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Chapter 1 

Introduction 

1.1 llltroriuctioll 

10 th,' e~r1y 1800'5, phnlngraphy wa, t11f' bu,incs, illld p.~:;time of ~ :;mall number of 

ind;"id ual" ~xp"rl s in bnth Ihe lechnology for mpturing im~g'" ~nd th" chemistry 

of proce,sing Ih~m, Phnlngraphs would depicl the hmi!)' <lnd ils hicrard1), [421· 

Hll'y w,'r,' ><'c'n as ,tatus 5ymbn15, d"pkling pnwer and we~lih r67ll'nrtr~il ,tudio, 

would u;.c .,ll kind:; of prnp, In crNlt' a s.>tting, a wish~d lor si l tl~lion perhaps or 

even ~ lictiti",,, pa,t [11 1· 

(b) 

Figure 1.1, Th~ Kod,k Browni. (,) ,,,d Noki, N9ll (b) 

TIlf' intrnductinn n/lIw ;'-"'xpt'nsil'~ Kodak bro"~lic I""" Figure Lla) in the early 

1 'lOU's sparked a major ch;mge in the n~lurc of photography by 1,lk;n!; phologr"phy 

out of the :;tudio and m"kin!; it more' ilcc(':;:;ibk to the ma:;><'5. The Kodak E.,slman 

comp~ny propos<.'d ,I solution where' ,,,,-,y did all Ih,' prelCt's,ing (d~\' ~lnping and 

plinting), .md .n Ih" ""'r h"d 10 do wa, take lhe p;ct,,,~. CnfMILLnalt'ly, Ih,' 

premium att"ched 10 this ,,-',,- icc' kepi the' prire of phntngraphy r~lalh' ely high [67] . 
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-1'Xl i ,oo1Ld,pu.""> nl [nJ",oJ,nd 01 '!J!,),kJ,; "x-"J 

'iU<llp'Jllj IU~'\.-'jJ1P fO ,'~ Ul" .' LLO "'I", Ul') ~LL L<,"OJq 'pU ~'I I " 'I"" ~ lH UO ~u!pu",l~a 

'p~J~.'O;>BTP " UOH~WJC'll'l .\'kI1I .u paulTap aJOUl atum.""l oJ Sjll.-,,, ,.-lILnb.)l '''11 mj 

')1'1""':.1 <! l! '~U!"'lCU'l ""'1M '.\jJllIlUlTS ',sa,d,a 0lljn"Ull)-' .-,"~ Sluama,m!xll "'JIll 

'.-,tdU1~',) 'O{ .. ,'J""b ~ ~u!n,' ! nl ~'\!l"llJ~lI" U~ ~E 'lU"\U~,,!nb~J ~ '{I"ll'-" 0] UOllXlITOJ 
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SI/OU"10S rpwas O~Olld Z'r 

i ",)ud, I:' " Id,!p paJTlu!j ~ ljl~" aJlAap l' ljJns UO '1.!dl'1:i<J l"'1d 

"OJ illmp"",)S UL p.'llJoJdn, ,x! J<>'n U Amu ",>011 '! "!a'-ll saspl' )1'111 lKlLjSanb 

Y 'HEWS .']aAll''P" Sf p.)S,''''J,! pue l-"""~'" ~J" ,,,SUlUl asaln l[JIlj'" UO su .• ,ns "ljl »' 

'ailuall"'p l' ljll," Sl.1'Sn 'IU.)<;")J d "" ,1 '",Ill 'sljduJSoWljd aJ01S 01 SaTjDl'dE.) Sl((S""")UI 
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Chapter 1 

1.3 Limitations of previous research 

Most photo search tools that support query-based searching rely on manually 

annotated metadata for each image [57][113][135]. With personal photography, 

people are reluctant to annotate the bulk of their photo collection [62][105]. The time 

and effort required to annotate each photograph far out-weighs any perceived 

benefits [105]. As a result, researchers have relied on methods that distinguish 

photographs based on the image content, as this data is implicitly available. These 

content-based methods have been quite successful in locating photographs that 

have similar color compositions. However, they are unable to identify and interpret 

meaningful features in images. Consequently, they have not been particularly 

useful, as people search for images based on semantic properties rather than visual 

properties [62]. The 'meaningful identification and interpretation of features in 

photographs has been described as an AI-complete problem which requires solving 

strong AI in general' [106]. 

