the display’s location,
i.e., on the ground floor next to the only staircase leading to the
upper floors (cf. Figure 2 right). Some people would only slow
down to read a fact, some would actually stop next to the display
to finish reading, while others would even come back to read one
or more facts after initially deciding to take the stairs. Overall we
observed almost the same percentage of stop-reads at the library
(33/99) as at the market square (6/20). One interesting thing to
note is that we also had 2 instances where people who did neither
speak Finnish nor English, yet still stopped to check out the appli-
cation.

Figure 4 - 'Stop-read" at a) library b) market square

In some cases people touched the display out of curiosity to see
what happens (7), engaging in a couple of button presses. We call
these short interaction sessions curiosity interactions. Similarly to
stop-reads, people were on their way to pass a display when they
disengaged from the activity and engaged with the display. Be-
cause of this, we group curiosity interactions and stop-reads into
what we call immersive interaction.

5.2 Active Engagement

In several cases we observed people reading two or more fun facts
consecutively (10). The reading sessions were significantly longer
than for both glimpse and immersive interaction and we call them
active reading. In some cases (12) people started interacting with
the display after reading one or several facts. Since these sessions
involved interaction after reading we call them read’n’interact. In
cases where we were able to interview such users they described
the content as ‘interesting’ or ‘of one’s interest’ (LI1, L17, LI14),
“funny’ (LI3, LI115, LI16), or ‘puzzling’ (L110), which we believe
were the reasons for longer reading sessions. In one particular case
where we were able to eavesdrop on the conversation after a long-
er reading session we discovered that it did start social interaction
between family members.

LC2: ‘It’s not true that all muffins cost 2 Euros!” [Mom
commenting to her daughter on a fun-fact “The number
of people in front of a display (2) is the same as an av-
erage price of a muffin in Euros (2)”]

There were also some cases where the displayed content started
social interaction (social triangulation) due to the need for extra
explanation of the information presented (L110, T17, TI9) or inter-
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est in the topic (L112). In one particular case (T17) the session was
not characterized as active reading but the content itself sparked
the conversation. In other cases people were delighted with the
presented content and were laughing (L118, TI8, TI9), while in
others they were intrigued with it and discussed it with people in
their vicinity (LC2).

LI10: ‘How can you put together two facts that have
nothing to do with each other?’

TI7: [came back to the interviewer to ask]‘Is this really
true? Are these facts real?’

In several cases we observed that people stopped to read a fact
while others were engaged with the display, thus creating the op-
portunity for the effect of triangulation. One such instance occur-
ring between strangers is shown in Figure 5.

ey )

Figure 5 - The effect of "triangulation® between strangers

Although we observed more situations where single people were
reading facts (102 singles, 34 pairs and groups), people in pairs
and bigger groups were more likely to interact with the display
(26/34) than single people (15/102). In some cases people ap-
proached the display and started interacting with it immediately
without engaging in reading first (32 sessions, 51 people). We call
this type of behavior direct interaction. Children were most likely
to start interacting with the display (18) as well as families (6 fam-
ilies, 19 people). The colorful design and animated buttons seemed
to be appealing to children, especially the pulsing ‘+ button,
which children tried to jump-reach. However it seems that they
interacted with it without any particular goal: they would touch all
buttons, they would try to ‘move’ the images, or select text, i.e.,
they touched everywhere in search for a reaction. Kids enjoyed
interacting with FunSquare and saw it as a ‘gaming machine’
(LC4, cf. Figure 6).

LC1 [2 boys and a girl, after interacting with

FunSquare]: ‘That thing was quite fun!”

Figure 6 - Gaming machine

In cases where children were accompanied by their parents their
interactions would create a ‘honey pot’ effect, i.e., they would lure
their parents in (Figure 7a). Some kids simply approached the
display (L14, LI11), some asked their parents to read the facts for
them (L116), while others ‘dragged’ the parents to interact with the
application. There were also cases where parents approached the
display, which in turn prompted their kids to ask questions about
the display. The ‘honey pot’ effect was also observed between
strangers, i.e., if there was interaction in front of a display it would
‘lure’ others to interact with the display (Figure 7b).

We observed both groups of 2-3 people (5 groups/11 people) and
individuals (7) interacting with a display. In several cases direct



interaction with a display sparked social interaction between chil-
dren (LC1), friends/couples (LI18, TI9), and family members
(TI8). There were also cases where the mix of direct interaction
and displayed content prolonged social interaction (TI8, L112).

Figure 7 - Honey pot: a) family b) strangers

5.3 Discovery

The interviews revealed that people did appreciate the intellectual
challenge posed by the display. They either liked the content on a
specific topic (LI1, LI5, LI6, L17, L19, L112, LI13, LI14, TI19), the
locality of it (LI5, LI9, LI114, L115, TI1, T12, TI3, TI8, TI9), or the
obscure connection between the two pieces of information that
comprise a “fun fact’ (L17, LI111, LI15). Some people said that
they would share some of the ‘newly learned information” with
people they know, e.g., family members, friends, and/or acquaint-
ances (LI1, LI3, LI5, LI6, LI7, L19, LI11, LI17, TI3, TI9) thus
promoting the challenge from the environment. While some peo-
ple stated that they would like to share the new information with
friends and family, some went even further and explicitly said that
this type of information would be very useful in learning environ-
ments, i.e., schools (L17, L19, L112, LI13, L115) where intellectual
challenge plays a key role in the learning process.

When people were actively engaged with the display they also
started discovery. We observed two things that people were inter-
ested in discovering: 1) content and 2) application information.
The two strongest examples for content discovery were LI5 and
LI12. LI5 browsed through 20+ facts. When asked about the con-
tent she said that she was actually browsing to find the content
that matches her topic of interest. She also wanted to find out
more of a local content. Similarly, after the initial interaction with
the content L112 returned to interact with FunSquare because he
was ‘absolutely fascinated” with the application’s content. People
were also trying to learn more about the application when they
were actively engaged with the display. They were either eager to
uncover application’s purpose (LI6, L110, TI6, TI9) or its features
(curious interactions, kids engaged in direct interaction with the
display, LI17, L118, LC4, TI2, LC1, TI3, TI4). For example, LI6
understood how to interact with the application and appreciated
content that matched his interest. However during the interview he
was mainly asking questions about the purpose of the application.
He also noted that his interactions were geared towards discover-
ing what the application does. On the other hand, TI12 was ‘push-
ing buttons to see what will happen’, i.e., he was interested in
discovering application features. Similarly LI118 interacted with
the application although they characterized it as ‘useless’. They
pressed the ‘thumbs up’ and ‘thumbs down’ buttons in order to
uncover the available variety of funny pop-ups.

6. CONCEPTUALIZATION

We conceptualize the observed behavior of coordinating around
and engaging with public displays according to Carr et al.’s human
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needs, i.e., passive engagement, active engagement, and discov-
ery. This conceptualization represents a first step towards develop-
ing a more concrete model, similar to those reported in [2, 6, 24],
ultimately augmenting theory of stimulating human needs through
public displays.

Overall, we observed people interacting with the display in two
zones (cf. ): the 1) passive engagement zone and the 2) active en-
gagement zone.

Passive engagement zone
Active engagement zone

Discovery
*Application
M -purpose
~features
*Content
-on a topic
-local
-wrapped/obscure
-7
Gli Chalenes & /Ir/nmersive
impse
Interaction % Interaction
- Read’n’, : - - Stop-read (content)
|‘czi;3nr;'-go Public dlSDIaY Curious interaction
: Observation (application)
(g8 / B\ N (& ;\fa
g < & Active reading \-\\~ 3
Direct interaction 204
Interest Read'n’interact Interest | )
.’/‘/
Social /
= 2 Transition
/ 2 triangulation 11‘\&_-

Social
triangulation

Tranamor“x fe 2N
\ ) < >
P2

Figure 8 — Conceptualization: engagement zones and activities
around a display. Several transitions between both zones and
activities are possible.

In the passive engagement zone (roughly in the area 2—-3 meters
from the display) people observed what others were doing in front
of a display (observations) or they had short interactions with it
(read’n’go), i.e., they had very brief glimpse interactions after
which they left the display location shortly. Other had more im-
mersive interactions in this zone, where they interrupted their
current activity and directed their attention to the display. During
our observations, activities in the passive engagement zone did not
spark any prolonged interaction with the display, i.e., active en-
gagement with the environment. For this reason they can be seen
as passive engagement with the environment.

In the active engagement zone (roughly between an arm length
and 2 meters from the display) users were engaged in a longer and
more focused interaction, either through active reading (where
they would read more than one fact, which resulted in a longer
interaction), read’n’interact (where they read on or more facts
prior interacting with the display), or direct interaction (where
they actively interacted with the sparse display user interface).
Since these activities involved longer engagement with the display
they can be seen as active engagement with the environment.
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Figure 9 — Observed stages in engagement and coordination for discovery, passive and active engagement. Steps 1-4 describe how a
user begins interacting with the display and consequently draws in both people in the active engagement zone and passers-by in the passive
engagement zone. Eventually, the initial users leave the display and other users move in from the passive engagement zone.

People would transfer from one activity to another. We observed
two instances of these transitions between the immersive interac-
tion to active reading and one from immersive interaction to direct
interaction.

In several cases we observed social triangulation, i.e., social inter-
action occurring within the active engagement zone (LI116, LI18,
TI5, TI8, TI9). In cases when we were able to eavesdrop on the
conversation the conversation was started because people were
interpreting the application (T19). Unfortunately in other cases we
were not able to understand the conversation. However from the
interviews we could also understand that people would like to
discuss the information because they were puzzled by the content
and would like to get more explanation (L110, TI7, TI8), or they
would like to express their interest in/towards the content (L112).
In several cases we also observed that people were sharing fun
(L118, TI8, T19), i.e., they were connecting socially through laugh-
ter. In some cases people continued their social interaction after
they finished active engagement with the display. In those cases
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they either commented on their experience (LC1) or they dis-
cussed the content (LC2).

In addition to the two zones, our conceptualization comprises form
the following elements (cf. Figure 9, moving from the image cen-
ter outwards): 1) an intellectual challenge that sparks interest for
interaction with the public display, 2) the discovery process that
allows one to discover the application and its content, 3) active
engagement activities leading towards discovery, i.e., active read-
ing, direct interaction, and read’n’interact, 4) passive engagement
in the form of glimpse and immersive interactions, and 5) transi-
tion between the zones (indicated by arrows). Figure 9 illustrates
how public displays stimulate PACD in public spaces. At the out-
set there is no engagement and person 1 in the display vicinity
notices the display (cf. step 1). In the second step this person starts
an active interaction with it, either through direct interaction, ac-
tive reading, or read’n’interact. As soon as person 1 starts interact-
ing with the display, a nearby person 2 follows, which in turn
raises interest in the passive engagement zone and triggers a



glimpse interaction by person 3, e.g., read’n’go (step 2a). Mean-
while, persons 1 and 2 engage in discovery (step 2b). Discovery
can lead to spontaneous social interaction, i.e., social triangulation
in the active engagement zone (step 3). Other passers-by (persons
4 and 5) disengage from their current activity and engage in im-
mersive interaction, e.g., curious interaction (also step 3). Eventu-
ally, these passers-by then transition into the active engagement
zone after it is vacated and in turn start an active engagement with
the display (step 4), while those who left the active engagement
zone continue their social interaction This exact series of transi-
tions was observed in two instances.

7. COMPARISON

As pointed out in the related work section, a range of public dis-
play interaction models have been presented before, which simi-
larly describe the coordination and interaction with public dis-
plays. Finke et al. [6] describe ideal user behavior leading to active
engagement with a display. They differentiate between three types
of users, i.e., actors - people who are engaged with a display, spec-
tators — people who observe what actors are doing, and bystanders
— people who are aware of the display installation.

In comparison with our conceptualization, actors would be users
interacting in the active engagement zone, while spectators would
be users engaged in the passive engagement zone in the form of
immersive interaction. Bystanders can be seen as users engaged in
glimpse interaction. As authors themselves note, their model is
ideal and misses understanding of transition between different user
roles. We complement their model by describing how engagement
around the display leads to users transiting from the passive en-
gagement zone to the active engagement zone.

The most similar model to our conceptualization is one of Vogel
and Balakrishnan [39], which describes different information ap-
propriation zones within a display’s vicinity, in which display
should react to people’s presence and change/appropriate its con-
tent. Their model consists of 4 such zones: 1) ambient display in
which the display should show a range of categorized content that
would signal available information on a display, 2) implicit inter-
action where the display should notice the user’s presence and
should signal that it ‘knows’ that a user is in the vicinity 3) subtle
interaction where user-relevant information should be displayed,
and 4) personal interaction where the user would interact with the
presented information directly through touch.

Our conceptualization can be connected with Vogel and Bala-
krishnan’s model: in some cases of immersive interaction that
transitioned to active reading, the interaction went from the ‘ambi-
ent phase’, i.e., noticing the display, to ‘implicit interaction’, i.e.,
observing the information — stop-read. In some instances, it would
further transition to ‘subtle interaction’ — active reading. In cases
where the transition was from active reading to direct interaction,
the interaction changed from ‘subtle’ to ‘personal’.

Brignull and Rogers model [2] describes social coordination
around public displays with respect to the flow of public interac-
tion around it. Their model uses three phases: 1) peripheral
awareness activity, which is similar to Vogel and Balakrishnan’s
‘ambient display’ in that people are somewhere else in the space
and are not aware of display content; 2) focal awareness activity,
in which people are closer to the display and are engaged in other
activities like eating, drinking, or talking next to a display; and 3)
direct interaction activity, in which a person is interacting with a
display directly. There are several similarities as well as differ-
ences between our conceptualization and Brignull and Roger’s
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model. The ‘focal awareness activity’ is similar to glimpse interac-
tion in a sense that people paid attention to a display, while ‘direct
interaction activity’ is similar to direct interaction. However there
are also several differences between the two models. While Brig-
null and Roger’s ‘focal awareness activity’ is similar to our
glimpse interactions, we also observed focal awareness during
immersive interactions. Both interactions happen in what we call
the passive zone — a space that did not spark social triangulation in
our observations. Our active engagement zone, i.e., the zone where
people are engaged with a display and where there was potential
for social triangulation, in turn is covered by both Brignull and
Roger’s focal awareness and direct interaction activities. These
differences between the two models may have been caused by the
different settings in which the observations were taken: Brignull
and Rogers created their model based on two highly social events,
while our observations covered a public space. Also, different
interaction techniques where used (keyboard and touch screen).

The model that explains coordination in front of public displays
with most details is the “audience funnel” of Michelis and Muller
[24]. The model describes the interaction flow in front of one or
several consecutive displays and has 6 phases: 1) passing by, i.e.,
simply passing by a display and not seeing the display, 2) viewing
and reacting, i.e., very short glancing at a display 3) subtle inter-
action, i.e., user movement with an intention to trigger display
reaction 4) direct interaction, i.e., interacting with a display direct-
ly through gestures, 5) multiple interaction, i.e., moving and inter-
acting with more than one display, and 6) follow-up action, i.e.,
actions that followed after the interaction was done, e.g., taking
photos of a display. The ‘viewing and reacting’ phase is similar to
glimpse interaction, while ‘direct interaction’ is similar to direct
interaction in our conceptualization. There are several differences
between the audience funnel and the conceptualization. Firstly, the
audience funnel was intended as a basis to calculate conversion
rates between the different stages, hence e.g., providing advertis-
ers a measure of how successful their content/application is, rather
than to model for PACD. Secondly, the model only considers
single users, whereas our conceptualization allows multiple users
to be moved into the focus. Thirdly, the audience funnel is a rather
linear framework that does not allow modeling the user as he/she
moves back and forth through different phases. Note, that as in the
case of Brignull and Rogers, differences between the PACD and
Michelis and Muller’s model may come from a different use con-
text, which focuses on economic aspects rather than on PACD.

8. DISCUSSION

As stated in the introduction, people appreciate challenges in pub-
lic spaces, whether they would be physical or intellectual [3]. Pub-
lic display applications can provide for this need and stimulate
people intellectually. In the case of FunSquare, this stimulus was
coming from information on 1) people’s topic of interest, 2) con-
tent that reflected the locality, or 3) slightly obscure information.
While we explicitly solicited local content of interest during the
development of FunSquare, in order to make the facts resonate
better with passers-by, such information could also be collected
automatically, e.g., by acquiring user profile of people in the space
(e.g., Facebook profile [35]), or by displaying search queries of
people that are near the display [12]. Content that reflects the lo-
cality could be pulled from the web by using the display’s GPS
coordinates and crawling the web on the information that is rele-
vant for the particular place. On the other hand it could also be
sensed within the environment, e.g., through a crowd sensor. In
the FunSquare case some of the information was pulled from the
web, e.g., local weather, while some was sensed, e.g. through a



Bluetooth sensor. “Obscure information” in FunSquare was em-
bedded in the connection between the two pieces of information.
As commented by L17 it provided explanation for the “big things’
by ‘combining static information, like big number and distances,
with real world data’. This type of explanation can be also found
on the web, e.g., Wolfram FunFacts (see http://twitter.com/#!/
WolframFunFacts), or through self-generative content [19].

Another requirement public display applications could stimulate in
public spaces is discovery. People are interested in uncovering a
public display application’s features or purpose. This would mean
that in certain cases stating what an application does might dimin-
ish its ability to support discovery. Letting people uncover on their
own what the application is about could be done gradually, e.g., by
providing textual clues. However, too much explanation might
lower the need for social interaction between people. In order to
further support discovery of an application its purpose could be
changing as well. For example a simple public display application
that shows topical information could be turned into a trivia quiz
game. Besides uncovering the application’s purpose, people were
also willing to discover the application’s features. People wanted
to see feedback to their actions. The discovery of applications
features can be something that is changed quickly, e.g., changing
the pop up location and text message, or something that requires
more time, e.g., implementing a novel functionality that allows
one to ‘rate’ the content.

People also enjoyed discovering application content. Content dis-
covery was supported in FunSquare by having information ran-
domly presented: one would have to browse and wait until he/she
reaches the content of interest. However people expressed interest
towards certain groups of content, i.e., 1) towards the content that
reflects their topic of interest, 2) towards the content that reflects
the locality, or 3) towards wrapped/obscure content. Grouping
content into categories might increase one’s willingness for dis-
covery. However it might also diminish it since people would be
able to get the content of their preference directly and might not
access some of it serendipitously.

Activities that lead to discovery, i.e., active reading, direct interac-
tion, and read’n’interact, were active engagement with the envi-
ronment, another human need in public space. People engaged
with the display alone, in pair, or in bigger groups. In some cases
when there was more than one person in the active engagement
zone, the display sparked social triangulation, i.e., spontaneous
interaction. People were trying to interpret what the application
does collaboratively, or they were discussing the information,
expressing interest in it, or simply enjoyed the content together.
These spontaneous interactions were sparked through discovery
and could be amplified by designing public display applications
that stimulate this need.

Activities in the active engagement zone sparked interest of people
who were outside of it, i.e., it sparked passive engagement with the
environment, another need we seek in public spaces. People ob-
served what was happening around the display or glanced at it. In
some cases activities in front of a display were so interesting to
others that they disengaged from the activities they were perform-
ing and engaged with the activities happening in front of a display,
i.e., they were immersed into activities in the active engagement
zone. The more people were in the active engagement zone, the
more attention the display got, thus increasing chances for social
triangulation. We believe that in public spaces where people linger
for some time, such as a bus stop, a more pronounced ‘honey pot’
effect would take place. The particular idea of placing displays at
bus stops in order to spark interaction has also been investigated
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by Yahoo!’s ‘Bus Stop Derby’ (see www.busstopderby.com/)
where players can play a quiz game. So far, unfortunately, there
have been no reports on their current deployment.

9. CONCLUSION

Public spaces cater to some important human needs, namely 1)
passive engagement with the environment, 2) active engagement,
and 3) discovery (PACD) [3]. Passive engagement allows people
to relax by observing environments features or what others do.
Active engagement nurtures our need for intellectual stimulus by
providing a challenge in the environment, potentially leading to
spontaneous social interactions (social triangulation) through spe-
cial features that act as a catalyst. And discovery of new features
in a place supports our need for acquiring new experiences.

In this paper we take the public space perspective and investigate
how public displays can enrich them by stimulating PACD, thus
‘weaving themselves into the fabric of everyday life’ [40]. In order
to test the potential of this idea we have designed, developed, and
deployed FunSquare, a public display application that aims at
stimulating PACD by showing locally scoped ‘fun facts’ in a
screen-saver fashion. FunSquare was deployed and evaluated over
two days at two locations in Oulu, Finland.

Based on an in-depth analysis of our observations of over 50 inter-
actions and interviews with 37 users, we conceptualized PACD-
related interactions in front of public displays, both spatially and
temporally. By dividing the space into passive and active engage-
ment zones, and identifying different interaction phases both with
the display application and with other users, the conceptualization
can help with both the development and the analysis of public
display applications that try to support PACD [23].
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ABSTRACT

The proliferation of public displays, along with ubiquitous wire-
less communication and sensing technology, has made it possible
to create a novel public communication medium: open networked
pervasive displays would allow citizens to provide their own con-
tent, appropriate close-by displays, and increase their own aware-
ness of a display’s surroundings and its local communities. We
envision that such displays can create interacting places, i.e., pub-
lic spaces that promote community interaction and place aware-
ness. In this paper we describe our Interacting Places Framework
(IPF), a conceptual framework for designing applications in this
novel research space that we developed based on four distinct
public display studies. Our IPF focuses on 4 elements: 1) content
providers, i.e., entities that will supply content; 2) content view-
ers, i.e., people who are addressed by the content; 3) communica-
tion channels that deliver the content and range from inclusive,
i.e., open-for-everyone, to exclusive, i.e., closed-group channels;
and 4) an awareness diffusion layer that describes how communi-
ty awareness building happens both explicitly, i.e., through con-
tent tailored towards a specific audience, and implicitly, by ob-
serving output for other people.

Categories and Subject Descriptors

H.4.3. [Communications Applications]: Bulletin boards; H.5.2.
[User Interfaces]: User-centered design; H.5.3. [Group and Organ-
ization Interfaces]: Theory and Models;

Keywords
Community interaction; Interacting places; Public displays; Urban
computing; Urban informatics;

1. INTRODUCTION

Public spaces form an important part of our everyday life — they
create a sense of belonging, provide a place where we can social-
ize, relax, and learn something new [5]. Because of these proper-
ties, and many others, these spaces often form an important build-
ing block in creating local communities: people with common
interests and values that share an emotional connection to each
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other, based on their sense of belonging to a place.

We are interested in exploring the role that pervasive open dis-
plays may play in such community building processes. Due to
significant price drops of LCD screens, public displays are be-
coming a ubiquitous resource in urban environments. While most
of these displays are still singular installations that run locally
stored slide shows or videos, it is not hard to imagine that these
displays will be networked in the near future [7][26]. Networked
and empowered with rich interaction capabilities, e.g., touch [27],
gesture [30], or mobile phone interaction [8][18], public displays
have the potential to become a global and powerful communica-
tion channel. We envision such a channel to be very beneficial for
promoting people’s values within a display’s vicinity, and hence
create awareness about a particular place and its communities.

We call such places “interacting places” — public space that uses
networked public displays to stimulate community interaction
(i.e., interaction between members of the same or distinct com-
munity residing within and without public spaces) and place
awareness (i.e., knowledge about the place through people who
occupy it). In our previous work we created a set of scenarios that
illustrate the potential of such spaces [22][23]. However with this
plethora of opportunities to start from, how would one decide
what features an application® should support? Where would the
content come from? Who would it address? How would the con-
tent be communicated? How would it affect and stimulate com-
munity interaction? How would it convey place awareness?

Most of the work carried out in this space covers only parts of the
posed problems: it is either focused on content production
[6]1[14][20][26][27], means of publishing information on a display
[71[81[91[16][17][31], and awareness and behavior around the
display [4][11][25][27][34]. Although the above-mentioned work
covers their respective areas in details, we wanted to provide an
integrated framework that would cover overall aspects of applica-
tions that would stimulate community interaction and place
awareness (in the following abbreviated “CIPA”) through net-
worked public displays. This would allow designers and develop-
ers of future networked public display applications to have a ho-
listic view on the possibilities involved around developing appli-
cations that would stimulate CIPA and would also allow them to
position and focus their work and efforts.

! Note that such an application does not have to be a “community” app,
such as a digital notice board. Even showing a user’s personal calendar
on a public screen could stimulate community interaction, simply by
virtue of sharing the information with other people present.



For the above-mentioned reasons we have created the Interacting
Places Framework (IPF). We complement the current body of
work on pervasive displays by describing a conceptual framework
that can be used for the design of networked public display appli-
cations that convey community and place awareness. In this paper
we will describe the IPF framework in detail and will summarize
our efforts from four studies that were conducted to derive it.

We will begin by presenting related work. Then we describe our
methodology used to derive the framework — action research —
and more specifically the “nested action research cycle” with its
set of studies that informed our framework. After that we will
describe IPF and its four main components in details, i.e., 1) con-
tent providers, 2) the communication channel, 3) the awareness
diffusion layer, and 4) content viewers. We will then discuss im-
plications and summarize our findings.

2. RELATED WORK

Our work builds on three strands of research: content production
for public displays [6][14][20][26][27], means of disseminating
information through displays [7][8][9][16][17][31], and awareness
and behavior around the display [4][11][25][27][34].

Most of the work on content production has relied on user-
generated content [6][14][20][26]. The type of content users were
allowed to post and see on displays ranges from text [20], Flickr
images [27], virtual postcards generated on the display itself [14],
or social media content, i.e., text and images combined, related to
specific place from Foursquare and Twitter [6][31]. However,
content on the display does not have to come only from users,
e.g., content can come also from a range of services such as maps,
bus schedules, weather forecast, or games [26].

We complement the current body of research by providing a con-
ceptual framework that allows developers of future networked
public displays systems to choose if their application should pro-
vide content that is coming from people or services (cf. see sec-
tion 4.1). We also provide means for developers to think about
their target group, i.e., viewers (cf. see section 4.4), as well as how
they want to achieve the desired effect of their application, i.e.,
implicitly or explicitly (cf. see section 4.3).

Once the content is produced it needs to be disseminated through
a display. The plethora of different means for information distri-
bution range from publishing information through mobile phones
[8][17], instant messaging [16], email [9], social media like Twit-
ter [31], or drop-box like approach where users ‘drop’ the content
they want to appear on a display into a networked folder [7]. All
these different ways of publishing content onto a display represent
different communication channels that are being used today.
Clinch et al. [7] used this notion of a ‘channel’ to allow content
producers to organize and distribute their content.

We complement current body of research by building on Clinch et
al.’s notion of a channel to describe a general way content would
be delivered in the context of interacting places. We also extend
their work by describing the range of channels that can go from
inclusive, i.e., open-for-everyone, and exclusive, i.e., closed chan-
nels that are delivering message to selected recipients, and by
explaining how channels could be scoped through people and
places (cf. see section 4.2).

Previous research has also investigated people’s awareness and
engagement around the display [4][11][25][27][34]. Many pass-
ers-by go through several stages before transitioning from some-
what passive engagement with the display, e.g., just noticing or
glancing at it, towards active engagement with it, i.e., directly
interacting with the content. Most of the interaction with the dis-
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play happens in the passive zone (‘peripheral’ and ‘focal’ [4] or
‘passing by’ and ‘subtle interaction” [25]) where people only
glance at the content [15].

We complement prior research by providing insights into ways
awareness would be diffused implicitly in the passive zone, i.e., by
observing output of the others and becoming aware through “le-
gitimate peripheral participation” [19] (cf. see section 4.3). Addi-
tionally, we describe how awareness can be achieved explicitly by
tailoring content towards specific groups of people. We also de-
scribe four types of awareness public displays can support, name-
ly, awareness between members of the same community within
and without public spaces (identity cognition and remote connec-
tivity), awareness about the diversity of communities in the locali-
ty (local connectivity) and infusion of diversity within the local
community (identity infusion).

Overall, we complement work on pervasive displays by present-
ing an integrated framework that provides a holistic overview of
possibilities when creating applications aimed at stimulating ClI-
PA through displays.

3. APPROACH

We grounded our approach in action research [13] to derive the
IPF conceptual framework. Action research can be simply seen as
an approach that ‘focuses on simultaneous action and research in a
participative manner’ [10]. More specifically our approach fol-
lowed a nested action research cycle that has three main elements:
1) identifying research questions, 2) a continuous action research
cycle that is used to approach the questions, and 3) examining
evidence that comes from the continuous action research cycle
[13]. The continuous action research cycle is nested between the
research questions and evidence and contains four elements: 1)
planning of actions to be taken to tackle the questions, 2) acting
according to the plan and testing research questions in practice, 3)
observing the effects of the actions and collecting data, and 4)
reflecting on the data collected and coming up with findings.

2 Act
Research
questions Plan Observe
Evidence Reflect

Continuous action research cycle

Nested action research cycle

Figure 1 - Nested action research cycle. Action research is an
approach that “focuses on simultaneous action and research in
a participative manner’ [13].

With the plethora of opportunities for networked public displays
our first question was: what problems should networked public
displays address? We started by looking into problems that com-
munities face in public space and — based on an extensive litera-
ture review [22] — defined a research agenda for interacting places
with four opportunities for public displays in supporting commu-
nity interaction: (a) identity cognition addresses the problem of
weakening connections in local communities (due today’s hectic
life and relocation); (b) local connectivity addresses the problem
of community avoidance in public spaces (e.g., elderly vs. teenag-
ers); (c) remote connectivity addresses the problem of distributed
communities (people who share the same values and interest scat-
tered across public spaces); and (d) identity infusion addresses the
sense of isolation in remote communities (e.g., communities in
rural villages often feel left out and want to see what lies beyond
their premises).



After we defined the research agenda we identified three key chal-
lenges, i.e., research questions, for interacting places: uncovering
the stakeholders involved (who), i.e., the group of people who
would be affected by interacting places and who would benefit
from it; identifying suitable instruments (what) for accomplishing
CIPA (community interaction and place awareness); and under-
standing the basic use (how) of those instruments to achieve the
desired goal. Overall we conducted four studies to answer the
three challenges. All the studies followed the continuous action
research cycle and gave us evidence for the IPF.

In our first study we aimed at uncovering the stakeholders in-
volved around interacting places (who). Consequently, we con-
ducted a study on current practices around traditional, analog
displays used for community communication, i.e., notice boards
[2]. We performed a two week photo-log study of twenty-nine
diverse locations (e.g., retail stores, universities, and cafes) that
deployed notice boards, and conducted a number of in-depth in-
terviews. The study took place in four different cities in two coun-
tries. In particular, we looked at content, different ways of posting
(i.e., forms of content control), and the motivation for having the
notice board. Our study revealed three key parties involved: 1)
display providers and managers, i.e., people who are providing
the notice boards, 2) content providers, i.e., people who are sup-
plying/posting the content, and 3) content viewers, i.e., people
who are consuming/viewing the content. In our first version of the
IPF, we decided to focus on those parties directly involved in
production and consumption of content, i.e., content providers and
viewers However, future versions of IPF will need to take the
regulative role of display providers and managers into account.

Our second study tackled the question of identifying suitable in-
struments (what) for achieving CIPA. To discover such instru-
ments, we conducted a study on current communication practices
surrounding today’s ICT technologies, i.e., email, instant messag-
ing, and social networking services, within our own student com-
munity. The study was based on seventeen semi-structured inter-
views and analyzed ICT use through the “communicative ecology
lens” [12] — a methodology used in media and communications
research to represent the technical, social, and discursive contexts
in which communication processes occur. Echoing similar find-
ings by Subrahmanyam et al. [33] and Barkhuus and Tashiro [3],
our study revealed the two types of communication channels: 1)
those that allow community members to develop new ties by dis-
playing content that is open-for-everyone, i.e., includes also hith-
erto unknown community members, and 2) those that allow com-
munity members to strengthen existing ties with others, i.e., chan-
nels that are more oriented towards closed-group communication
with content that contains meaning only to a certain group of peo-
ple and excludes others. We call these two types of channels in-
clusive and exclusive channels, respectively.

Our study on today’s ICT use practices also informed our under-
standing of instrument use (how). Both inclusive and exclusive
communication channels were used to explicitly expresses com-
munity interests and values, e.g., by cheering a local soccer club
on one’s own Facebook page, or by sharing a YouTube video link
with close friends. This was also apparent in our study on tradi-
tional notice boards [2], where classifieds, event announcements,
and posters would often directly express local community values.
In addition, such public displays would also support what we call
implicit awareness diffusion: by publicly posting information to
few or many, even visitors would implicitly learn about a local
community through their interests and postings.
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Our third study and fourth study were undertaken with the goal of
gaining a deeper understanding of the instrument (what) and its
use (how) to achieve the desired goal. We designed, developed,
and deployed two applications for interacting places. Digifieds [1]
is an application that allows people to create and distribute con-
tent. With this application, users can post advertisement on net-
worked public displays. They can do so in three ways: directly on
the touchscreen-based display, on their mobile phone, or from a
dedicated website. We have designed Digifieds based on our
study on traditional notice boards [2]. FunSquare [21] is a service
that dynamically connects information sensed from within a dis-
play’s surroundings (e.g., the number of people in the space, the
current weather, or the number of connected Bluetooth devices)
with fixed facts, e.g., the population of Pitcairn Islands, the cold-
est temperature ever measured in Sao Paolo, or the number of
MacBooks produced by Apple every minute. By connecting fixed
facts with local, dynamic information, FunSquare ties local events
and situation to a wider context in a playful manner. Both applica-
tions were deployed for 4 weeks on a networked public display
system in Oulu, Finland. Detailed results for Digifieds and
FunSquare can be found in [1] and [21], respectively. Besides
providing information about the instrument (what) and its use
(how), studies 3 and 4 also helped us to better understand content
providers and viewers, i.e., stakeholders (who).

In the spirit of the nested action research cycle, IPF was built iter-
atively where evidence coming from each study helped us to re-
fine the framework.

4. INTERACTING PLACES FRAMEWORK

Our current IPF comprises four components that cover the key
elements of interacting places: stakeholders, i.e., content provid-
ers and content viewers, the instrument used for achieving CIPA,
i.e., the interacting places communication channel, and its ex-
pected impact through the awareness diffusion layer. Each of
them is described in the sections below.

4.1 Content Providers

While content providers in our traditional notice board study were
only people, we envision that interacting places content can be
provided by both people and services. This is similar to the Web,
where both user-generated content (e.g., Facebook, Craigslist) and
service-generated content (e.g., weather.com, finance.yahoo.com)
can be found.

The two types of providers were also confirmed in our study on
student’s communicative ecology, i.e., current practices surround-
ing today’s ICTs: students either saw content as coming from
people, e.g., Facebook postings, email and IM exchanges, or they
saw it as coming from a service. However, even though many
sites actually feature user-generated content (YouTube, Twitter,
or SlideShare), students perceived these as being distinct from,
e.g., Facebook postings or IM chats, and rated these as service-
originated content. In this categorization, Digifieds can be seen as
an example for application that allows people to provide content
for public displays, while FunSquare is an example of a service
generated content.

4.2 Communication Channel

No matter where the content is coming from, may it be people or
services, it is distributed through a networked public display
channel. We define a networked public display channel to be a
uni- or bidirectional medium/carrier for transmitting multimedia
content to its intended audience. While existing ICT channels are
typically structured around protocols (e.g., email, IM) or individu-
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Figure 2: Interacting Places Framework (IPF). Content pro-
viders can be seen as both people (i.e., individuals) and ser-
vices (e.g., Facebook). A communication channel carries con-
tent that is either open/understandable for everyone (inclu-
sive) or only for a few people (exclusive). However, even if
explicit communication takes place, the nature of a public
display will implicitly diffuse awareness of even opaque con-
tent to local bystanders. The explicit recipients of content may
be individuals, known groups, or even unknown groups.

al services (e.g., Facebook, Skype), channels are characterized by
a particular set of features that support conveying content from a
source, i.e., provider, to a destination, and optionally preferences
of the respective communication partners for doing so.