One solution is to rely on humans to do this complex computation by exploiting the 

human ability to process visual information rapidly. Many commercial image 

browsing tools make use of this approach by maximizing the use of the screen real­

estate, so that at any given time as many thumbnails are shown as possible. This 

technique works particularly well on high resolution screens where a large number 

of thumbnails can be displayed. However, the technique is not as effective on 

handhelds, where the lower resolution screens only allow a few images to be shown 

at a time. Given that about half the cerebral cortex is dedicated to image processing 

alone [136], we believe it is still worth investigating other techniques that may 

exploit the human ability to rapidly interpret large amounts of visual data. 

1.3 Limitations of previous research 

When searching through old photographs, people are most likely to look for: an 

event (set of photographs relating to a particular well defined event); a single 

(individual remembered photograph), and a property (sets of photographs with a 

common theme) [105]. Unfortunately, the majority of studies in this area have not 

considered supporting users in performing these tasks [62]. Most research studies 

have tended to focus on just one (locating a single) [29][65][128][118] or two (locating 

a single and property) [44] of these tasks. This raises questions about their ecological 
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Chapter 1 

1.4 Research Questions 

validity, particularly as studies by Rodden and Wood [105] have found that the 

most common photo search task is locating events. 

Similarly, very few researchers have considered the importance of supporting both 

searching and browsing. It is unlikely that any single approach is suitable in all 

circumstances. For example, a search is likely to be most effective when user needs 

are well defined. However, as user needs become more vague and difficult to 

express, an exploratory approach that exposes the user to the information is likely to 

be more appropriate. The ideal approach for supporting user needs is likely to be a 

more inclusive one that accommodates both methods of information access. 

Very little photo organization and structuring is performed on handheld devices. 

Most photo management is performed on desktop computers using specialist 

software such as iPhoto [4]. Photo collection structures are then migrated to the 

handheld device during a synchronization process. Devices such as the iPhone 

allow a mirror copy of an entire photo collection to be placed on the device. 

Replicating a photo collection's structure on a handheld has a number of 

advantages: it provides a structure that is already familiar; it allows the photo 

collection to be accessed anytime, anywhere; and it also provides a way of backing 

up the photo collection. Wilhelm and her colleagues [131] in their investigation of 

photo annotation on camera phones concluded that there is a 'need to develop 

hybrid solutions that integrate desktop and mobile application components into 

more complete and appropriate solutions.' They recommend adding desktop-based 

annotation capabilities to photo search tools on mobile devices. We were unable to 

find any research that has looked at how user-inputted metadata from the desktop 

might be used to support photo search on a handheld device. 

1.4 Research Questions 

The main aim of this thesis is to provide an empirical foundation for the design of 

photo search tools on small display devices, taking into account the challenges (or 

research limitations) discussed above. The key objectives are: 
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Chapler I 

1.5 Ju,tific~tion for the research 

1. To d,·viS<.' " set of empiric"lly ~rounded guideline's for dcsib'Tling pI1oto 

",arch interfaces on small display devices. 

2. To d~"el"r a I,hoto St'Mch tool t)",l aJJr~ss"" tlw limitatiuns "f <'ur"'n) 

systems un ,mall d !spi.,y d~vic"". J n contrast to pre'vi",", work, the des ; h'" of 

><-'arch tool nnl>t t.,h- into cons;,kration the' task types (clX'lI ls, singles and 

l"O!~'rl;('S), the lTX,thoJs of infomkltion access (""'fehing and browsing) and 

CUT"'''! .1nnoW lion pTa!'ti,-,'S 

15 Justificatioll for the research 

The need 1m adequate photo ""arch solutions on handheld, has been ad,'ocalcd in a 

number of research papers r29 ir44irbli. The arguments have J:,c.,n "ide ranging. A 

lc-elmo-ccnlric "'glln1cnl h,lS focused on the fact that mobile devices have all the 

necessary ingredients (large storage, multipl~ n~lworkin~ capabilities, and high 

r~solutjon screens) for a truly rnobj]~ collection_ For e~"rn pl~, the c' urr~nt iPod photu 

~nJ the iPod phun" M,' l'~PJb lc' of 'turing mu,,' th,m 2SJ( lti im,'gl's. Huwever, wh"t 

is I",-\':ing arl' tool, that allow lL>crs to ,iit through rX>i<'nti~l1y l"rg" nunlh,% of 

photogrc'phs, espeli., ]ly ,," people' haVl"'~p"'>6l'd tlK'ir dl'sire to 'tore imagl's in the 

long i<'rm on their mobile d,'vicl' [61 [_ Another argunlen t i, th~t ~s stor.ge increa>cs, 

user> "'ill lx' Ie;;, motinil'd to transfer photos to the FC, >0 ",arching acti,-ily will 

naturally migrate hnnl the I'C 10 the nlobile device. Kindberg at al. [iiI] have 

slre>sed Ihe need for adequate photo seMch tools to support the activities "rmlnd 

mobile phntography, such as story telling and reminiscing, which tvpicallv require 

u""rs to sift through old phutographs. Pbotu ""ardl tuuls are "iso need~d to support 

photo sbaring on mubile dl'vices, ''')X'l';., II ,. bet"' .... n gmup, of peopl ~ thM mutuaJl y 

~,perienl'-' .n event .,nJ l'wh''''gl' phutographs >onwtirne ~iler the ~,-ent wlK'n Ih", 

ne~l ITll'-'t e"dl other. 

Pholo search to"ls h~v~ tlw poknli~lto iml,.,d ,-jv;1 sudety. Fur e~amplc', Figure 1.2 

shows Ih.,t there are currL'lltly about 61XI milJinll camera phone uSt'rs [.';0]; if only 

ILYYo search for image< on their phnne, sa,-ing 1 second pcr search saves" lotal of 

166666 hours. Of c'ourse lhis nude e,tinl.'lte ignores a number of fac'loTS, suc'h ~s 
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Ch.pt~r 1 

1.6 IV!dhodnlngy 

""arching during 'd~"d tim~: Hnw~"er. it ilIu.,t'"t~'\ tlw it1lpurtance ni conducting 

r~"'ilTch in (hi, ar~". 

c, .. we,,, p~, 

• t~OO'~'M'$ Pf~~ 

Figure 1.2: WorldwiM mobile rho,,,, o"d eo"",'" rhon~ , hip"",nt ' 1-'"11 

1.6 Methodology 

C;;,' ,>n llw ~mph",i.' nn ,uppnrling u",'r llt,.,d" tho> t'i~ ld of Hum"n-Cnmputt'r 

jtlt~ractinn prnvjd~., wilahl~ llwlhnd, ior de,igning, d.'vdnping "<ld e,'aluating 

phuto s<-'Mch illtt'riaces, C"'r-c-."nt,,,,'d de 'ign i, tho> Lll0,1 wid~ly tL.<~d nwtho·dulugy 

(or design philosophy) for d~v~lt'ping CO Lll pUtH ,'y,'t~rn' that Lll<"<'1 USt'T n~~d" , It 

pl.K'-" u ,,'r, ~ t the (enk. of the (ksig<l and ",,"olves the Lll thruug hcltl t lho> d~sign 

pre,.."",_ 11 u,~, an jl~r"th'~ d~sign pmc~"., for d~vduping, ~v"l !klting and r~fining 

comp1Llt'r sy,t"m." Th~ h~llclil nf using a dcsiKfl hil . ..:-J rcscMch mel hodolngy i, ll",t 

it "nabl,·, r~'\l,arch,,,s tn 'underslond ll", world IhInugh the pro""" oi gathering 

r..q uir~nwnl.' and impH,,"c 11", work! tJu Qugh the process o[ design' [ 1 6]. 
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Chapler 1 

16 VI~thodolo~y 

Figul'<' 1.:1, TI,,~o photo ,.,,,,h 1",,1. lh,! "'0 donlopod ;t. I',rt of on il<'r.\i,'o design 

1'''''0''. Figure 1.:1. iJiu<I",!o. Ihe iolli"l search (001 thai ,uppmls [wo Vi,,,,,1 I,'wto _<€ayc/, 