An inclusive channel carries content that is open-for-everyone,
i.e.,, anyone can understand the meaning of the content. Both
FunSquare and Digifieds portray information through the inclu-
sive channel: classifieds and information about display surround-
ings are meant to be seen by anyone. According to Brignull and
Rogers, this channel should also allow users to “express their
opinions towards the content” [4]. In case of Digifieds, people can
report inappropriate content through an abuse button and they can
also indicate their preference towards certain classifieds through a
like button. Similarly, FunSquare also allows people to like or
dislike content thus expressing their opinion towards different
content categories (e.g., weather, history, science, etc.). Addition-
ally people can also leave more detailed opinions through com-
ments that are related to specific information.

An exclusive channel allows a directed message to be transmitted
to selected recipients. As public displays are by definition public,
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exclusivity must be ascertained through other means. For exam-
ple, people could use avatars and pseudonyms to leave messages
for the intended recipients (‘@R2D2: meet you for lunch at the
canteen. Yours truly, C3PQO.’), or they could use other mecha-
nisms to provide the exclusive channel. In Digifieds, on one hand
people can create classifieds and also take the ones they are inter-
est in their mobile phone, on the other hand, an internal messaging
system is provided that allows people to get in contact with each
other without publicly revealing the contact data (e.g., the email
address). Further private interfaces have already been proposed in
the literature [17][18][28].

In both cases (inclusive and exclusive), transmitted content would
go to a certain place or to a certain group of people, i.e., commu-
nication could be scoped through people and places. A desired
recipient for the content can be a particular person that can be
reached by his/her 1D, or a group of people who share the same
interest or features. For example, we can imagine sending a mes-
sage to our beloved ones (ID), or posting an advertisement about a
stamp collection that needs to be sold (interest) or a new tango
dance evening for the elderly in town (feature). Similarly content
can be sent to a particular place at a particular location, to a place
with particular interests (e.g., as determined by its history of local
postings), or to a place with a specific feature. For example, we
might want to send a “Happy New Year Tokyo” message when
away from our hometown (location), or we might want to send a
message to a place with the most FC Barcelona fans (history
and/or interest), or to a place where local skaters hang out (fea-
ture). Interacting places could even exchange content automatical-
ly through services based on the above-mentioned parameters, i.e.,
location, interests, and features.

4.3 Awareness Diffusion Layer

To recap, an interacting places display application can transmit
content over a range of channels that go from inclusive, i.e., open-
for-everyone, to exclusive, i.e., one that supports communication
with selected recipients. However, it is important to realize that
not all potential viewers of such a display may be able to explicitly
make sense of this content, in particular when local language,
symbols, or codes are being used. While one might assume that
such viewers will not be able to benefit from such content, we
stipulate that in such circumstances, an implicit diffusion of com-
munity awareness is taking place. For example, while foreigners
might not be able to understand that “Barca” refers to a football
club, or even a sports club altogether, they might still realize that
its community is very active in a place due to the number of mes-
sages posted bearing the “Barca” logo. Similar implications may
be drawn from the artwork and typography associated with the
communication: a visitor to a bar may not understand who is post-
ing what on a screen, but might perceive the design as either very
professional or very homely, thus getting a sense for a very pro-
fessional or very caring community, respectively.

Digifieds is an example of an application that demonstrates the
joint effect of implicit and explicit community diffusion: while it
provides CIPA (community interaction and place awareness) ex-
plicitly by portraying information about the interests and values of
individual community members, it also creates the effect of Legit-
imate Peripheral Participation [19], where people learn about a
place and its community by observing the interests and communi-
cation patterns of others. For example, even if a visitor might not
speak the local language in which Digifieds is deployed, seeing
images of either hand-painted used bicycles or sleek racing bikes
embedded in its notices, will still allow the visitor to get a sense of



the community: Are people obsessed with latest biking gear, or do
they value individualism and recycling over novel technology?

The implicit and explicit CIPA diffusion can also be seen (a)
through content that originates from the environment, i.e., from a
place, and (b) through content that originates from people [24].
FunSquare is an example of an application that presents content
originating from the environment, i.e., it portrays information
about a display’s surrounding. For this type of content, CIPA is
usually being achieved implicitly by stimulating the effect of “tri-
angulation’, an effect where particularities of the physical space
act as links between people [5]. Content originating from people,
on the other hand, explicitly achieves CIPA by promoting com-
munity values through content that expresses the attitudes, beliefs,
and ideas of individual community members.

In addition, content on a public display provides information
about the preferences and interests of people within and without
the display surrounding. This will provide different opportunities
for people to become aware about communities within and with-
out public spaces as defined in our research agenda (cf. see sec-
tion 3 “Approach™), i.e., it would provide awareness about the
community of one’s interest (identity cognition), communities in
the locality (local connectivity), distributed other communities
with the same interest (remote connectivity), as well as infor-
mation about unknown communities (identity infusion).

Note that we did not yet take into account how diffusion would be
influenced by situational and contextual challenges within the
space, such as social implications of shared use [29].

4.4 Content Viewers

In our study on student’s communicative ecology we could see
that content was delivered to 1) an unknown group of people, e.g.,
through YouTube videos, tweets, and SlideShare presentations, to
a 2) known group of people, e.g., friends, family and acquaintanc-
es, or to 3) individuals (directed message). We foresee that con-
tent on a public display will potentially be viewed also by the
same three types of viewers. Some people might not necessarily
understand the content and see it just because they are situated
next to a display; others might be recipients of a message and
would understand the content; and in some cases it might be a
single individual who is the sole recipient of a message.

We can also connect these groups with the inclusive and exclusive
channels: the inclusive channel carries content that is open-for-
everyone and its designated group of viewers is unknown. On the
other hand exclusive channel would allow a closed group commu-
nication with a known group or an individual. However this clas-
sification is not very strict. For example, we might use the exclu-
sive channel to contact a known group of people, e.g., friends or
family members, but we might also use the inclusive channel to
contact another known group of people, e.g., people with whom
we share the same interests. For example, we might use the exclu-
sive channel to send a message to a close friend, “Wolverine meet
you for a coffee. Xavier”, having meaning only to a known group
or individual, or we might use the inclusive channel to send a
message “Forza Inter” to all the places that have a majority of
Inter Milan supporters, i.e., to a known group of people who share
the same values as we do.

5. DISCUSSION AND IMPLICATIONS

The IPF can be seen as a framework that provides a holistic view
on challenges and possibilities for networked public display appli-
cations that aim at stimulating CIPA. It provides four landmarks
in this area in the form of 1) content providers, 2) content viewers,
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3) communication channels, and 4) diffusion layers. Future devel-
opers of networked public display applications can use IPF to both
analyze existing deployments and to design novel CIPA applica-
tions.

For example, researchers and designers can examine how content
is (or should be) provided, i.e., whether it is provided by people or
by a service. In some cases these choices are obvious, e.g., in a
notice board or a bus schedule, but sometimes it is up to the de-
signer and the developer to make that decision: a football score-
board may fetch results from the web or allow people to report
them along with their comments. A combination of service- and
people-generated content would also be possible (e.g., a score-
board that fetches online scores but allows comments).

Choices are also apparent with respect to the channel that is used
to deliver the content and that best suits the application, i.e., is it
open and discussion-oriented (inclusive), or more delivering con-
tent for a selected group (exclusive). For example the football
score results could be delivered in such a fashion that they spark
discussion around the content, but they could be also delivered
just for selected recipients (e.g., you could subscribe to the appli-
cation that delivers the results only to the subscribers). Research-
ers and designers should also think about the scope of the chosen
channel, i.e., how it is scoped through people and places. For
example, in certain cases desired recipients of the content might
be people, e.g., delivering a message for a particular person
(‘R2D2: Barcelona scored! C3PQO’), while in other desired recipi-
ents might be places, e.g., delivering a message to the place that
matches certain features (e.g., delivering the same message to
places with the most Barcelona supporters).

Researchers and designers also have to identify the type of aware-
ness achieved, i.e., is it geared more towards spreading awareness
between members of the same community - identity cognition and
remote connectivity (e.g., awareness of all Barcelona supporters
within and without); spreading awareness about different commu-
nities in the locality — local connectivity (e.g., spreading aware-
ness about different football club supporters within the space); or
does it provide more diversity within a community — identity infu-
sion (e.g., spreading awareness about other sports than football).
More importantly, designers must be aware that their immediate
communication — the explicit awareness diffusion — will always be
visible to non-community members who might not be able to de-
code the specific symbols and messages within a community. For
those viewers, implicit community awareness is taking place, in
that they get a sense of the type of communication that is taking
place. Designers can aid this process by carefully choosing their
design language, e.g., color schemes and fonts, and the corre-
sponding tools available to community members’ messages.

Finally, researchers and designers can think about different groups
of people that view the content of the application and analyze how
much the content is suitable for an unknown group, a known
group, or individuals. For example, in some cases content would
be suitable for an unknown group (e.g., a weather forecast) while
in other cases it might not (e.g., showing a football club logo in a
wrong place might stir some unwanted attention). This might also
influence the decisions to change the content depending on the
viewers around the display (e.g., showing a message ‘Barcelona
1:0 Real’, instead of ‘Mike! Barca just scored!!!’).

6. CONCLUSION

We believe that future networked public displays systems will
enable a novel communication channel that can be highly benefi-
cial for connecting communities that reside within and without



public spaces. Such displays would enable what we call interact-
ing places — public spaces that promote community interaction
and place awareness (CIPA) through networked public displays.
In this paper we described our effort on creating a conceptual
framework — the Interacting Places Framework (IPF) — that can be
used to both analyze and prepare future deployments.
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ABSTRACT

In the age of online social networks, local communities still play
an essential role in supporting social cohesion. In this paper we
present a study that explores the design of “interacting places” —
networked public multimedia services that foster community
awareness between local members — in the context of a student
community. In order to have interacting places “fit in” with the
existing communication practices of the students, we performed
and analyzed a set of semi-structured interviews with n=17 stu-
dents regarding their use of email, social networking services, and
instant messaging to stay in touch with others. A follow-up online
survey (n=76) then explored how networked public multimedia
services could complement these practices. Following a “commu-
nicative ecology” approach — a conceptual model that represents
the technical, social, and discursive contexts of communication —
we draw up guidelines to support the design of both content and
channels (applications) for interacting places in student communi-
ties.

Categories and Subject Descriptors

H.4.3. Communications Applications; H.5.2. [User Interfaces]:
User-centered design; H.5.3. [Group and Organization Interfaces]:
Theory and Models;

General Terms
Design

Keywords
Community Interaction, Networked Public Displays, Public dis-
play design, Communicative Ecology

1. INTRODUCTION

Public spaces such as streets, squares, and parks play an important
role in our lives as they foster the process of building local com-
munities: they provide the space for people with common interests
and values to bind and interact. Public spaces allow people to
create shared emotional connections and ultimately develop a
sense of belonging to a place [8]. This applies on many different
levels: nation-wide (shared monuments), city-wide (city centers),
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and neighborhoods [8]. Universities are no exception: they repre-
sent microcosms with public spaces that are filled with different
cultural, religious, and interest-driven communities.

Due to significant price drops of LCD screens, public displays are
becoming a ubiquitous resource in urban environments: we can
find them at metro stations showing latest news and schedule, in
shopping malls advertising upcoming discounts and sales, or on
an entire building facade advertising brand products. Although
most of these displays are isolated installations that run locally
stored slide shows or videos, it is not hard to imagine that these
displays will be networked in the near future [11], [28]. Net-
worked and empowered with rich interaction capabilities, e.g.,
touch [29], gesture [31], and/or mobile phone interaction [5], pub-
lic displays have the potential to become a global and powerful
communication channel [11]. As recent studies have suggested,
public displays could also be beneficial for improving community
interaction [9], [16], [19], [24], [30], [33], [41].

However, with a plethora of already existing information and
communication technologies (ICTs) that are regularly used to
communicate with other community members, i.e., email, social
networking services, and/or instant messaging, the idea of using
networked public displays to support local communities has to be
seen as an enhancement to the existing set of devices and services
[13], [35]. Otherwise it yields the risk of being seen as another
burden that competes with an established portfolio of ICTs [13],
[35]. Since public displays are largely ignored by their audience
[27] it is even more important to consider practices around today’s
ICTs in the effort to make the shift from ‘display blindness’ to
‘attractive addition’. This prompts the following questions:

« How can networked public displays best complement practices
that surround today’s ICTs? How would they best “fit in’?

« What would be the most desirable features they would have to
support to ensure user acceptance?

« What type of content and services would be suitable for a par-
ticular local community?

We decided to investigate these questions through a series of
stakeholder interviews and online surveys following a (abbreviat-
ed) communicative ecology approach. Communicative ecology is
a conceptual model used in media and communications research
to represent the technical, social, and discursive contexts in which
communication processes occur [13], [35]. Drawing up a commu-
nicative ecology informed by our local student population, even if
only in a restricted manner, helped us to identify key aspects of
their ICT use with respect to both channel and content properties.

In our work we call public spaces that use networked public dis-
plays to stimulate community interaction interacting places [24].
We define an interacting places channel to be a an application



running on a display that is a uni- or bidirectional medi-
um/carrier for transmitting multimedia content to its intended
audience. While existing ICT channels are typically structured
around protocols (e.g., email, IM) or individual services (e.g.,
Facebook, Skype, Twitter), an interacting places channel is main-
ly characterized by a particular set of features that support con-
veying content from a source to a destination, and optionally pref-
erences of the respective communication partners for doing so.

Our contribution is therefore threefold:

« We introduce the conceptual use of communicative ecology for
the design of networked public displays that support local
communities (“interacting places” [24]).

« We show where interacting places should be located within the
existing ICT portfolio of student communities.

« We present a set of design guidelines for creating interacting
places channels (applications) and the choice of corresponding
content suitable for supporting student communities.

After a brief overview of related work, we describe our study
design of semi-structured interviews and online surveys for un-
covering our students’ communicative ecology, i.e., how they see
different sources and addresses that communicate with them
through today’s ICTs as well as what type of content flows
through these channels. After that we summarize our findings and
elicit the most desirable content for interacting places. Then we
present results from our follow-up study that positions these items
within the communicative ecology that includes most popular
ICTs as well as networked public displays. Finally, we present our
design implications for creating interacting places.

2. RELATED WORK

Our work draws from three strands of prior research: 1) studies on
communicative ecology; 2) ethnographic studies on user practices
with ICTs; and 3) work on public display systems that promote
community awareness.

2.1 Communicative ecology and its use

The origin of communicative ecology comes from Altheide’s
notion of ‘ecology of communication’ [3] that he used to describe
how ICTs change and influence social activities in local environ-
ments. This was later refined by Slater, Tacchi, and Lewis [35]
into ‘communicative ecology’ that was characterized as an ethno-
graphic approach used for uncovering parties, mediums, and
meanings occurring within communication processes. Foth and
Hearn [13] build on top and introduce the notions of layers and
dimensions. According to them, communicative ecology has three
layers that are intertwined, i.e., 1) the technological layer that
looks into different ICTs used for communication, 2) the social
layer that looks into how these ICTs are used to connect with
different social circles, and 3) discursive layer that looks into
themes that make the conversation. Each communicative ecology
can be placed across three dimensions 1) online/offline dimen-
sion, 2) collective/networked, and 3) local/global. For the purpose
of our work we started with an abbreviated approach that focuses
only on the three layers that help us look into communication
practices, without actually positioning the ecology within all of
the dimensions. While not as powerful as the full approach, this
nevertheless offered important insights on how interacting places
could fit within the existing ICT portfolio.

A (full or abbreviated) communicative ecology allows us to de-
scribe the portfolio of devices and how they are used within a
community. Whenever a novel ICT is introduced into the commu-
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nity, it competes with existing ICTs for the user’s attention. The
importance of the communicative ecology approach lies in offer-
ing an understanding and explanation of what the novel ICT has
to complement and/or enhance with respect to the existing portfo-
lio, in order to avoid user rejection [13]. Prior studies on commu-
nicative ecologies have focused on a diverse set of domains, such
as ICT for development (ICT4D) [35]; particular ICTs like com-
munity radios [39], mobile phones [26], and tablet PCs [6]; and
particular settings, e.g., urban residential areas [13] or within the
domestic sphere [34]. We complement this body of research by
presenting findings from a student communicative ecology with a
comprehensive view on ICT use and — more importantly — with
the particular goal of designing a novel technology, i.e., interact-
ing places.

2.2 ICT and user practices

The second strand of prior work we draw from are studies that
investigate ICT and user practices for (online and offline) social
networking, yet which do not use the methodological framework
of communicate ecologies.

Subrahmanyam et al. [38] have looked at the activities that emerg-
ing adults, e.g., students, conduct through social networking ser-
vices (SNS), instant messaging (IM), and face-to-face. Their re-
sults show that students select different channels to connect and
reconnect with different circles of people. Barkhuus and Tashiro
[4] focused solely on students’ use of the social media platform
Facebook and how it is used to initiate and schedule social gather-
ings.

In order to properly design interacting places that can act as com-
munication channels, we thus explicitly elicited students’ use of
different channels for different communities. We also tried to
assemble a more detailed view of how Facebook is used for other
activities beyond social gatherings. Other notable works

Although the number of ICTs is growing every day, Turner et al.
[43] argue that new communication channels do not necessarily
replace existing ones, but rather complement them. This is also
shown by Heyer et al.’s [14] work that used existing ICTs — email,
IM, and SMS - to create a new mobile channel that allowed small
groups to communicate.

In our study, we were thus particularly interested in understanding
how networked public displays would affect and potentially com-
plement the existing communication channels. This was not the
goal of any of the above-mentioned studies.

2.3 Public displays for community awareness
Most of the previous work in the area of (networked) public dis-
plays for communities focused on arguing for their community
value in the first place [21], [22], [23], [24], [42] or more specifi-
cally for their value for civic engagement [33], by demonstrating
their impact on community awareness in rural [16], [41], urban
[19], [30] and work environments [9], or by describing system use
and development over time [11], [28]. However, none of them
investigated how this novel communication medium - networked
public displays - would fit in with current ICTs and what services
and content items would be most desirable for them. As suggested
by previous research [13], [35] this line of investigation is im-
portant since it lowers the risk for their rejection (as a novel com-
munication medium). Our study shows what services and content
items would be most suitable for networked public displays for
the given community (i.e., students).