',rlmiq".,. ( .. ~ .. ,\inn 1,~ fm definitiol1). In Figul'<' Db, Ihe _,o>reh 1001 i, modified 10 

indude conl,x!y,l cues_ In r-igure 1.3{, the fin.] ,.."h tool inlegrot" multipl~ <e,n,h 

method. which incluM,. Keyword Si'ard" T,,"e/i,,, I"Qw<,r, Timrli'" fiiter, Hifmrrloical 

!DlJfr-b"""j bro'"·;,, .od two I'is",,/ plw/o ;'''rel, luh"iq""_ 

An H~ratiw dt<Sign 1"')''''5s is lLsed to d~wlnf' thr~~ photo ('<'arch h~lls (",~ l'igur~ 

1.3). Fi~ur~ 1.3" ,how, the initi,,] seJr,-h te','] IhM ,upport' IWl' diff~r~nt \'is",,1 

photo """eh t~dUliqu~,_ 'l1w r~qllir~m~nt' I,,, this ",.reh tool ,"~ b,,,~d l'n " u",r 

nceds "n"lysis in Ch"pter 2, A design-ji"'l, study-sew",' ilppro"ch is uscd to dc\-c!op 

this search tool 1)on Norm"n [891 "rgues that when user n""ds h.we "iready ['""n 

investix,'t~d ilnd d benchm.rk ~xi'ts, • Je"gll -jirsl, sl~dl"SI'['U~d approilch is mor~ 

.ppropriate th.,n a stwly-jj",l, ,higll-."w",1 "pproach as it avoids replicating existing 

work. The dcsign is deliberately incremcntal so that it can be bcnchmarkcd against a 

b,S<'lin~ Ummbnail-gr id bmwS<'f, Th~ ~mpha,i8 h~r~ i, on improving current photo 

",.rch tools for sm"ll display device, by taking into account us"rs needs wl-;.,n 

visu.lly s~a,ching through photo collection" Thc next itemtion in the cycle is aimed 

.t id~ntifyin g th~ probl~ms with Ul~ "",.rch tool"" th.t thcy can be "ddrcs",d to 

p"wid~ ,l beUt'r ",arc-h ~'pt'ri~TlCe in krms oi suppc'rting u,cr.' m perfc'fminx the 

thr~~ cc,mmon "",rchinx tdsks. The "," rch tool shown in Fixurc 1.3b is dcvelopt><.l 

further by adclinX contexlu, l cu~, (d"t~ nnd fold~r iniormation) to the ,..,,,ch tool 
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Chap l~r 1 

1.7 Conlribution, 
-~-----

,hown in Figutf \.:\1 . Studi€, h;l\"f ,hown th~t J"t.." "nd folder I"l>fls Me uSO"J 

exten,ively when SO"arching through a photo collection f61lf1311. I~ the' final 

iteration, the' search tool i, devel0JX'd further based on the recommendations in 

Chapter ~ , Th<' ,earch tool (see figur<' 1..3<:) integrate's multipk S<.'ard, m<,thod, 

which include a K",Ywonl ",-'"rch, Tempoml bro"""" Hicmnhi"nl joid<'T·b"""d bnm-"1'r and 

two \-,i,,,ail,hoto "",,,,,h te"hniqu es. 

A set of <'mpirieally ground<'d guideline"~ are developed ior designing future photo 

S<.'arch interfaces bo",--ci on user e,-aluations of the Ulre" search lools, J'hree COllUllon 

<'v~luation practices ior visu~1 ,ysl<'ms f9~1 ac<' used, ,\ conlrolkd eX)J"rimenl i, 

used to eomp.1C<' Ih<' initial photo "'-'arch tool again,t the' sl~le oi Ihe arl (see Chapler 

3). An obse,,-ational study (or uSil bility study) i, ~,ed to a,",-'Ss the' <uitability oi U,C 

pholo """rdl tfXlI in supporling thrc", common user lash (_ Chapler 4). A furlher 

s ludy i, conducled in a mo"" l'eali-'lic ""Hing where the "..areh req "iremenl' are nol 

alway' well·JdineJ. Wf ga uge the uti lity 01 t h~ ,<,arch 1001 in 'Up),,-"'~ng tll<> thre<? 

common "'-'Mch la,k, a, inlormMj,>I1 abJ)u t ~ IM!>,'t bfn>me, If» w~ll·kI"'wn (sef 

Chapter 6). By examining Ihe"" ,earch toob fro'" mu l tipl~ p~r<pf'cli\'e<. tll<> g,>al i, 

to g"in 'WI\' i'''igh t< 111 10 Iww t" >uPI,,-,,1 the Common "..Meh t~sh !l"tio 

'luJntitati"e and <l "a]jt"iv~ rf'iNreh m~tho,-h ar~ u>eJ t" ""lIfct d,\t~ . fly us ing 1:>olh 

reseMeh me thods, the' aim i, overcome the flaw, Ih~t are inh<',ent in each method, 

1.7 COlltrilllltiOIlS 

'111<' first contribution t" fielJ of ll um"n c"mput~r Intc-r",-tion improH" <'xi,ting 

knowkdg<' on photo ""arching beh.wior by providing a number of <'mpirie~lly 

grounded flnding' a1:>oul se~rcl'ing beh~dor. One imporl"nt iinding i, lhal 

""ard1ing tasks rely on thf "b ility to I ,x,at~ fv.'nts TJpiJly. Th i, rf""Meh ["'''''We> 

>ome of the import~n t f~cto" thM im),"et th., w~y people SO"Meh for f"f nt'. OI1~ 

sib'Jlific~n t IJet"r is tlw u,""r', memory "I an ,'vent A nmcept"'1 fr"mewnrk i" 

J"velo)wJ to g uiJe f tLt ure """,,",eh "nJ design, based on a thorough inves ligalion oi 

thi' faclor. 

The' ,,-'cond arN of contribution i, ~ ,ingl~ photo "..Meh 1,,,,1 f"r ,m"1I J i 'pl ~y 

device's th"t i, b~SO"d o n l t~r~ti\'e ,h,lJie< "I v"i"." u,<,r intfrfaJe de,jgn, Ihat has 
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Ch~p!er I 

l.~ Thesis Dulline 

Iried to incorpor ""~ the be,t Irai Is of , \'ariety of ",.lTch tools to support the common 

pholo "'Mch lasks, The lool aliows users 10 perform a query-based search by 

retrieving evenls r.,ther than indi,"idu.,1 phnlogmphs, This t.,kes advant.'ge of the 

fact Uk,I people organize pholngraphs by evenls and pr,wide descriptions lor each 

evenl. The to,}1 also supporls two techniques lor ,"isually searching thrnugh 

phnl,}graph~, The leclmiques ~re designed to make optimalll5e ,}f the human ability 

10 pr<xess ,"isu.;l inform'lion ,apid ly, A number of alg,}fHhm, Me prnp.}5ecj lo 

suppml th~se It>chniglle, in li mil~d ~nv;ro"m~nts, ta,'kHnl\ th,,,,, majl,r limit'th "' ~ 

"ith mobile devi"", low resolution S<Teens, varied input mech'ni,ms, and limited 

rc",,,re'es sm'h as memory .md processing capabiJitie" J\ clear implcment.,tion 

gui de is pro\'ided fnr developers and praclilioners to enable lhem to replicate ~,e5E' 

teclmiqlles. 

1.S Thesis Outline 

figure 1.4 illustrak~ the thesis ,,,,!line, showing the k~y rese,"ch eoml>onent' and 

the tIT'''s of evaluation in the I>h'" bl<xks, 

Chapte' 2 introduc<'S th~ fi~l d of )lllm an-Compllt~r InkT'ction, It d iscllsseS the 

human facto," in photn ",."ching, It de..:ribe, thl" linkages betwcc"n twn nwthods nf 

inlormation access, searching and br,}wsing, Jt al5<} conducts a crilieal analysis nI 

previ,Hl' photn se<Heh t[){)ls and highlights the limitatio n ~ ,}I current gu~ry-bascd 

approaches and vi~ual phnto ",arch approaches, It uses fram~w,,, k for na \"igatio n t<, 

de5C'ibc ;,,}me de'ign imp1ie'th"'~ for visual ph,}to "". reh t(X)ls, 

Ch"pt~r 3 describes tbt> de velopment of a photo search t(1(1] that is designed to 