Nevertheless, previous work does offer some guidelines. For ex-
ample, it is important to co-realize the system with the communi-



ty for whom the system is being built [16], [41]. Without gaining
an insight and understanding a particular community’s communi-
cation needs and tools that are used to fulfill these, the system is
not likely going to be supported by the community. Alt et al. [2]
found that getting community members to learn a new pattern to
perform an existing habitual action will most likely not work. In
other words, it is necessary to uncover the properties of the com-
munication channels used by the community to deliver the intend-
ed content from the content source to the addressee, i.e., other
community members.

Jones et al. [16], as well as Taylor and Cheverst [41] demonstrat-
ed how historic events of a place are highly valued in tight-knitted
communities, e.g. rural places, where people meet on a daily ba-
sis. In contrast to tight-knitted communities, urban areas see peo-
ple that typically know only few of the many faces that they see
on the street. One way to increase community awareness in such
settings is to engage people locally, e.g., by allowing them to post
messages [18] or classifieds at a place [1], [30], or simply to
"check!in" (e.g., Forsquare.com). In a sense, the mere act of in-
stalling a public display might already help urban residents to
form "temporal communities”, as any kind of "special feature™ in
a place as an art installation, or a particular event such as a parade
or concert gives people a reason to talk and discuss [8]. This ef-
fect is known as “social triangulation” [8] and can be also further
stimulated by the display content [20], [25].

We also want to note that while a number of campus-based net-
worked public display systems exist [10], [17], these installations
have not had community building among students in their focus
(nor how these installations fit within the ICT portfolio).

3. STUDY DESIGN

In order to elicit the properties of a communication medium based
on future networked public display systems, as well as corre-
sponding content that will support community awareness between
students, we conducted a study within the student community of
University of Lugano, Switzerland. The study aimed at investigat-
ing ICT practices around student-related communication. In par-
ticular (a) to investigate the communicative ecology of local stu-
dents, i.e., their current practices and preferences in using ICTs
with respect to different types of content and different sources and
addresses they are used with, and (b) to elicit their attitudes to-
wards the use of public displays for different types of frequently
exchanged content.

Conducting a full-fledged communicative ecology encompasses a
holistic view and also investigates the interconnection between
different stakeholders (e.g., professors, students, and other Uni-
versity staff), as well as the use of non-digital and digital media
we conducted a more focused (and thus shorter). Instead of going
wide we conducted an abbreviated and more focused study that
only explored the use of the most widespread ICTs in use by our
direct stakeholder — the students. In other words: we explored
students’ use of popular social networking services (SNS), email,
and instant messaging (IM) for communicating with classmates,
the University, friends, and family.

3.1 Methodological approach

Our study was conducted in two phases. First, we explored stu-
dent preferences through a set of in-depth, semi-structured inter-
views. The interviews first elicited students’ current communica-
tive ecology before briefly describing the idea of interacting plac-
es and asking them to envision possible scenarios and content for
such a system. The University of Luganos’s Lugano Campus (LU)
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has three faculties (Economics, Informatics and Communications)
and a total of 1500+ students.

Students were recruited through the faculties’ mailing lists. We
selected a sample of individuals that represent the variety of the
LU students. In total, we recruited 17 people: 7 from the Informat-
ics Faculty, 5 from the Economics Faculty and 5 from the Com-
munication Science Faculty. The interviews were taken at the
University premises. The interviews lasted about 30 minutes.

We then analyzed the interviews and identified possible content
items for interacting places. In the second phase we conducted an
online survey that asked a wider student audience to rate various
technologies with respect to their suitability for sharing and view-
ing identified content items. The two activities, i.e., sharing and
viewing, emerged as the predominant activities from the inter-
views. The online survey asked students to select all tools that
they would use (or like others to use) for sharing a particular con-
tent item: public displays, social networking sites, email, instant
messaging, or “other”. We also asked participants to explicitly
identify content that they would find inappropriate for view-
ing/posting to public displays. A link to the survey was distributed
through various university mailing lists. Overall we received 76
completed questionnaires.

3.2 Data analysis

We conducted a qualitative analysis of the interviews starting
from the transcripts. Three researchers conducted open-ended
coding to identify 1) the main themes pertaining the habits and
attitudes of a student community in using ICTs with respect to
how they see different sources and addresses that communicate
with them, and 2) the contents/services they might like to have in
an interactive public place. Affinity diagrams were used to group
emerging key patterns, which in turn were used to create the fol-
low-up online survey. We conducted a qualitative analysis of the
interviews starting from the transcripts. Transcripts were anony-
mized by using an identifier comprising from the first letter of the
participant’s faculty of provenance (E — economics, I- informatics,
and C — communications) and his/hers sequential number within
that group, e.g., 21 would be the second interviewed student from
the Faculty of Informatics while 3C would be the third student
from the Faculty of Communications. The survey data was ana-
lyzed with the help of simple descriptive statistics to order the
replies and identify trends.

Considering the qualitative nature of both studies, as well as the
modest size of the participant group, our results are not intended
as statistical evidence for expected students behavior. Instead our
results serve as an input to the design process by identifying prev-
alent tendencies in our student community.

4. FINDINGS

Our findings are organized around two main areas: 1) the stu-
dents’ communicative ecology and 2) their publishing and view-
ing preferences for public display content. While the value of
potential content is straightforward, the contribution of the com-
municative ecology analysis is more subtle: by analyzing the cur-
rent communication portfolio of our target community, we try to
improve our understanding of how interacting places can com-
plement and/or enhance their current communication practices.

4.1 Students’ communicative ecology

Students’ communicative ecology is illustrated in Figure 1. We
organize our findings of the students’ communicative ecology
around the technological layer, by grouping students’ use practic-



es around the most prominent ICTs, i.e., social media (SNS), in-
stant messaging (IM), and email. For each of these we show how
they are used to connect with different social circles (social layer)
as well as what themes make the discourse (discourse layer). We
then present their ideas about the potential content for interacting
places.
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Figure 1: llustrative representation of the students’ commu-
nicative ecology

4.1.1 Social media and SNS technology

Not surprisingly, Facebook is seen as a leisure activity and a place
for very casual communication, one where there is no place for
‘serious stuff’ (11, 21, 3C, 71, 1E). Although Facebook offers sev-
eral communication channels, e.g., private messaging, chat, and
‘likes’, one of the most common activities is ‘lurking’, i.e., look-
ing at what other people are doing (11, 21, 3I, 41, 5, 61, 1E, 2E,
4E). Private messaging is used for a closed group of people (1C,
21, 31, 1E, 5E, 2C, 3C), i.e., friends. This channel is usually used
for people that are close friends, and in a similar fashion as email,
e.g., to organize meetings or share pictures. Group activity is or-
ganized through the ‘events’ channel. Students use it to organize
leisure activity within a smaller group (1C, 4C, 3l, 4l, 5I), while
some use it actively to promote commercial events in the vicinity
(3C). Lurkers use it to see social activities in the vicinity, e.g.:

21: [how does the student get informed about events] well, just
by being on FB I have the LU, I also get disco events... That's
usually, maybe yes, what usually comes to me perhaps a bit
more by FB [events info]

Another popular activity is ‘liking” and commenting. ‘Likes’ are
used as a quick feedback and to show content preferences for both
close friends and acquaintances (3C, 2C, 1E, 6E). Comments were
rated as ‘the activity’ Facebook is used for (4E, 5I).

4E: [activity with photos] and of course | always make com-
ments and things of this type.

51: [what do you use Facebook most for] ... to make com-
ments to the status updates and events.

While YouTube also offers social media functionality, most of the
students do not have an account. Instead, they use it strictly for
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consumption (2C, 2, 31, 1E, 2E, 3E, 5E, 4C). Most of the students
use Facebook to share videos found on YouTube (41, 71, 51, 3C,
4E). However, there are some that post content on it (21).

21: Yes, i use YouTube a lot, mostly because playing the pi-
ano, | upload my videos from concerts...

3C: Every now and then | watch [YouTube] something funny
so | put it on FB then people look at it and laugh.

Besides videos, students also share pictures from parties and other
events (2C, 3C, 4C, 11, 2, 3I) via Facebook.

Students also use other SNS and services, e.g., Badoo® (31),
LinkedIn (1C), Xing (1C, 4C), Twitter (11), SlideShare (1C), and
Tumblr? (3C), which for them serve a distinctively different pur-
pose from Facebook. Badoo is seen as an SNS where one can
meet new people who live in the user’s vicinity. This is different
from Facebook, where they prefer face-to-face contact before
adding someone as a friend. Twitter is used for a quick update on
the topics of interest, unlike Facebook that serves for quick update
on people (1B). SlideShare and Tumblr are used in a similar fash-
ion as YouTube, i.e., for consumption. However, SlideShare is
characterized as having professional content that provides a quick
view on a topic of interest, similar to Twitter, while Tumblr is
characterized as providing a very specific leisure content:

1C: SlideShare is basically a YouTube for Powerpoint presen-
tations... It’s really helpful if you want to get a fast perspec-
tive on things other than reading articles’

3C: Tumblr is a blog of pretty pictures ... | use it for photos |
like, that inspire me, or things that make people laugh ... in-
stead on Facebook where you put your pictures, you post here
the pictures that you like.

Xing and LinkedIn are professional SNSs. Some students separate
professional and leisure realms by having additional profiles on
Xing or LinkedIn (1C, 4C) while some have two Facebook pro-
files for the same purpose (3C):

3C: [...] I also have a page for my friends on FB, and a page
of FB for the school, because | do not want those at school to
see the life | lead with my friends.

4.1.2 Instant Messaging (IM) Technology

There are important differences in how students perceive SNS and
IM. While Facebook was characterized as leisure realm used for
very casual communication, Skype is used with a clear communi-
cation intention, ‘not just for the fun of it’ (21, 51, 1C, 2C, 5C,
4E).

41: [last time | used Skype] We discussed a test, oh no a
presentation that [my colleague] did last night...

2C: Skype is always when | need to call someone... and

when | directly need answers and replies.

4.1.3 Email

Students use email extensively on a regular basis in a similar way
as they use IM, i.e., with a clear communication intention (1I, 2I,
61, 2C, 4C, 5C, 1E, 2E, 4E). Some students use email for profes-
sional/work related communication (11, 21, 2C, 4E) while some
use it to keep in touch with their family and close friends (11, 2C,

! Badoo.com is a social networking site based in London, UK, and claims
to have over 130 million users (as of November 2011).

2 Tumblr.com is a microblogging and social networking site based in New
York City, NY, USA, and claims to have 15 billion posts (as of Jan.
2012)
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Figure 2: Content preferences from online survey. Using the most popular content items that emerged in the interviews, we asked
students to rate the suitability of a particular medium for each content type — both for posting it themselves (a) and for reading
others’ posts (b). We also explicitly asked about content that would not be suitable to post or read on public displays (c).

4C, 1E, 5E). To avoid the confusion between the two, students In particular, on their University email account students some-
have usually two email accounts to separate them (2C, 4C, 1E, times receive content that they are not sure if it is for them (1I,
4E). 2E):
4E: | use [my school email] exclusively for school only, most 11: University news, more than anything else | get in my mail
of the time | do not give the private email to my classmates [...] It seems like spam. Then there are the events, those con-
because | prefer it like that... ferences etc., where it is not clear whether it is for me, if |

have to go. | think we would need a central place where the
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faculty, those who send the internships, job offers, confer-
ences news... can go and publish them

4.1.4 Potential contents for interacting places
Complementing the data on actual practices, we also asked stu-
dents directly about the possible content that they could envision
for interacting places. Students’ responses varied from official
university events to global events from the world. We group them
in four categories: 1) Official University content, 2) cultural and
social events in the vicinity, 3) student contributed content, and 4)
non-local information that is topic oriented.

Official university content: Not surprisingly, students wanted to
see faculty schedules, classroom locations, important administra-
tive deadlines (e.g., enrollment and exam registration deadlines),
grades, and invited lectures (11, 2C, 3C, 2E, 3E, 4E). This type of
content is very similar to what can be found at the University’s
public notice boards.

3E: [...] this is basically information what is going on at
LU...okay for sure important deadlines...also like activities,
what’s going on at the university, invited lectures, if there is
classroom change, things related to what is going on the cam-
pus actually.

Cultural and social events: Students wanted to be informed about
cultural events in the vicinity, e.g., about concerts, festivals, and
museum exhibitions (1E, 2E, 4E, 5E).

5E: Information about the events that we have in Lindalino, in
Luggnagg... all these things here, what clubs are
here...maybe, | don’t know, festivals...

Some of the students would also like to get information about
student organized social events, e.g., parties or barbeques (11,
31, 1C, 2C, 1E, 3E, 4E) that would bring up the opportunity to
meet students from different faculties outside the university
premises (4E). For social events, some students would like the
possibility to see who is attending them (similar to Facebook,
11).

4E: [...] the possibility of meeting between the faculties,
maybe for a drink so you see the people as they are outside...
it would be interesting to see maybe the last event, more than
anything else something cultural...

Content contributed by students: Students would also like to have
the possibility to publish their content on the displays. This con-
tent would include classifieds (11, 1C, 5C) but also the above-
mentioned possibility to announce events organized by the stu-
dents. What we have observed in the interviews is the students’
desire to get in touch with other students and socialize, especially
between the faculties, but also to get in touch with the professors
(5E, 4E).

1I: [...] something like a social event or a publication for
those looking for a home, that too, not a bad thing.

Topical content: Students wanted to get information relating to
their field of study, but also something broader, e.g., news (71, 1E,
2E, 3E, 4E, 4C). Students also associated the term ‘discussion’
with these topics, i.e., they felt like this would bring interaction in
the actual physical space.

2E: Current actual topics also ... like what is happening
around the world... something on the economy, if something
happens, that oil goes up or down or so, and certainly there
would be people to discuss this.
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4.2 Public display content preferences

In order to better understand how the public nature of “interacting
places” would affect the communication practices of students, we
sent out an online survey to several student mailing lists, having
about 1500+ subscribers. The survey asked participants to rate
certain content items with respect to their suitability for both post-
ing and receiving via public displays, social networks, email, and
IM. Content items were grouped into two categories, “official”
and “personal”. As survey participants would not have been intro-
duced to the idea of interacting places before, we illustrated the
concept and the envisioned interaction with the displays with a
picture story that described a short scenario within a university
context. In total, we received n=76 completed surveys. The survey
results are illustrated in Figure 2, listing the responses for the 3
most popular channels that emerged during the interviews: public
displays, SNS, and email.

Overall, as seen in Figure 2-c), content types that students would
like (and would not like) to view and post are very similar. Figure
2-c) also shows a clear tendency: students would prefer to use
public displays to share and view content that connects to the
community and its interests, e.g., news about upcoming scientific
events (62% would post it, 37% would view it — P for posting and
V for viewing percentages from now on), class relevant material
(P 59%, V 56%) and personal class project information (P 55%, V
41%), or upcoming cultural events (P 54%, V 38%). On the other
hand more personal content is not desirable for publishing and
viewing on public displays, e.g. pictures from last night’s club-
bing (P 13%, V 12%), comments on personal photos (P 5%, V
9%) or personal status updates (P 5%, V 9%). Most of this type of
content would stay at SNS, the predominant channel for sharing
and viewing personal content. This is reflected in the right part of
Figure 2-a) and b).

However some personal posts that relate to community’s interests,
e.g., personal social events (P 52%, V 43%), personal advertise-
ment/classifieds (P 45%, V 46%), personal advertisement of an
extra curricular activity (P 44%, V 38%), personal pictures from
recreational LU event (P 47%, V 39%), or personal pictures from
official LU event (P 44%, V 34%) would be acceptable/desirable
for viewing and sharing through public displays. This is illustrated
in Figure 2-a), b) and c).

5. DISCUSSION AND REFLECTION

We now reflect on and discuss our findings with respect to our
initial goals of deriving guidelines for both the channel and the
content of interacting places, by focusing on ICT channel selec-
tion and on content production and consumption.

5.1 Channel selection

Students make a difference between how they use SNS on the one
hand and IM and email on the other. SNS are predominantly used
for leisure communication (e.g., Facebook, YouTube), while IM
and email are used for more work-oriented activities. Some stu-
dents have two email accounts or two profiles on the same SNS in
order to separate work and leisure. We can say that students make
a clear channel selection depending on leisure or work use.

Students also choose ICTs according to the recipient of the mes-
sage. In general, Facebook is used to address a larger audience.
IM and SNS private messaging are instead used to address a ra-
ther closed group of people, e.g., family, friends, and colleagues.
We can say that students choose ICTs depending on the addressee
of the communication.



There is also a clear difference between the type of information
students seek from different ICTs. For example, Facebook was
characterized as providing ‘people information’, while Tumblr
and YouTube were characterized as having leisure content and
SlideShare as providing a quick update on topic of interest. Stu-
dents thus choose their channels also based on type of information
they seek, i.e., they are looking for the appropriate source of in-
formation.

Channel selection and appropriate information are also reflected
on public display content. From our survey we can see that while
SNS is selected as a channel for more personal content public
displays are selected as a channel that addresses community and
its interests.

5.2 Content production and consumption
Students produce a diverse set of digital content. They like to
make photos on birthday parties, while going out, or while travel-
ing. They also like to share the photos through Facebook and
email. Students also like to discuss with their colleagues things
they do as well as to express their preferences towards the content
of others. Last but not least, they send out invitations for various
social events.

On the consumption side, students seek updates on people (Face-
book), professional topics (Twitter and Slideshare) and leisure
topics (Tumblr and YouTube).

Based on survey results for what type of content students would
like to post on public displays we can see that some would come
from their class related activities, e.g., personal class project in-
formation (55%) and class relevant material (59%), while some
would come from various events around campus, e.g., personal
social events (52%), upcoming scientific (62%), personal pictures
from recreational (47%) and official LU events (44%). Similar
trends for content consumption, i.e., viewing, can be seen in Fig-
ure 2-c).

6. INTERACTING PLACES GUIDELINES

Based on our above reflections, we derived a set of guidelines for
designing networked public display channels and the correspond-
ing content for creating interacting places. Our guidelines offer
three implications for the channel and four implications for the
content. These guidelines aim at 1) enhancing communication
from the University to students, and 2) improving communication
among the students.