~ddr""s the limit.;!ion , of ,'urrent t(X)ls tbM .,llow tlse" to "iSll"lly 5CMch through 

photog<aphs, 111<' :;<"rch tool ~up l"'rb two tl'chni'lul"S lh ' t ~n.;ble 115< .. " to na,"il\atl' 

rapidly lh"mgh the ph,}t,} c,}l1ee!ion, The first t('dmi~t", is an ,d" I>tation oi a 

navigation tcdmique called Speed Dependant Automatic Zooming ISDAZj, SDAZ 

I",s oc'Cn propnscd fnr de~ktnp displays .15 ml'.lIl5 of overcoming ~,e problems 

ass",:i.,ted "jth n.wigating J.,rge iniomlatinn spaces, \\'ith this teclmique, scrolling 

Jnd Looming are intt'r·dl'penden tly controlled (Ar<ioLoolllj via a single user ""lion, 

With the s('cnnd technique, scmJling and zooming arc independenlly ccIDtr,}l1cd ' "ia 
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Chapler 1 

1.8 Th,,_,is Outline 

~ single uS<.-r action (Mmlll,IIL,,,:ml)_ IkJth iocchn i'l\"'" are e\-, lu,1tN in a large ""Ie, 72 

p~rticipant llsability e"perinw" t ,'Iong,id~ a '-o llventi""JI thumbn"il-grid imag" 

brow",r. Tl.,., kdmiqu~s M., tt'sted for th"ir "bi li ty to locate ,,,,,,Is, <i".~!es and 

pruperli(', in tc-rms oi effici~ncy (tim~ t ak~n), df.,ctiver","ss (~cn"a"y) J nd ""ti,fadion 

(subjoxtivc workhld" m"~'UI~d ,,,ir'l; th,· "-ASA -]'a,k l.oad T"d~x l38J)_ Th" 

<-xpcrim<-nt is carri~d out on a d<-sktor compnkr wlwre the v i~\\-r(Jfl ,i", for JIl 

thI"" intcrfiICcs i, sct to 2.t1),,34IJ pix~b to simula t" tl.,., display of ~ n T TP h3351) 

P",h·t K and" mouS<' i, u""J a, ~ stylus ,urrog"te_ 

Chapler I 

I ,,"no ""in,, 
I(,,,,,,",,-it A~'j>d" 

Ch'pler 7 

Concio,ion 

Figuro 1.4: The,i; ,,"Iline. The blue bl",.-k> highligh t t h~ key ,-,,,,,.,, h ,omponenl., 

de,.-,ibi ng tho koy go.t, and lype. of o>"" llI.t ion. 
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Chapter 1 

1.9 Definitions 

Chapter 4 describes how the photo search tool is ported to small display devices. An 

observational study is conducted to identify problems with the photo search tool so 

that they can be addressed to provide a better search experience in terms of 

supporting users in performing the three common searching tasks. The results 

enable us to obtain a broader view of the design space and allow us to gain some 

insights into viable solutions. The findings from the study are used to form the 

requirements for the search tool described in Chapter 6. 

Chapter 5 presents a follow-up study that is used to investigate whether people 

predominately organize photographs by events or by special themed categories. The 

shtdy also assesses the composition of the annotations that are associated with these 

picture groupings. The motivation for this study is to clarify some of the 

observations from the study in Chapter 4. The findings in this study provide an 

empirical foundation for the query-based search component of the search tool in 

Chapter 6. 

Chapter 6 discusses the design, implementation and evaluation of a photo search 

tool that integrates multiple methods (Keyword search, Timeline filter, Timeline 

browser, Hierarchical folder-based browser and two Visual search techniques) around 

events. The design rational for this search tool is based on the observations and 

design implications that are presented in Chapter 4. The results from the study are 

used to develop a conceptual framework to guide the design of fuhtre interfaces 

based on the amount of information that is known about at event. 

Chapter 7 reflects on the major findings and relates them back to our research 

question. It then goes on to discuss possible directions for further work. 

1.9 Definitions 

The terminology for photo search research is broad and varied among technical 

disciplines. For this thesis, we define the following terms: 
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Chapter 1 

1.9 Definitions 

• Browsing: This refers to the process of seeking information when the 

requirements are not well defined. It requires exposure to the information. 

• Searching: This refers to the process of seeking information when the search 

requirements are well defined and can be specified precisely. It can be 

accomplished by using a query to directly access the data. 

• Small screen device: This refers to a device that has a low resolution screen, 

such as a mobile phone or PDA. The term small screen device is used 

interchangeably with PDA, handheld, mobile device and mobile phone. 

Table 1.1 shows how current small screen devices have much lower 

resolution screens in comparison to laptop computers or standard desktop 

displays. The screen resolutions are compared by reading across a device 

row to a device column. For example, a Motorola KRZR's screen resolution 

is equivalent to 1% of the resolution provided by the HP LP3065 LCD 

Monitor. 

Comparative resolution of devices (%) 

CJ ... 
~ 

;;- .9 ... 
N " Oi 2 

·2 
~ u .: 0 
~ >. 0 ::0.. ~ 
'" t ~ "3 0 "0 (l) 

.... ~ CJ 0 U 
0 -'<: P.. ~ ....J 

~ 
u u 

" .t ~ ~ co 
A Motorola KRZR 

100 50 25 2 1 
Resolution: 176x220 pixels 

B BlackBerry Curve 
198 100 50 -1 2 

Resolution: 320x240 

C Apple iPhone 
397 200 100 9 4 

Resolution: 480x320 

D MacBook Pro, 17-inch 
4556 2297 1148 100 43 

Resolution: 1680x 1050 

E HI' LI'3065 LCD Monitor 
10579 5333 2667 232 100 

Resolution: 2560x1600 

Table 1.1: Comparative screen resolutions for a selection of common computing devices 
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Chapter 1 

1.10 Delimitations 

• Visual photo search technique: This refers to a search tool where users search 

for a target by looking through the images in a photo collection. One 

example is a thumbnail-grid browser. 

1.10 Delimitations 

The research presented in this thesis is delimited by the photo collection type (i.e. 

personal photography) and the application domain (i.e. small screen device). The 

focus is on supporting active searching as opposed to passive searching; where 

users have to actively acquire information (by searching and browsing) as opposed 

to passively absorbing information (by monitoring or simply by being aware). 

1.11 Summary 

This chapter laid the foundations for the thesis. It introduced the research problem 

and the research questions. The research was then justified, the methodology was 

discussed, the contributions were described, the structure of the thesis was outlined, 

the definitions were presented and the delimitations were highlighted. 
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Chapter 2 

Literature review 

2.1 Human Computer Interaction 

The field of Human-Computer Interaction (HCI) is a multi-disciplinary field that 

draws from computer science, physiology, anthropology, sociology, industrial 

design, ergonomics and linguistics. Its goal is to facilitate the design, evaluation and 

implementation of iterative computing systems that satisfy the needs of users [47]. 

According to Boardman [12], 

"A key aim of HCI research is to provide a knowledge base to guide the design of interactive 

systems. The output of HCI research includes two types of knowledge: substantive, and 

methodological. Substantive knowledge documents the results of research and may include 

experimental accounts, the designs of interactive systems and techniques, and models and 

theories of user behavior. Methodological contributions offer guidance for future research 

and design in terms of heuristics, tools and methods." 

There are two main approaches for identifying user needs and developing design 

guidelines. The first approach involves modeling user behavior when interacting 

with a system. These cognitive models can also be used to predict user behavior. 

One notable example is Card et aI's [15] CaMS (Coals, Operators, Methods and 

Selection rules) model. During tasks analysis, CaMS can be used to determine rules 

for selecting methods and operations that a user is likely to perform to achieve a 

goal. Carroll and Campbell [18] have criticized this approach saying that it is too 

low level, too limited in scope, used too late to influence design and too difficult to 

apply. Some of these problems stem from the fact that COMS attempts to predict 

user behavior by assuming that it remains constant while using a computer system. 