6.1 Channel

As defined in the introduction, an interacting places channel is an
application that acts as a uni- or bidirectional medium/carrier for
transmitting multimedia content to its intended audience through
networked public displays. In other words: each channel has a
source of content that needs to be delivered to the appropriate
audience. In the following, we group our guidelines along three
aspects: 1) guidelines for content sources, 2) guidelines for sepa-
rating sources according to different realms they represent, and 3)
guidelines for how to address the audience.

6.1.1 Source

With current ICTs, e.g., IM, email, and even in SNS, e.g. Face-
book, source and addressee are explicit. Students see sources as
services that provide topic specific content, e.g., YouTube — lei-
sure videos; Twitter and SlideShare — information of interest;
Flikr and Tumblr — photos taken by professionals; and to certain
extent Facebook — people information. Other ICTs, in contrast,
provide individual content that clearly comes from conscious
communication acts, e.g., messages that come through emails,
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Facebook’s private messaging, or IM. Even though all of the con-
tent is “user generated”, topic specific content is often character-
ized as if it was generated by the service.

In the context of interacting places, this implies that the source of
the content for each channel has to be clear. Thus, when con-
tent is coming from university administration, a service-centric
view should be communicated, while user recommendations or
discussion items must retain their individual character. To main-
tain such distinctions on a shared, immobile display that has mul-
tiple channels running a strong representation of the information
source should be used, e.g. a dedicated logo (YouTube or
SlideShare) vs. a person’s avatar. This is even more important for
channel representation within a display network: while one could
get used to the channel arrangements on a single display in his
own setting (e.g., Faculty of provenance) spotting the appropriate
channel while moving through the real world (e.g., different build-
ings on campus) would be much easier if the channel source has a
clear mark.

6.1.2 Separation of realms

Students make another clear separation based on the type of con-
tent they can find/get on a particular SNS, i.e., is it profession-
al/work oriented or leisure content. For example, students see
Facebook, YouTube, and Thumblr as providing leisure content
whereas SlideShare and Twitter are seen as providing more pro-
fessional/work-oriented content. They do not appreciate if differ-
ent type of information comes from a content source than the one
they are expected to receive. An example of such information
crossover is LU’s official communication done through Facebook:
students found it quite intrusive since Facebook was seen as a
source that provides casual/leisure information and not ‘serious
stuff’. In order to separate the two realms, i.e., work and leisure,
some students opt for having two Facebook accounts.

Interacting places should make a clear separation between
channels that provide professional and those that focus more
on leisure content. For example, one channel could be used to
provide information about professional oriented events published
by the university while another channel could be used to provide
information about social events contributed by students. Different
on-screen zones (ticker tapes, sidebars) and designs (professional
vs. playful) can help with differentiating such channels. Realms
might also differ according to the time of the day, e.g., leisure
content would be displayed during lunch breaks, while in the
morning professional information would be in focus. Also display
location could influence the amount of professional or leisure
content, e.g., more work oriented content could be displayed in
libraries while displays located in the University canteen could
have more of leisure content.

6.1.3 Addressee

While IM and private messaging recipients are explicitly ad-
dressed, SNS and topical services such as YouTube and Twitter
do not explicitly specify recipients. Instead, users pick from a
large set of public content. This illustrates two main modalities of
choosing the addressee: either the message finds the audience
(email, IM), or the audience finds the message (e.g., YouTube).
Intersections are of course also possible (e.g., restricted wall posts
on Facebook).

In the context of interacting places, addressing is usually implicit
and serendipitous: even if we can guarantee that the intended au-
dience is in the vicinity of a display when delivering the message,
we can neither ensure that the (all of) the audience notices it, nor
can we prevent others from potentially seeing it. This implies two



strategies: we should support both serendipitous and implicit
information discovery. Serendipity can be supported by context-
aware channels that are able to deliver information close to the
intended audience, e.g., using client positioning [32] or check-ins
[12]. Implicit information discovery supports information discov-
ery by passers-by through explicit classification of information,
e.g., through badges. For example, a message about an upcoming
seminar could have a badge that specifies the faculty for whose
students it might be of interest.

6.2 Content

Based on the analysis of students’ communicative ecology and
follow-up survey, we see 4 possible groups of content: 1) content
contributed by the students, 2) official university announcements,
3) content that promotes cultural and social events in the locality,
and 4) content that comes from already existing sources and re-
lates to students’ professional and personal interests.

Following our previous work [24], we can further group this con-
tent along three functional layers: 1) content that connects the
local community, i.e., student contributed content and official
university announcements, 2) content that connects different local
communities, i.e., content that promotes local events, and 3) con-
tent that connects physically separate communities, i.e., content
that comes from non-locally sourced services.

6.2.1 Local Community Layer

Student generated content: Examination of students’ communica-
tive ecology revealed that students generate content from leisure
activities (e.g., photos from events) as well as from more profes-
sionally oriented ones (e.g., piano playing). In our survey students
expressed interest in posting and viewing similar types of content:
they were interested in 1) class related material (P 60%, V 56%)
and personal class project information (P 55%, V 41%), 2) pic-
tures from recreational (P 47%, V 39%) and official LU events (P
44%, V 34%), and 3) personal advertisement (P 45%, V 46%).
Networked public displays should provide the place where stu-
dents post all three types of information. This could stimulate
social interaction and would provide the opportunity for the com-
munity to express itself locally [2].

Student organized events: Another noticeable activity supported
through ICTs is event organization. Students organize their social
events through Facebook or email. The possibility to see and
post student-organized events was highly rated in our survey (P
52%, V 42%). By promoting their own events (e.g., parties or
hikes) through a display network, students could attract outside
members in the locality and increase the connection with local
communities and students from other faculties.

Official university announcements: When official University in-
formation arrives through email it is seen as spam and when it
arrives through FB it is seen as intrusive/invasive of one’s private
space. This was also reflected in our survey: public displays came
in front of SNS and email as the channel for viewing this type of
content (PD: 37%, SNS: 27%, email: 24%). Also scientific events
at the University were the most desirable content for posting on
public displays (62%). Interacting places should represent a ded-
icated place where students would find official University an-
nouncements, and where it would be accessible according to
one’s availability.

6.2.2 Local Connectivity Layer

From our study emerged that most of the student meet outside of
school and mainly during events organized in the vicinity. Such
off-campus events also provide the main opportunities for cross-
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faculty student interactions. Upcoming cultural events in the lo-
cality were also marked as a desirable content for public displays
in our survey (P 54%, V 38%). Including off-campus event in-
formation in interacting places would thus be quite relevant:
pushing this type of content onto a University display network
could improve connections between the various University com-
munities, but also reach out to other communities within the city
and the region, e.g., through advertising cultural events, e.g., art
exhibitions or sport activities.

6.2.3 Remote Connectivity Layer

An often-expressed (but hardly novel) desire for future networked
displays content was to show topic-based news (e.g., recreation-
al, scientific, world affair). Students pointed out that ‘certainly
there would be people to discuss this’ (2E), i.e., such information
could stimulate community interaction — an effect known as ‘so-
cial triangulation’ [8], [25]. News could easily be pulled from
existing Web sources.

6.3 LIMITATIONS

Our design guidelines are based on a small sample of students,
and thus may offer only a very limited perspective that does not
generalize well. However, our results confirm and extend similar
prior studies on ICT use, indicating that they may also apply to
other university communities.

7. CONCLUSION

We believe that interacting places, i.e., public spaces that connect
communities through a networked public display channel, could
play a significant role in the community building process by pro-
moting awareness between members of the local community.
Triggering this process will require adequate communication
channels that offer appropriate types of content. We are investigat-
ing this in the context of a university community, which allows us
to both limit the problem while retaining cross-community validi-
ty.

Building on top of current ICT user practices is an important start-
ing point for any novel technology that is going to be used by
communities [2], [7], especially since it has to fit in within the
existing ICT portfolio [13], [35]. For this reason we have con-
ducted a qualitative study on students’ communicative ecology
with respect to today’s ICT, i.e., email, IM, and SNS. This will
allow us to build on top of them and ‘tap into everyday communi-
cation’. While finding the appropriate communication channels
will serve as an initial motivation for system adoption [43], hav-
ing the right type of content that will foster community interaction
will help drive it [16], [41]. Our findings helped us understand
channel features as well as the type of content we should provide.

We derived three types of guidelines for designing interacting
places channels: 1) guidelines for content sources, 2) guidelines
for separating sources according to different realms they repre-
sent, i.e., work and leisure, and 3) guidelines for how to address
the audience, i.e., the addressee. Regarding content we identified
three layers: 1) content that connects the community within, 2)
content that connects to other local communities, and 3) content
that connects with remote communities. These layers could be
filled by drawing on 4 types of content: 1) content contributed by
the students, 2) official university announcements, 3) content that
promotes cultural and social events in the locality, and 4) content
that comes from already existing sources and relates to student
interests.

We believe that our guidelines will increase the chances of suc-
cess when designing interacting places for university communi-



ties, and enhance students’ awareness of being part of the com-
munity. We are currently developing initial channel applications
based on these guidelines and plan an initial on-campus deploy-
ment in winter 2012.
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Abstract

Networked public displays have the potential to become
a new and powerful communication medium. This novel
communication medium can be used to foster
community interaction, i.e., a “sense of community”
through improved social interaction. To assure the
prosperity of networked public displays within
communities this position paper examines some of the
factors pointed out by the literature that might lead to
adopting the novel medium. We find that these factors
are (1) community structure, i.e., the number of strong
and weak ties in the community; (2) uncovering and
supporting community ethos, i.e., representing them on
a display; (3) determining adequate communication
channels to communicate with the display, and (4)
creating a community beacon, i.e., a central place
where community members and outsiders can learn
about the community. These factors can be used to
inform the design of networked public display
applications that aim at stimulating community
interaction.

Author Keywords
Networked Public Displays, Community Interaction,
Design



ACM Classification Keywords
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Introduction

Public displays have been used as a tool that stimulates
sense of community and improved social interaction,
i.e., community interaction [19], [20], for a long time.
Even before digital displays were available traditional
notice boards have been used as a ‘place’ for
community discussion: service offers, items to sell, or
community event advertisements are common
elements of public notice areas (PNAs). The PNA’s
overall content makes a central place where community
values and activities are displayed [1]. Although PNAs
represent very primitive technology they are still able
to foster the notion of a community.

Technologically more advanced representatives come in
the form of digital displays. For more than a decade
researchers have been using them to foster community
interaction in a variety of settings ranging from urban
public spaces [21], company office space [5] to more
leisure ones like a coffee shop [13], local grocery store
[27], or a post office [28].

Due to the significant price drop of LCD screens and the
World Wide Web it is not hard to imagine that globally
networked public display systems will soon become a
novel communication medium [6] thus making systems
that foster community interaction appear everywhere
[18], [17]. To assure their wide acceptance this
position paper analyzes previous work on public
displays and communities and present factors that
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influence their adoption as a communication medium.
We identified four factors that lead to it.
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Figure 1 Community Structure, Ethos, Communication
Channels, and Community Beacon as Adoption Factors
for Networked Public Displays

The first factor is the community structure within
display’s location. Public display technology might have
different success depending on the social relations
within the community, i.e., on the ratio between weak
and strong ties between the community members [23].
The second factor is recognizing community ethos, i.e.,
recognizing the values shared between community



members [2], p. 2., that should be shown on a display.
In order to allow community members to publish on a
display and represent their ethos appropriate
communication channels should be uncovered, assuring
they complement community’s communication practices
[22]. By uncovering appropriate communication
channels community members will be able to contribute
to a display and create a community beacon, i.e., a
central place where community ethos are displayed. In
turn this will support legitimate peripheral participation
[29], p- 9, i.e., learning about the community without
direct participation by observing display content. A
structured display of these factors is illustrated in
Figure 1.

Of course, these factors are not definite and are just a
first step towards better understanding of the
ingredients that lead to adoption of networked public
displays within communities.

Community Structure

Among the first to reveal the connection between
community structure and technology adoption were
Pickering and King [25] who were looking into Internet
appropriation/acceptance within a workplace
community. They note that communities comprising of
members that are seeking to establish and maintain
weak social relationships will accept new information
and communication technologies faster than
communities that do not have this type of members.
Similarly, recent study by Nielsen et al. [23] shows that
community structure determines the level of impact
social software can have on intra-community cohesion.
Their study revealed that communities with a (1) loose
organizational structure, sufficient number of weak ties,
and a number of key members that will drive the
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system usage in the beginning are more likely to adopt
technology that tries to increase community interaction
than (2) communities with a number of strong ties and
steady organizational structure (the strength of a social
tie is determined by the amount of time, emotional
intensity, intimacy and reciprocal services that
characterize the tie [7]).

Although the above mentioned technologies didn’t
include public displays we can find evidence of similar
findings within public display realm: Izadi et al. [10]
point out the need for a number of strongly motivated
initial users that will spark community interest in the
system’s use, while McCarthy et al. [14] indicate that
users with strong feeling of belonging within
unorganized community are more likely to adopt the
technology.

However, so far community structure has not been
considered as a factor for technology adoption in
studies on public displays that foster community
interaction. Some deployments were made in settings
that should have had enough number of weak ties,
e.g., academic settings [9], [10], [15] and working
environments, [5], [8], [13], [26], while for the other
settings like neighborhood and rural village community
hubs [27], [28] and ‘third places’ [4], [14] like coffee
shops, the number of weak ties could have been lower.

Recognizing Community Ethos

Defining a community and its needs is a challenge: as Obst
et al. [24] note in 2004 there were 94 definitions of
‘community’ in 1955. The same can be said for public
display systems that support community interaction. The
importance of co-realizing the (public dispay) system with
the community for whom the system is being built has



been stressed throughout prior research [10], [11], [27],
[28]. Without gaining insight and understanding a
particular community’s needs and uncovering their ethos
[2], p- 2, the system is not likely going to be supported by
the community. The plethora of ethos may vary from
valuing community’s history [11], [28], staying in touch
with activities inside an organization [5], [8], [13], [26],
learning about the world outside the community
boundaries [11], or bringing people closer in a leisure
spaces [4], [14].

Finding Appropriate Communication
Channels

Bacon [2] and Wenger et al. [29] best capture the
importance of finding appropriate communication
channels in their books. Even though they are
discussing the channels through the practitioner’s
perspective their insights are highly valuable: it is of
essence to find the best communication channels for
the community’s prosperity.

Current public display research points out that these
systems need to be built on top of existing behavior
and practice [22]. Getting community members to
learn a new pattern to perform an existing habitual
action will most likely not work. An alternative solution
would be to offer direct and indirect interaction with
displays that also supports a variety of techniques and
devices, thus allowing users to choose the interaction
technique that they feel most comfortable with [9],
[10].

Offering a wide range of communication channels goes
along with the research of Wenger et al. [29] who

mapped community communication channels according
to nine community ethos. Indeed, it may seem that the
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solution lies in covering a variety of devices and
techniques thus offering freedom to users to choose the
channel of their choice. However this may very well
leave the community members wondering which
channel to use.

Even with the appropriate channels in hand it may be
necessary to promote these systems with an event
explicitly organized around it to help to jump-start its
acceptance [28]. The promotional event could help
people overcome their fear of embarrassing [3]
themselves by knowing that it is new and that others
also do not know how to use it.

Creating a Community Beacon

By showing community ethos at a public display the
display becomes a community beacon, i.e., a central
place where community values are displayed. It serves
as a beacon to community members emitting their
values in the space.

This is very similar to Beacon’s [2] notion of outgoing
channel that is used to share the community news or
stories of success to the outside world, i.e., to spread
information indirectly. The community beacon also
allows what Wenger et al. [29] call Legitimate
Peripheral Participation, i.e., learning about community
and their ethos and activities from the periphery
(without direct involvement). LPP is similar with online
‘lurking’ [12], a behavior of visiting sites that are social
in nature without getting engaged in them but
discussing their content offline. LPP gives an
opportunity for non-community members to acquire
information about the community from their own
comfort zone. Also people who remain on the periphery



can spread the word about the community in a similar
fashion as people do by ‘lurking’.

One thing to be noted is that in the case of public
display systems community beacons have to come
already filled with content [28] to avoid ambiguity [16]
and pose clarity of what can and can not be published
on the display. They should also have the ability to
transform and adapt dynamically to present
communities.

Conclusion

To assure the prosperity of the novel communication
medium - networked public displays - We analyzed
literature on current public display systems and
communities in order to uncover factors that lead to
adoption of this technology. We find that these factors
are (1) community structure, (2) recognizing
underlying community ethos, (3) finding appropriate
communication channels, and (4) creating a community
beacon. The four factors can be used to inform the
design of networked public display applications that aim
at stimulating community interaction.
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1

The urban landscape is getting “painted” with large public screens: from streets across
small cafes to building facades we can find digital displays showing street maps, res-
taurant menus, or latest brand advertisement [10]. Although most of public displays
represent singular installations that run locally stored power points or images, it is not
hard to imagine that they will soon be connected and networked over the Internet [3,
15, 16]. Networked and empowered with additional sensors such as cameras net-
worked public displays will constitute a novel and powerful communication medium
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Abstract. Large public displays are becoming a ubiquitous resource in the ur-
ban environment. Interconnected over the Internet these hitherto isolated “ad
displays” could become a novel and powerful communication medium — net-
worked public displays. One example for such a novel type of communication
is their use as community tools. Scattered across the urban landscape and
equipped with additional sensors, such as cameras, they provide the opportunity
for local community members to take images of themselves and leave their
“mark” in the setting, e.g., on their way to school, work, or meeting with
friends. In order to understand the potential of posting situated snapshots on
networked public displays in the context of place-based communities we de-
signed and developed the Moment Machine — a networked public display appli-
cation that allows one-click photo capture. In this paper we report on identified
opportunities and challenges emerging from 6 user trials in the wild at 2 loca-
tions.
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Introduction

for the 21 century [3].
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Dispersed across the urban landscape and embedded in the setting, they offer an
opportunity to connect local community members, e.g., by having them support pic-
ture taking and sharing across the display network. For example, a school kid on
his/hers way to school could be capturing images with his friends on a network of
public screens, a group of teenagers could take photos while they are out-and-about
on a Friday night, while adults with jobs could be taking photos to and from their way
to work.

By taking images and leaving them in the settings (1) community members will
express themselves and will leave their “mark”. In return the photos taken by people
in display locality could (2) stimulate community awareness by providing information
on “who is around”. They could also (3) enrich their locality and provide insights into
other locations through photos captured in different environments, thus stimulating
one of the human needs in public spaces: the need for discovery of new features and
places [12].

As part of an ongoing “Screens in the Wild” research project [18] and in order to
better understand the implications of posting situated snapshots onto networked pub-
lic displays in the context of place-based communities we designed and developed
Moment Machine — a networked public display application that allows one-click on-
display photo capture. The Moment Machine is described in detail in section 3, right
after the related work section (section 2). Our study design is summarized in section 4
where we describe six user trials “in the wild” at 2 locations where we conducted 55
interviews with passers-by. We present findings from our study in section 5, orga-
nized around (1) possible motivations for posting situated snapshots onto networked
public displays, (2) discussion on where the images could be displayed once they are
taken, and (3) challenges in promoting and sustaining their use. Finally we provide
concluding remarks in section 6.

2 Related Work

Research on networked public displays has seen its pioneering work in the early 80s
where one of the prominent examples from that period is the ‘Hole in Space’ [5], a
project that connected two urban spaces in New York and Los Angeles through a
video link. Connected Urban Spaces [4] and Telectroscope [20] are examples of simi-
lar and more recent projects.

In more recent years work in the area has shifted from creating simple video links
between two places into creating more interactive multimedia applications [2, 13] and
how they can enrich urban spaces and promote community interaction and place
awareness [11]. For example, Alt et al. [1] investigated how networked public dis-
plays can support exchange within urban communities by creating a digital version of
traditional/analog notice boards.

The work of Ojala et al [16], Hosio et al. [6], North et al. [15], Peltonen et al. [17],
and Taylor and Cheverst [19] falls closest to the work described in this paper as they
have investigated how images can be used on networked public displays. Ojala et al.’s
UBI-Postcard allows passers-by to take photos using a camera attached to a display.
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Once the photos are taken users can send the photo to an email address. Hosio et al.’s
Ubinion similarly used public displays as input devices: young adults/teenagers could
use them to create posters with speech bubbles that would represent their concerns
about the city of Oulu. Posters created on displays (i.e., a network of displays) would
be posted on dedicated Facebook and Twitter accounts. While UBI-Postcards and
Ubinion used displays as input devices, Taylor and Cheverst’s Wray Photo Display
showed images uploaded from a dedicated website (images were uploaded by Wray
villagers). Similarly, Peltonen et al.’s CityWall display showed user-contributed im-
ages from Flickr tagged with a specific tag. In the same manner North et al.’s
ScreenGram shows images from Instagram with a predefined hashtag on a display
network.

While all the above work used public displays for either taking the images [6, 16]
or showing them on networked displays [15, 19] the study described here is the first
one that used networked public displays for both. Also, our work complements the
current body of research on networked public displays by (1) describing possible
motivation for taking and posting situated snapshots onto public display networks, (2)
discussing where could the images be displayed once they are taken, as well as (3)
summarizing challenges in promoting and sustaining their use.

3 The Moment Machine

The Moment Machine is a networked public display application that allows passers-
by to simply capture their everyday moments by taking an image through a display
and spreading it across the network. The Moment Machine’s user interface is shown
in Fig. 1-a. Its simple user interface was inspired by previous research that showed that
passers-by do not spend a lot of time looking at public displays [7] and that live video
feed represent a good mean for getting their attention [14]. For this reason we show a
live video feed (1 in Fig. 1-a) and allow passers-by to take an image by simply press-
ing a button (3 in Fig. 1-a). Users can also change the “look™ of their snapshot by se-
lecting a filter before they take a photo (2 in Fig. 1-a), somewhat similar to the popular
social media application Instagram [9]. In order to give the passers-by enough time to
prepare themselves, image capture is delayed by five seconds, which is indicated
through a countdown timer appearing instead of the “hands” button (2 in Fig. 1-a).
Once the moment is captured users have thirty seconds to decide if they want to leave
the moment on a display (shown in Fig. 1-b). After that the moment appears on the
screen and across the display network (4 in Fig. 1-a). Passers-by also have the possi-
bility to browse through moments captured at all locations (4 in Fig. 1-a).

4 Study Design

In order to uncover the potential of posting situated snapshots onto networked public
displays we conducted six user trials “in the wild” at 2 locations in London, i.e., Wal-
thamstow and Leytonstone. Both locations had a display in a public urban setting
provided by the “Screens in the Wild” project [18] and were connected thus making a
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small display network ideal for technology probing [8]. User trials were conducted
between 12AM and 5PM on working days. They lasted between 2.5 and 4.5 hours and
partially overlapped. In total we conducted of 7.5 hours of trials at Leytonstone and
10.5 hours of trials at Walthamstow. Because the goal of the study was to “probe” and
understand the implications of taking situated snapshots on local community members
we decided to invite users to interact with the Moment Machine.

McmentMachine

Fig. 1. The Moment Machine: a) user interface and b-c) passers-by interacting with it.

During the trials we conducted 55 interviews (27 individual and 18 group inter-
views) with 71 people who interacted with the Moment Machine. At each location
there were between 1 and 3 researchers who invited passers-by to interact with it.
Passers-by were asked to take a photo and browse through existing ones on the dis-
play. After taking the snapshot researchers conducted semi-structured interviews and
asked the participants about their general impression of the Moment Machine, e.g.,
would they come back to take more photos and browse through the ones shown on a
display, and where they would like to see the images appear. After conducting the
interview researchers wrote down the notes with some verbatim.

5 Findings

After collecting all the data we conducted an affinity diagram analysis and catego-
rized the data, focusing on (1) possible motivations for taking images through net-
worked public displays and leaving them in urban settings. We were also interested in
(2) uncovering other digital places where the images could appear, e.g., Facebook or
personal email as well as (3) understanding the challenges in promoting and sustain-
ing the use of the Moment Machine application.
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Each interview received an identifier comprising from the first letter of the location
(L - Leytonstone, W — Walthamstow) and a sequential number of the interview, e.g.,
L01 would be the first interviewed person/group from Leytonstone while W04 would
be the fourth interviewed person/group from Walthamstow. Considering the qualita-
tive nature of our study our results are not intended as statistical evidence for ex-
pected behavior. Instead our results serve as an input to the design process by identi-
fying potential tendencies of passers-by.

We first describe possible motivation for taking situated images and effects of
posting them in urban settings, then we discuss where could the images taken through
networked public displays appear, and in the end we present some of the challenges in
sustaining their use.

5.1 Motivations and Effects

One of the possible reasons why passers-by would take images and leave them on
public displays would be to “capture everyday life” (L04). For example, L06 stated
that he would simply take pictures while going to or coming back from his work.
Similar comment was received from L12 who said that he would take images on his
way to and from school. Although we ran six user trials “in the wild” on arbitrary
days this type of behavior was somewhat confirmed as we did get 3 returning users
(L12, W18, W19) who brought additional participants to the display.

Taking images of oneself alone or in company of friends and family is another rea-
son (W12, W13). This is also reflected with types of images people would like to see
on public displays, i.e., images of people they know and have seen in their locality.
As W12 points out “It is interesting if there is a photo of someone | know.” As men-
tioned previously, the Moment Machine was tested in settings where displays were
already running scheduled content. As interviewees from L01 point out “[we] will
now pay more attention to the screen... [because we] expect to see images of people
from Leytonstone [where they are residents] and our friends from Walthamstow.”
Similar comments were received from W31 who was commenting on people in the
images “I know him... he lives there... he has a store...” Seeing images of people
from the locality can bring up community awareness, i.e., who is around the neigh-
borhood. This was explicitly stated by LO5 and L13. However this type of communi-
cation can go even further and target individuals. For example, when capturing the
moment W29 made a heart symbol with his hands. When asked why he did it he said
that it is a sign between him and his girlfriend who was at work.

Another reason for taking the images would be getting “5 minutes of fame”. This is
best captured by tongue-in-cheek shouting from two young girls “We are going to be
famous!” Similarly, while a girl from L19 was taking a picture a man passing-by stat-
ed “Look, you’re famous!” when he saw her picture on a display. Also, L16 stated
that she likes that people can see her, while W17 was fascinated that people can see
him at Leytonstone. Another benefit from capturing the moments outside would be to
actually spend time in the physical environment. As L13 points out “Kids these days
spend too much time in front of the computer, this might get them to play outside.”
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Mashing of images/moments from the 2 locations can lead to universal connec-
tions, or “universality” as stated by L15. She liked the universality of the machine and
that everyone can get connected and mashed through the Moment Machine.

In general people were interested in seeing images from the “other” location, thus
reflecting the need for discovery of new features and places [12]. For example, the
two people from LO1 showed their interest in the Moment Machine application be-
cause they were from Leytonstone and had friends in Walthamstow. However, W11
from Walthamstow said that “[I] know the place [Leytonstone]. | don’t know the
people who live there.” Because he did not know people from Leytonstone he was
indifferent to seeing images from it. This shows that displays could connect to loca-
tions where users have friends/family/acquaintances, e.g., by harvesting a Facebook
profile form users in the display vicinity.

While some people wanted to get more information from the other location, e.g., a
live video feed (L09), others (W29) were concerned with this stating “I don’t want
just to spy on others through a website which connects me to cameras” and favored
the asynchronous connection through images which allowed them to browse on their
own.

5.2 Where Should the Images Appear

While most of the participants were comfortable to take the photo and leave it on
displays, some wanted to know where will the image appear before taking the photo
asking “Is it gonna stay here?” (L17, W14)

When we asked the participants where else would they like to see the images we
received two types of answers: (1) either seeing them on a Facebook page, email, or
dedicated website (18/26 participants) or (2) leaving the images to stay on the display
(8/26 participants). Some of the participants did not see the point of leaving the image
on the network unless they could “take” the moment with them. This is best captured
by L14 who asked for her image to be removed since she could not take it with her.
Interesting insight is also offered by L17 who wanted to get a printout of her photo —
this was preferred method over email. In essence this finding points out that net-
worked public screens maybe need to be better connected with users “communicative
ecology” [13], i.e., with current information and communication technologies such as
Facebook and email.

On the other hand we also had participants who were satisfied with having the im-
ages appearing across the network, i.e., they did not want them to appear anywhere
else: “absolutely not” stated L15 when asked if the images should appear somewhere
else. She liked that the images are staying at the “machine” as they are “just capturing
moments of everyday life.”

5.3  Challenges in Promoting and Sustaining Use

One of the most prominent challenges in having people interested in interacting
with the Moment Machine was scalability, i.e., the number of displays deployed in the
urban space that run it (L07, W13, W34, W36). For example W13 points out that
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there are only two locations now that have this type of application while W36 stated
that networked screens have to have a bigger scope and purpose.

Some of the challenges are posed by the urban environment that changes during
the day. The research team noticed that when it was too bright it was hard to notice
the video feed and participants had difficulties in understanding what is wrong and
where they should position themselves to take the photo. Additional problems with
positioning can be caused by camera placement. For example, some of the partici-
pants at Walthamstow had problems in positioning themselves to take a desired snhap-
shot, e.g., a portrait. The camera used for photo taking was attached to the right side
of the screen so if participants wanted to take a portrait they would have to look at the
camera. However, some participants found this difficult and looked at the live video
feed instead. Similar problems can be caused by the positioning of the screen itself. In
order to make the user interface reachable to kids we intentionally made the buttons a
bit lower. At Leytonstone the display is positioned a bit higher and both kids and
adults did not report any problems interacting with it. However, W31 at Walthamstow
commented that it is not comfortable to bend down in order to browse the photos.

Although the purpose of the application was clear to most of the participants, some
had difficulties and questions regarding its purpose (L09, W26, W31, W34). A possi-
ble solution for this challenge would be to have a more obvious message on ta dis-
play, e.g., “Capture your daily moment” or “Strike a pose for the world!”

Finally some of the participants mentioned that the Moment Machine could benefit
from adding new features (L09, W31, W33, W34). Some of the suggested features are
relatively easy to add, e.g., adding the number of overall images that were taken
(W31) while others are more sophisticated, e.g., adding image manipulation and abil-
ity to play with the background image (L09, W34). Adding new features could lead to
users staying interested in the application, as suggested by Memarovic et al. [12].

6 Conclusions

In this study we used technology probe based approach to understand how posting
situated snapshots on networked public displays could be beneficial for place-based
communities. For this purpose we designed and developed the Moment Machine ap-
plication and conducted 6 user trials “in the wild” at 2 locations in London. Our find-
ings from observing 71 people interacting with the Moment Machine and conducting
55 interviews are promising and show that networked public displays can be used by
local community members to capture images “on the go.” In this paper we reported on
(1) potential motivation for and effects of posting situated snapshots onto networked
public displays, (2) where the images could be displayed once they are taken, and (3)
challenges in promoting and sustaining their use.
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ABSTRACT

In this paper we present our findings from a lab and a field
study investigating how passers-by notice the interactivity of
public displays. We designed an interactive installation that
uses visual feedback to the incidental movements of passers-
by to communicate its interactivity. The lab study reveals:
(1) Mirrored user silhouettes and images are more effective
than avatar-like representations. (2) It takes time to notice
the interactivity (approximately 1.2s). In the field study, three
displays were installed during three weeks in shop windows,
and data about 502 interaction sessions were collected. Our
observations show: (1) Significantly more passers-by interact
when immediately showing the mirrored user image (+90%)
or silhouette (+47%) compared to a traditional attract se-
quence with call-to-action. (2) Passers-by often notice inter-
activity late and have to walk back to interact (the landing
effect). (3) If somebody is already interacting, others begin
interaction behind the ones already interacting, forming mul-
tiple rows (the honeypot effect). Our findings can be used
to design public display applications and shop windows that
more effectively communicate interactivity to passers-by.

Author Keywords
Interactivity, Noticing Interactivity, Public Displays, User
Representation

ACM Classification Keywords
H.5.1 Multimedia Information Systems:
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INTRODUCTION

A major challenge when creating engaging public displays is
that people passing by are usually not aware of any interactive
capabilities. Unlike privately owned devices, such as mobile
phones or PCs, people simply do not know or expect that they
are interactive - an effect that has been amplified by displays
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Figure 1. Two groups of users (lined up in multiple rows) having a so-

cial experience with the looking glass. Users are represented by their
silhouette on the display.

having been used for static ads from their very advent. If
public displays cannot communicate their interactivity, they
will be hardly used and not fulfill their purpose. We believe
that this issues will become even more apparent in the future
as current LCD technology for public displays are likely to
be replaced by technologies that more closely resemble tradi-
tional paper (e.g., e-paper [5]). As a consequence, passers-by
might not even be able to notice that a surface is digital, un-
less the content is constantly moving.

To put this problem in context, passers-by of public displays
need to (1) notice the display, (2) understand that it is interac-
tive, and (3) be motivated to interact with it (not necessarily
in this order). Mauller et al. [19] discuss the role of atten-
tion and motivation. However, relatively little is known about
understanding interactivity (2), which is at the focus of this
paper. Previous solutions involve calls-to-action and attract
loops [14]. A call-to-action, like a “Touch to start” label, can
be effective. However, text or symbols are language and cul-
ture dependent and complex to understand subconsciously.
Attract loops, such as a video of a person interacting, can
create an atmosphere of an arcade game and be complex to
understand in a similar manner.

In this paper we investigate how feedback to the passer-by’s
incidental movements (e.g., a mirror image) can be used to
communicate the interactivity of a display (see Figure 1). As
humans are very efficient at recognizing human motion [2] as
well as their own mirror image [18], this technique benefits
from these perceptual mechanisms.



After discussing psychological foundations, we report and
discuss the results of a lab and a field study. In the initial lab
study we were able to show that a real-time video image or
silhouette of the user are equally effective for recognizing in-
teractivity. Avatar-like and more abstract representations are
less effective. We measured an average time of 1.2s people
required to recognize interactivity for the mirrored video. In
the subsequent field study we deployed and tested three dis-
plays in a shop over the course of three weeks. Our observa-
tions show: (1) Significantly more passers-by interact when
immediately showing the mirrored user image (90% more) or
silhouette (47% more) compared to a traditional attract se-
quence with call-to-action. (2) Passers-by often recognize in-
teractivity after they already passed. Hence they have to walk
back - we call this the landing effect. (3) Often passers-by
notice interactivity because of somebody already interacting.
They position themselves in a way that allows them to see
both the user and the display, allowing them to understand
the interactivity. If they start interacting themselves, they do
so behind the person interacting hence forming multiple rows.

Our observations can be useful for designers of public dis-
plays who need to communicate interactivity to passers-by,
and more generally, for any designer of devices where users
do not know in advance that the device is interactive.

RELATED WORK

Attracting attention with public displays and kiosks is not
easy [8][11][19], and has been described as the “first click
problem’ [11]. Huang et al. observed the passer-by’s atten-
tion towards (non-interactive) public displays and show that
most displays receive little attention [8]. One solution is to
use stimuli for attracting attention [8][19]. However, this is
challenging as in public space, many other objects strive for
the user’s attention [8]. Another solution suggests using phys-
ical objects. For instance Ju et al. [11] show that a physical at-
tract loop (animatronic hand) is twice as effective as a virtual
attract loop (virtual hand). While physical objects seem to at-
tract more attention than digital content, they are less flexible
and more difficult to update with new content.

We conducted a literature review and identified 6 techniques
used for communicating interactivity of both public displays
and tabletops: (1) A call-to-action [14], often a simple text la-
bel such as “touch screen to begin” was used in [11], [14] and
[16]. (2) An attract sequence which is originally described
as a slideshow [14]. Some multitouch installations used con-
stantly moving objects [22][7]. Arcade machines also use a
video that either explains the interaction or shows a user per-
forming the interaction. (3) Nearby analog signage, either
with a simple call-to-action or a more complex manual, has
been used in many deployments, e.g., [14][16][22]. (4) The
honeypot effect [1] describes the effect of people being at-
tracted by persons already interacting with a device. Brignull
et al. observed this effect and divided the people around the
display into the phases peripheral attention, focused attention,
and interacting. Further observations of the honeypot effect
are reported in [16][22][17]. (5) Persons inviting passers-
by to interact can be either users who have already noticed
the interactivity of the display and now motivate their friends
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[16][22], or researchers standing next to the device inviting
users and explaining the interaction [9]. (6) Prior knowledge
that a device is interactive can either be used if users pass by
the same device multiple times, or if they know the device
(e.g., the Microsoft Surface, as in [16]).

After people noticed interactivity, immediate usability is im-
portant. The term has been introduced in the context of Shnei-
derman’s CHI photo kiosk [14]. Users should be able to use
the interface after observing others or using it themselves for
a brief period of time (15-60s). Marshall et al. [16] observed
that even a delay of a few seconds after touching an interac-
tive tabletop is problematic. Users are likely to give up and
think that the device is not interactive or broken.

Perceived affordances [20] are derived from Gibson’s con-
cept of affordances, which are properties of an organism’s
environment that have a certain relation to the body and skills
of the organism. These properties make certain actions pos-
sible (afford them). While affordances exist independent of
their perception, it is important how they can be perceived
by users. More recently, Norman proposed the more general
concept of signifiers [21]. Signifiers may be any information
in the environment that indicate that a certain action is possi-
ble or appropriate. This is especially interesting in the context
of public displays, as, for example, smears on a screen may
indicate that it is a touch screen.

Several researchers have proposed to use a shadow or mirror
image of users of large displays to indicate and support inter-
action. They have been used in the context of artistic instal-
lations [13], pointing tasks on large displays [26], and inter-
action above a tabletop [6]. In the context of public displays,
Michelis [17] deployed public displays showing a camera im-
age of what was happening in front of the screen and aug-
mented it with digital effects guided by motion, like clouds
of numbers or growing flowers. The focus of this study was
on the motivation to interact rather than noticing interactivity.
Thus, no different user representations were compared and no
baseline, like call-to-action, was tested. While these works
explored various aspects of shadow and mirror metaphors,
their application and properties to communicate interactivity
of displays has not yet been explored.

Attract sequence and call-to-action are practical solutions to
communicate interactivity. In the following we explore the
representations through mirror images as an alternative.

PSYCHOLOGICAL CUES & INTERACTIVITY

When it comes to noticing interactivity, several concepts from
psychology provide useful hints as to how such an interactive
system should be designed. Table 1 shows that for a certain
interaction it is possible to compare whether the manipula-
tion has been intentional (or not) and whether the effect has
been noticed by the user (or not). Dix et al. [3] discuss a
continuum of intentionality between explicit and incidental
interaction. Explicit interaction refers to the case where users
intentionally manipulate an interactive system. Incidental in-
teraction refers to situations where the interaction is neither
intended nor the effect noticed after the fact, such as when a
user enters a room and the temperature is adjusted automati-



Noticed Effect Unnoticed Effect

Intentional Explicit -
Manipulation | Interaction [3]
Unintentional Inadvertent | Incidental [3]/ Implicit [24]
Manipulation Interaction Interaction

Table 1. While incidental / implicit interaction assumes that the user
does not notice the effect, we can distinguish the case where the user
inadvertently interacts and then sees the effect.

cally, without the user noticing. A similar concept is implicit
interaction [24], which describes situations where the user in-
teracts without being aware of interacting. As users become
aware of the fact that they are interacting, implicit and in-
cidental interaction turn into explicit interaction. To describe
the situation where users manipulate a device incidentally, but
become aware of the effect and thus the fact that the device
is interactive, we use the term inadvertent interaction. When
users perceive that a device reacts to their incidental move-
ments, this reaction can be perceived in three ways. It can be
perceived as (1) a representation of the user, (2) an effect be-
ing caused by the user, or (3) an animate object reacting to the
user. For all of these perceptions, powerful perceptual mech-
anisms exist. While the focus of this paper is on the represen-
tation of the user, we will also shortly review psychological
foundations for perceptions of causality and animacy.

Representation: Recognizing Oneself

There are two ways how one could potentially recognize one-
self in a mirror: appearance matching and kinesthetic-visual
matching [18]. Appearance matching is based on a compari-
son of the image seen in a mirror with the knowledge of how
oneself looks like. Kinesthetic-visual matching is based on
the correlation between the own motion and the visual feed-
back in the mirror. The question whether some organism can
recognize itself in a mirror has been a topic of investigation
since the early work of Gallup [4]. They learned that only hu-
mans, chimpanzees, and orang-utans show this behavior. Hu-
mans can recognize themselves already in the first months of
life [18]. For recognizing somebody else’s reflection in a mir-
ror, visual-visual matching can be used instead of kinesthetic-
visual matching (if we can see both the person and the re-
flection). This is presumably easier than kinesthetic-visual
matching (it is learned early in childhood).

When users control a representation of themselves on a dis-
play (e.g., mouse pointer or mirror image), they need to
understand that they are in control. This is similar to the
questions of psychology how humans perceive which part of
the world is one’s own body (ownership) and controlled by
oneself (agency) [10]. From psychology we learn: (1) Vi-
sual feedback can override proprioceptive feedback, such that
people feel agency for parts of the world which are not actu-
ally their own body. People might forget about their real sur-
roundings when immersed in the virtual representation. (2)
People assume more often that they control something that
they do not actually control than vice versa (overattribution).
(3) People can experience a continuum between more and less
agency, depending on the correlation (amount of noise and
delay) [10]. It is important to minimize noise and delay to
improve the perception of agency.
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Abstraction, Biological Motion, and Body Schema
Humans can not only use appearance matching, but also
kinesthetic-visual matching, to recognize their mirror image.
So it is possible to abstract the user representation and still
have users recognize themselves. This gives the designer of
a device much more artistic freedom in designing the user
representation. Fortunately, humans have direct perception
of the motion of humans and animals from minimal informa-
tion. It was shown that a video of a dynamic array of point
lights (at skeletal joints) is sufficient to see the presence of
a walker [2]. For recognizing gender, the upper body joints
are more relevant, and adding more points besides shoulders,
elbows, wrists, and hips (70% accuracy) does not improve ac-
curacy [12]. From static images of point lights without mo-
tion however, not even the presence of a human can be seen.
For this paper it is especially interesting that we can recog-
nize ourselves and friends, and that we are more effective in
recognizing ourselves (43% accuracy) than our friends (36%,
16.7% chance), despite the fact that we see our friends walk-
ing more often [2]. This is explained by the fact that both
executed and perceived motion are represented in isomorphic
representations (the body schema) and can easily be trans-
lated into each other.

Concluding, a system could use minimal representations sim-
ilar to point light displays to represent users, but it is very im-
portant that the representation is dynamic. Upper body parts
like wrists and torso might be most effective. In order to use
the body schema for representation, however, the feedback
needs to directly match to the movements of specific body
parts (e.g., head or hand). More abstract feedback that can-
not directly be matched to body parts (e.g., averages of the
movements of multiple body parts) often needs more time to
be recognized [27].

Perceptual Causality and Animacy

Besides for recognizing themselves, humans also have per-
ceptual mechanisms for causality and animacy. This is im-
pressively demonstrated by 2D movies of simple moving ge-
ometric shapes [25]. If an object ‘hits’ another, and this sec-
ond object is ‘pushed’ away, humans have a strong impres-
sion that the first object caused the motion of the second. If
there is more than a 50-100 ms delay between the two events,
this perception starts to disappear. Similarly, objects that start
from rest, change direction to avoid collision, or have directed
movement towards a goal can appear to be “alive’ [25]. Per-
ceptual causality and animacy can be used to communicate
interactivity, and in these cases, known cues causing these
perceptions should be used (e.g., collision). In particular,
causality can be combined with mirror representations. As
interacting with mirror representations alone is not very mo-
tivating, physics simulations provide motivating interaction
and increase the perception of interactivity.

Relevance for this Paper

In this paper we focus on the representation of the user as a
cue to interactivity, because such a user representation is a
very general tool to support multiple interaction techniques.



From these psychological foundations, we learn the follow-
ing: (1) There are efficient perceptual mechanisms that sup-
port this self-recognition (2) It is unclear how recognition of
oneself degrades when the representation is abstracted. (3) It
seems crucial that the correlation between the user’s move-
ment and feedback is high (low noise and delay). (4) The
feedback should be directly matchable to a certain body part,
in order to use the efficient body-schema representation. (5)
User representations can be combined with perceptual causal-
ity (or animacy) to strengthen the perception of interactivity
and provide a more interesting application.

STUDIES

To explore how inadvertent interaction and representations
of the user can be used to communicate the interactivity of
public displays, we conducted a series of three user studies.
We developed a series of prototypes that were successively
refined based on the results of these studies. During these
studies the focus was on noticing interactivity rather than at-
tention or motivation. We simply relied on the motion of the
user representation to capture attention and on a very simple
game (playing with balls) to motivate users. More elaborate
attention grabbing or motivating techniques would probably
increase the total number and duration of interactions.

Hardware and Implementation

The system was deployed on large portrait-oriented LCD
screens of different sizes ranging from 40” to 65”. To detect
passers-by and users the Microsoft Kinect sensor was em-
ployed. The code runs on a recent linux workstation machine.

We use the 3d rendering capabilities of OpenGL to display the
user’s mirrored image or silhouette and other virtual objects.
For detecting users we rely on the OpenNI framework, which
provides unique IDs and pixel masks to separate them from
the background. The mirrored user representations are di-
rectly embedded into the scene to the lower half of the screen
(see Table 2) and interacts with other virtual objects (balls).
We use the Bullet physics library to simulate the behavior of
these objects constrained to 2d plane. Since the simulation is
optimized for rigid bodies, we approximate the users’ shape
with small objects along their contour which are continuously
tracked between frames. We record the depth image stream
and user activities for later analysis.

Study Design

In the following we present a pre-study and two consecutive
studies on noticing interactivity. We began with a pre-study
to see if and how passers-by are interacting with a public dis-
play. This was followed by a controlled lab study removing
the attraction and motivation criteria. Hence, we could mea-
sure the time required to recognize if the test application was
in an interactive or non-interactive (video playback) mode.
The study further included the influence of the user represen-
tations for which we evaluated multiple levels of abstractions.
Finally, in an “in the wild” field study we compared immedi-
ate, inadvertent interaction against an attract sequence com-
bined with a call-to-action. We also again compare different
user representations. The focus of this study however is on
exploring the noticing of interactivity “in the wild”.
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PRE-STUDY

Our prototype showed the silhouette of the passer-by on a 46”
portrait LCD monitor. Passers-by could interact with a virtual
ball using simulated physics. The display was installed for
three days around lunchtime in front of a university cafeteria.
Users were observed from a hidden position and interviewed
on opportunity basis. Interrater reliability was satisfactory
(Cohen’s Kappa=0.61) [15]. We observed 832 passers-by, of
which 456 (54.8%) looked at the display, 171 (20.6%) in-
teracted with the display, and 141 (16.9%) stopped walking
to interact. People played for 2 to 182 seconds ( = 26s),
and stated to mostly have left for time pressure. Interestingly,
most persons interacted in groups — most single passers-by
rather hurried past the display.

There are two important conclusions from this study. First, a
large percentage of all passers-by interacted (in a university
setting), so the design is very promising for our purpose. Sec-
ond, almost no passer-by interacted alone. As our design sup-
ported only single-use, this posed problems as mostly groups
of 2-5 users tried to interact simultaneously. Also, almost
all passers-by stopped before interacting, while we expected
more people interacting while passing by.

LAB STUDY

The objective of this study was to determine the impact of the
abstraction of the representation of the user on how quickly
users can notice that a display is interactive. We compared
the user representations mirror, silhouette, avatar, and ab-
stract. In this study, we only focused on noticing interac-
tivity. We asked participants to pay attention to the display
and decide whether the display reacted to their movements
or not. No additional virtual objects, that would potentially
have biased the motivation of the participants, were shown
on the screen. This lab study setup provided a baseline of
how quickly users can decide whether a display is interactive
under optimal conditions using the different representations.
The lab design provided a high degree of control, while at the
same time providing a lower degree of ecological validity.
To counterbalance, the study was followed by a field study,
which offers high ecological validity but less control.

Conditions

The conditions were (a) Mirror image: an interactive colored
image of the user (on a black background), (b) Silhouette:
a white filled silhouette of the user, (c) Avatar: a 2d avatar
including head, torso, and hands, and (d) Abstract: just the
head of the user, with abstract eyes and mouth.

All of these conditions can be directly matched to body parts
by the user (see section Psychological Cues & Interactivity).
For the expected interaction distance at the shop windows
the camera could not capture both feet and head of the user.
Based on the studies of point-light displays that show that
upper body parts are most relevant, we decided to position
the camera so that these parts were visible. Based on the
same studies, we expect the gain in speed and accuracy from
adding feet to the avatar to be low. Related work on stimulus-
response compatibility [27] indicates that stimuli that can be
directly matched to body parts are more effective than those



which cannot. Therefore, we decided for the abstract condi-
tion to directly represent the head of the user (instead of, e.g.,
an average of multiple body parts). All four of these inter-
active conditions were also presented as non-interactive con-
ditions. In this case, a video of another user interacting with
the display was started as soon as the user stepped in front of
the display. These non-interactive conditions should simulate
situations where either just a random video was shown on a
display, or a different user (e.g,. standing behind the partici-
pant) would interact with the display.

Task and Stimulus

Users were asked to walk past the display back and forth fol-
lowing a line on the ground placed at a constant 2m distance.
On the display, one of the 4x2 different conditions was shown.
Users carried a device (Logitech Presenter) and were asked to
click on the left button when they believed the display to react
to their movements, and the right button when they believed
the display not to react to their movements. Users were asked
to be as fast and accurate as possible. Time was measured
from the moment when they entered the FOV of the camera
(and thus appeared on the screen in the interactive conditions)
until they pressed a button.

Apparatus and Design

A 82” portrait LCD display was used to present the content.
The representation of the user was created using a Microsoft
Kinect camera and software using OpenNI, NITE, and Pro-
cessing. A within subjects design was used with n=16 partic-
ipants recruited from a pool of non-computer scientists. Vari-
ables measured were time and accuracy.These 4x2 conditions
were repeated in 10 blocks. The order was counterbalanced
using a latin square within the participants, and randomized
between the participants.

Results

The selection time was measured as the time from when the
stimulus appeared (as the user entered the camera’s field of
view) to the time when the user made a choice. An ANOVA
revealed a significant effect for representation on selection
time (Fz.45 = 80:76;p < :0001). It also revealed a repre-
sentation * interactivity interaction effect on selection time
(F3.45s = 6:75;p < :0001). A post-hoc Tukey test showed
that Mirror (1.2s) and Silhouette (1.6s) are significantly faster
than Avatar (2.8s) and Abstract (2.8s) in the interactive condi-
tion. In the non-interactive condition, Mirror (1.2s) is signif-
icantly faster than Silhouette (1.7s) and Avatar (2.1s) which
are significantly faster than Abstract (2.8s).

An ANOVA also revealed a significant effect for represen-
tation on accuracy (Fs.45s = 43:09;p < :0001). It also re-
vealed a representation * interactivity interaction effect on
accuracy (Fs.a5 = 5:84;p < :0001). A post-hoc Tukey test
shows that Mirror (100%) and Silhouette (97.5%) are sig-
nificantly more accurate than Abstract (84.3%) and Avatar
(81.2%) in the interactive condition. In the non-interactive
condition, Mirror (98.8%) and Silhouette (97.5%) are sig-
nificantly more accurate than Avatar (86.3%) which is sig-
nificantly more accurate than Abstract (73.1%). Finally, the
ANOVA revealed a significant effect for block id on accuracy
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Figure 2. Study location: Displays were finally installed in three shop
windows (B, E, F)

(Fo.135 = 5:84;p < :0001). A post-hoc Tukey test shows
that users are less accurate in the first block (74.2%) than in
the other blocks (mean:91.6%).

Discussion

From this experiment we learn that (1) the Mirror and Sil-
houette representation are similarly efficient, but both more
efficient than the Avatar and Abstract representation, and (2)
it takes considerable time to distinguish the interactive and
the non-interactive conditions even in an optimal environ-
ment (1.2s vs. 1.6s). The fact that the Silhouette is efficient
is good, because it provides much more artistic freedom for
the designer of a display. While the lab study provided con-
trol, ecological validity was low. Therefore, we decided to
compare the two most promising representations, Mirror and
Silhouette, to a combination of two common traditional tech-
niques, call to action and attract loop, and a purely causal
technique in a field study.

FIELD STUDY

The objective of this study was to explore how users would
notice interactivity and interact with public displays using dif-
ferent user representations “in the wild”. We compared the
two most effective user representations, (Mirror) Image and
Silhouette, to the most common strategy in industry, call-to-
action combined with an attract loop, and a merely causal
condition without user representation. This comparison was
regarding their ability to attract users to interact with the dis-
play as well as their general effect on the social situation in an
urban place. A field study was chosen in order to maximize
ecological validity, sacrificing the control of the lab.

Deployment

Three displays were deployed for three weeks in shop win-
dows of a store in the city center of Berlin (see Figure 2).
Windows on one side of the store (D, E, F) were close to
a well-frequented sidewalk, windows on the other side (A,
B) were near a subway entrance. To decide in which win-
dows to install the displays we observed 200 passers-by of
the street-facing side of the store (C, D, E, F) during after-
noon until night. The observations showed that there are large
differences in how many passers-by look into each shop win-
dow. The percentages are: Main door C (6%), small window
D (12%), small window (13%), small bright window (19%),
large window E (29%), small window (16%), large window
(29%), second door F (large and bright, 33%). For people
walking from right to left, for whom the second door was
the first window they saw, even 66% looked into the window.
It seems that the large and bright windows attract more at-
tention, especially if surrounding windows differ. Also for



people walking from right to left, we noticed a large percent-
age (17%) looking straight away from the last window. Ap-
parently, they looked down a road at the crossing. For the
deployment we used three LCD monitors in portrait format
(65”7, 46", 46™). Cameras (Microsoft Kinect) were installed
below the monitors. For the first week of deployment we
moved the displays between the windows A, B, C, D, E, F
(see Figure 2). While window B had the advantage that peo-
ple could play relatively undisturbed from passers-by, win-
dows E and F had a larger number of passers-by and attracted
most views. Therefore we decided to install the 65” display
in window B, and two 46” displays in windows E and F. For
the background image we initially tried different artistic con-
tents, but could not observe a large influence of our contents
on behavior. The final content was an advertisement for the
store and was created by a professional advertising agency.

Conditions

In our study we tested two variables: user representation (Im-
age vs. Silhouette vs. No Representation) and interactivity
cue (inadvertent interaction vs. attract sequence with call-to-
action). Regarding the application, we opted for a very simple
ball game. Ten balls were displayed on the screen, and users
could play with them (kick them) using the contour of their
representation. The whole game took place in the 2d plane
of the user representation. In the Image condition, the user’s
image from the color camera was extracted from the back-
ground and shown on the display. In the Silhouette condition,
the silhouette of the user was shown on the display, and in the
No Rrepresentation condition, just the balls were rendered,
but no user representation was shown (but interaction was as
in the other conditions). In the inadvertent interaction condi-
tion, when nobody was in front of the screen, just the back-
ground image and balls were shown. The interaction started
as soon as users entered the FOV of the camera. In the attract
sequence with call-to-action condition, a video of a person
demonstrating the interaction was shown together with a la-
bel “Step Close to Play” (see Table 2). The video showed a
person in the corresponding visualization (Image, Silhouette,
and No Representation) stepping close to the camera and then
playing with the balls. When the user entered the FOV of the
camera with a closer distance (1m), the screen was switched
to interaction, the user was represented in the corresponding
visualization and could play with the balls. Conditions were
counterbalanced and automatically switched every 30 min-
utes. This was done to minimize the influence of time of day
on the results.

Data Analysis

We collected both qualitative and quantitative data. Qualita-
tive data was gathered from observations, semi-structured in-
terviews, and manual video recording. As quantitative data,
complete interaction logs (from NITE person tracking) and
videos from the depth camera were kept from each display
over three weeks. For anonymity reasons we did not record
the camera image, but only the (anonymous) depth image.

Qualitative data collection was conducted daily during three
weeks. As displays worked best and most interaction oc-
curred in the late afternoon and evening, at least two re-
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Attract Loop with Call-to-Action
No Representation Silhouette

Image

n BUNDESLIGA
LOUNGE

n BUNDESLIGA

LOUNGE
Step Close to Play Step Close to Play
@

i e 1’

Table 2. Representations. We tested three user representations: No Rep-
resentation, Silhouette, and Image. All three representations were tested
in an “attract loop with call-to-action” as well as in a “inadvertent inter-
action” version. In this figure, the corresponding attract loops (a video
of somebody stepping close to the display and starting to interact) are
shown. In the inadvertent interaction condition, the person in front of
the display was shown in the same representation, just without the call
to action (“Step Close to Play”).

n BUNDESLIGA
LOUNGE

Step Close to Play

3

No-representation ~ Silhouette  Image
Call-to-action 67 59 79
Inadvertent interaction 60 87 150

Table 3. Total number of interactions in the different conditions during
11 days of field study. Inadvertent interaction attracts significantly more
interactions than call-to-action. Further, Image works significantly bet-
ter than Silhouette and No-representation.

searchers were present during these times. Additional obser-
vations were conducted as needed. Observations were con-
ducted from inconspicuous positions like the other side of
the street or near the subway entrance, where it was common
to see waiting people. During the observations, video was
recorded using video cameras that looked similarly to mobile
phones (FLIP HD). Furthermore, field notes were kept. Ev-
ery day interesting findings were presented and discussed in
a meeting of the entire research team. Eventually, the team
agreed on a specific focus for following observations.

From the depth videos we recorded roughly 1500 hours of
videos. We selected 11 consecutive days for manual cod-
ing. We implemented an analysis software that automatically
searched the log files for scenes, in which a user was detected
for more than 4 seconds. In accordance to [16] and [22], inter-
actions which followed each other within less than 20s were
merged to single sessions. All sessions were then manually
reviewed and annotated. We observed 502 interactions. Inter-
rater reliability was substantial (Cohen’s Kappa=.75) [15].
During the analysis, we grouped our findings in four cate-
gories: image, silhouette, and call-to-action, the landing ef-
fect, dynamics between groups, and dynamics within groups.

Findings

Image, Silhouette, and Call-to-action

The total number of interactions during the 11 coded days is
shown in Table 3. We compared the number of interactions
per day. ANOVA reveals a significant effect for interactiv-
ity cue (call-to-action vs. inadvertent interaction) (F1.11 =
12:6p < :001). A post-hoc Tukey test shows that passers-by
interact more with the inadvertent interaction condition than
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Figure 3. Interaction Durations: In order to investigate how well the dif-
ferent conditions communicate interactivity, we needed a large number
of situations where nobody was currently interacting with the screen.
Hence we intentionally designed the interaction not to be especially mo-
tivating for extended play. The mean duration of interactions was 31s,
but many interactions only lasted for a few seconds. Surprisingly, some
users seemed to be motivated to play for many minutes.

with the call-for-action. ANOVA also reveals a significant ef-
fect for user representation (Fz.,, = 13:1). A post-hoc tukey
test shows that Image is more efficient than Silhouette and No
representation. Finally, ANOVA also reveals a user represen-
tation*interactivity cue interaction (F,.oo = 6:8;p < 0:005).
As expected, there are no significant differences between user
representation for call-to-action. User representations differ
only in the inadvertent interaction condition. Many interac-
tions with the display only lasted for seconds (Figure 3).

The interviews revealed different preferences for the user rep-
resentations. The shop owner preferred the Silhouette as peo-
ple were covered in company colors. For users there was no
clear preference, and many said that they liked the represen-
tation they discovered first. Users who preferred the Image
representation described it as more “authentic”, more “fun”,
and they liked to see themselves and their friends. Users who
preferred the Silhouette representation described it as more
“anonymous” and said that they liked it when bystanders
could not see their image. Some also said that they did not
like to see themselves, so they preferred the Silhouette repre-
sentation. In the Image representation, also some users men-
tioned that they do not like to be observed by a camera, which
they did not say for the Silhouette representation. From our
observations we found, that in the call-to-action conditions,
people spent several seconds in front of the display before
following the instructions (“Step Close to Play”) (compare
Figure 4). In this vignette, two girls observe the display for
some time, before one steps close and activates the interac-
tion in the Image condition. They are surprised by seeing
themselves and walk away. A few meters further, they notice
a second display running the inadvertent interaction Silhou-
ette condition, where they start to play. When interviewed
how they noticed interactivity, most people said that they saw
themselves on the display. Some also said that they saw them-
selves and a friend / partner at the same time. Only very few
stated to have seen the representation of another person walk-
ing in front of them.

When a crowd had already gathered around the display, it
was sometimes very difficult to distinguish which effect was
caused by whom. This was especially true for the Silhou-
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Figure 4. In the call-to-action condition people sometimes spent consid-
erable time in front of the display (1) before stepping closer (2). In this
case, the two women are surprised by seeing themselves and walk away
(3). On the next window, they encounter inadvertent interaction in the
Silhouette condition and start playing (4).

ette and obviously the No Representation conditions. In these
cases we observed people copying the movements of other
users and seemingly interacting with the screen, although
they were not represented on the screen. Sometimes they
were not even standing in the field of view of the camera.
This can be an example of overattribution (compare section
on psychological cues), where people assume they are caus-
ing some effects although they are not.

Over time, knowledge about the presence and interactivity
had built up among people who pass the location regularly.
In the third week of deployment, a number of people who
interacted said that they had seen somebody else interacting,
e.g., “afew weeks ago” or “earlier that day”, but had not tried
interaction themselves. There were also a few regular players.
For example, we noticed from the logs that between 7-8am,
there was considerable activity in front of the displays. Ob-
servations revealed that a number of children played regularly
with the displays on their way to school. We observed them
waiting expectantly at the traffic light, then crossing the street
directly to the display to play with it. Such interaction is ob-
viously different from situations where people encounter the
displays for the first time.

Design Recommendations: Inadvertent interaction outper-
forms the attract loop with call-to-action in attracting inter-
actions. The Image representation also outperforms the Sil-
houette and interaction without user representation. In con-
trast to the lab study, the Image representation works signif-
icantly better than the Silhouette. From this we learn that
Image representations are a powerful cue to communicate in-
teractivity, although Silhouettes may have some benefits like
more artistic freedom in designing the content and provide
more anonymity. As most people recognize themselves on
the display rather than someone else, displays should be po-
sitioned so that people can see themselves well when passing
by. Over time, as knowledge about the interactivite device
builds up, these interactivity cues become less important.

The Landing Effect

One striking observation regarding the moment when people
start to interact was that often, people stop late and have to
walk back (see Figure 6 for this effect with a couple, and Fig-
ure 5 for this effect in a group). In Figure 5, a group of young
men is passing the display. The seventh person in the group
looks at the display but keeps on walking with the group.
Some meters further the person suddenly turns around and
walks back, followed by a second person. They then start to
interact, and are soon joined by other group members. In this
paper we refer to these cases as the landing effect.



Figure 6. Landing effect for a couple: As the couple passes by, the
woman notices the screen and stops. As her partner walkes on, she drags
him back to the screen. Both start interacting. (The scene is from the
depth video logs that were annotated)

Regarding the number of landing effects, interestingly
ANOVA reveals a significant effect for interactivity cue
(F1.11 = 23:1;p < 0:0001). A post-hoc Tukey test shows
that more landing effects are observed in inadvertent interac-
tion (18.5% of all interactions) than in call-to-action (8%).
There was no significant effect for visualization. We ob-
served this behavior only for people passing by the displays
(not waiting), when nobody was yet interacting with the dis-
plays, and who apparently did not know before that the dis-
plays were interactive (e.g., because they already interacted
with them).

The landing effect often led to conflicts when one person in a
group noticed the interactivity. If the first persons in a group
suddenly stopped and turned around, the following people
would sometimes bump into them. More often, the whole
group stopped rather than walking on. When a following per-
son in a group however noticed interactivity, the first would
usually walk on for some time before they noticed that some-
body stopped and stop themselves. This situation created a
tension in groups as to whether people who already continued
walked back or whether the person interacting would aban-
don the display and join the group. In some cases the group
simply walked on after some waiting, causing the interacting
person to continue playing only for a short moment and then
hurry (sometimes even run) to re-join the group.

Our interviews revealed more details about this behavior. One
man who had walked back (Image condition) stated that he
had seen from the corner of his eye two persons on the screen
walking into the same direction. He was curious and walked
back, accompanied by his wife. When he saw himself on the
display, he understood that it was interactive and explained
it to his wife. They both started to play with it. For another
couple, the man stated that he saw something moving from
the corner of the eye and walked back. His wife stopped, but
did not follow him. He noticed that the display was interac-
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tive upon seeing himself, but only played very shortly before
again joining his wife. It is quite possible that users did not
interact, because they only noticed interactivity after they had
already passed the displays and did not want to walk back to
further explore.

Because we installed multiple displays along the same trajec-
tory, passers-by had the option to notice interactivity on one
screen, but then interact with another one. When they noticed
the second screen, they already expected that it was also in-
teractive and stopped earlier. One man for example said to
have noticed the balls jumping away on the first screen, but
then did not walk back. When he noticed the second screen,
he decided to stop his friend. They saw their representations
and played for a short moment. Often, after playing with one
screen, people also searched the other windows of the shop
for further screens. If they saw further screens, they often
also played with those (see Figure 4).

Design Recommendations: The landing effect is in line with
our observation from the lab, that people need approximately
1.2s (Image) and 1.6s (Silhouette) to recognize interactivity.
They also need to notice the display first and be motivated to
interact. With an average walking speed of 1.4 m/s, by the
time passers-by have decided to interact, they have already
passed the display. This effect is so strong that it should
be designed for in any public display installation. Displays
should be placed so that, when people decide to interact, they
are still in front of the display and do not have to walk back.
Optimally, when users stop friends walking in front of them,
also the friends should still be able to interact with the display
without walking back. This could be achieved by designing
very wide displays (several meters), or more practically, a se-
ries of displays along the same trajectory. Another solution
would be to place displays in a way so that users walk di-
rectly towards them, but this is possible only for very few
shop windows.

Dynamics Between Groups

We observed many situations in which different groups
started to interact. The first group (or person) usually causes
what has been previously termed the “honeypot effect”. We
found that people passing by firstly observed somebody mak-
ing unconventional movements while looking into a shop
window (the manipulation [23]). They subsequently posi-
tioned themselves in a way that allowed them to see and un-
derstand the reason for these movements — usually in a loca-
tion that allowed both the persons interacting as well as the
display to be seen (see Figure 7). In this figure, a man inter-
acting with the display with expressive gestures attracts con-



Figure 7. The Honeypot Effect: As people notice a person making un-
common gestures, they position themselves in a way allowing both the
screen as well as the interacting person to be seen. They also often posi-
tion themselves so that they are not represented on the screen.

Figure 8. Multiple Rows: The girl from group A noticed interactivity
first. Woman B positioned herself behind them to see what happens and
also started interacting. Later, a couple C stopped behind them and
started interacting in a third row.

siderable attention. The crowd stopping and staring at him
and the display partially blocks the way for other passers-by.
Newcomers seem to be first attracted by the crowd, then fol-
low their gaze, then see the man interacting, follow his gaze,
repositioning themselves so they can see both the man and
the display. They also seem to prefer to stand a little bit to
the side, so that they are not represented on the screen. The
audience is mostly positioned behind the user. We observed
this pattern regularly. When people in the audience decided to
join the interaction, they accordingly did so behind the ones
already interacting, not next to them (see Figure 8). In this
figure, the little girl in the front noticed the interactivity first,
followed by her mother, who then stopped to explore the dis-
play together with the daughter (the father did not walk back
and is standing behind the camera). The young woman be-
hind them was attracted by their interaction and eventually
also started interacting behind them. This again attracted the
couple behind them, of which the girl finally also started in-
teracting in a third row. In some cases, such multiple rows
where then again observed by people in the subway entrance.
In the few cases where other people started to interact in the
same row as people already interacting, we were able to ob-
serve social interaction between the users, which we did not
observe for different groups interacting behind each other.

People interacting with the screens were usually standing in
the way of others. The resulting conflicts were solved in dif-
ferent ways. For the screen installed near the subway en-
trance, passers-by usually tried to pass behind the ones al-
ready interacting, not disturbing them. When multiple rows
of people interacted, this was not possible however, and they
passed in front of them (Figure 8). When a large group passed
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by, we sometimes observed that the person interacting aban-
doned the display. This again sometimes let someone from
the coming group take the place and start to play. We also saw
some occasions, where users deliberately moved between the
display and the person interacting and interacted for a very
short moment.

Design Recommendations: The honeypot effect is a very
powerful cue to attract attention and communicate interactiv-
ity. Displays which manage to attract many people interacting
will be able to attract more and more people. The honeypot
effect even works after multiple days, as people who have
seen somebody interacting previously may also try the inter-
action in the future (see subsection on Image, Silhouette and,
Call-to-Action). To achieve this, displays should be designed
to have someone visibly interacting with them as often as pos-
sible. This can be achieved by improving motivation and per-
suading people to play longer. Because the audience repo-
sitions themselves such that they can see both the user and
the display, the environment needs to be designed to support
this. In our case, both the subway entrance and the narrow
sidewalk limited the possible size of the audience. In order
to support more audience, displays should be visible from a
wide angle, or considerable space should be available directly
in front of the displays. This is also necessary as different
groups start to interact behind each other. This interaction be-
hind each other should also be supported, e.g., by increasing
the maximum interaction distance beyond the distance from
where single groups normally interact.

Dynamics Within Groups

We discovered that the vast majority of interactions were per-
formed by people being in a group. The only cases of sin-
gle people interacting we observed personally were children
before or after school, men after waiting for a considerable
amount of time near the subway entrance, a man in rags, and
a man filming himself while playing. One man for exam-
ple waited for many minutes directly in front of one screen,
while incidentally interacting with it through his movements.
After some time, he was approached by an apparent stranger,
who showed him the display and the fact that he was interact-
ing. The man seemed surprised, and continued to play a little
bit with the display. While a considerable number of single
people passes by the store, they usually walk faster and look
more straight ahead and downwards. When we interviewed
some of them, only very few had noticed the screens at all,
and nobody had noticed that the screens were interactive.

Between 1 and 5 people interacted simultaneously (= 1:5).
Often the first person in a group noticed the display first,
while this was not always the case.

We discovered that people strongly engaged with the game
and apparently identified more with their representation on
the screen than the possible influence of their movements
on people around them (see section on Psychological Cues).
This sometimes led to situations where people were not aware
anymore of their neighbors (people belonging to one group
usually line up next to each other), even though they were
able to see their representation on the screen. This focus on
the virtual space led in some situations to that people acci-



dentally hit or bumped into each other. Another observation
was that people usually started interaction with very subtle
movements and continously increased the expressiveness of
their movements. This process sometimes took just a few
seconds and sometimes extended over many minutes. The
subtle movements at the beginning were sometimes just slight
movements of the head or the food. Later, people proceeded
to extensive gesturing with both arms, jumping, and even ac-
robatic movements like high kicks with the legs.

Design Recommendations: The most important observation
from this section is that very few persons who are alone in-
teract. This observation is supported by the results of the pre-
study. Therefore it is important to understand how groups
notice interactivity, and public displays should always be de-
signed to support groups. Even if just one person is interact-
ing, the display must provide some value for the other group
members. When users strongly engage with their representa-
tion on the screen, they may forget about their real surround-
ings. According to our observations, more slowly moving
objects make users conduct also slower movements, which
increases safety.

CONCLUSION

From this paper we learn that: (1) Using the mirror image of
users such that passers by inadvertently interact with public
displays is an effective way of communicating interactivity.
Mirror images are more effective than silhouettes and avatars,
and more effective than a traditional attract loop with a call-
to-action. (2) Noticing interactivity needs some time, which
leads to the landing effect. When passers-by decide to inter-
act with public displays, they have often already passed them,
so they have to walk back. This can be mediated e.g., by in-
stalling multiple displays in a row. (3) Users from a different
group often start to interact behind the ones already interact-
ing, forming multiple rows. Because also, the vast majority
of interacting persons are in groups, public displays should
support multiple users, in particular when interacting behind
each other. We hope that mirror representations for inadver-
tent interaction will also be applied to other devices beyond
public displays, e.g., tables or floors. Finally, we believe that
public displays that effectively communicate their interactiv-
ity have the potential to make urban spaces all over the world
more fun and engaging to be in.
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