It is not so straight forward to predict user behavior as it is often shaped by pre­

existing mental models [39]. These mental models are not static but are continuously 

developed during the course of action [92]. Many researchers have proposed 
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Chapter 2 

2.1 Human Computer Interaction 

extensions to COMS to address these problems. John and Kieras [54][55] discuss 

some of these methods and provide guidance to practitioners about which COMS 

variant to use for different design situations. 

Possibili ties 

Requirements 

Figure 2.1: The Task-Artifact cycle. 

The second approach develops an understanding of user behavior by considering 

the tools (or artifacts) that are used in an activity and the tasks that users engage in. 

The task-artifact cycle [17] in Figure 2.1 illustrates this process. The tasks that users 

engage in define the requirements for an artifact. In turn, this artifact opens up new 

possibilities for human activities, offering alternative ways to perform familiar 

activities and enabling new activities as well. These new activities evolve into 

requirements for the redesign of an artifact. Essentially, the task-artifact cycle is a 

continuous process of mutually dependent development between a task and an 

artifact, aimed at reaching an optimal state. 

Donald Norman [93][94] emphasizes the need to center the design process around 

users as they are the ones that use artifacts to accomplish a task. This design 

philosophy is known as User-Centered Design. Users are involved throughout the 

design process. An iterative design process is used to obtain user feedback 

throughout the design and development of an artifact (or system). There are four 

essential stages: requirements gathering, design, prototyping and evaluation. 
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Chapter 2 

2.2 Human factors in photo searching 

At the beginning of the design cycle, the goal is to understand user needs and 

expectations. A variety of methods such as field studies, focus groups, dairy studies, 

interviews, or questionnaires can be used to obtain user needs. Based on these initial 

requirements, low fidelity prototypes are then developed and evaluated. User 

evaluations and feedback are crucial at this early stage as they allow users to get a 

better understanding of the system. User needs or requirements that are missed 

during the initial user needs analysis will often emerge through this process [1]. As 

the design cycle progresses, higher fidelity prototypes are developed and can be 

evaluated with more measurable usability criteria such as efficiency, effectiveness 

and satisfaction. There are generally two approaches to usability evaluation; 

inspection methods and usability testing. Inspection methods assess the artifact (or 

system) with out involving users directly [88]. Some examples are heuristic 

evaluation, cognitive walkthrough and COMS [31]. Usability testing on the other 

hand is centered on users and assesses how real users interact with software [88]. 

The most common techniques are experimental methods, observational methods 

and query methods [31]. A number of researchers have compared these approaches 

to evaluation [30][59]. Critical assessments of usability practice can also be found in 

these papers [14][72]. In addition, Norman [91] and Shneiderman [113] suggest a 

series of principles that can be used to guide design. Nielsen [88] has developed a 

practical set of heuristics for usability testing. Hix and Hartson [48] have outlined a 

practical guide for applying a user-centered design methodology. 

A number of studies have reviewed Mobile HCI research methods [10][64]. A key 

challenge has been how to evaluate mobile systems given that the context is 

constantly changing [63]. Some researchers have proposed novel solutions for 

imitating or recreating the context in laboratory settings. For example, by evaluating 

a mobile system while being simultaneously engaged in a cognitive activity [97]. 

2.2 Human factors in photo searching 

Numerous studies [52][61][67][74][123] have discussed how the mobile phone has 

changed the nature of photography, impacting end-user experiences, expectations 

and needs. The increased mobility has lead to people taking pictures in situation 

where they would not have had a digital or film-based camera. The ability to share 
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photographs via MMS or email has enhanced the communicative nature of 

photographs. Photography has become a social event that is centered on gatherings 

and having fun [62]. The connection to other people and the capability to entertain 

them are ends in themselves, where as the utility of the image is often of secondary 

importance [68]. This interaction is best understood using the classical formulations 

of sociability, as Simmel [116] explains, "Sociability is interaction that has no 

external purpose: it is its own goal...Being autotelic, it is very close to games, play 

and art... The essence of sociability is in the entertainment: the joy an individual gets 

is fundamentally based on other people also enjoying the interaction. As such, 

sociability is first and foremost about leisurely conversation, telling jokes and 

anecdotes." 

Social Individual 

Mutual Experience 103 Absent Friends or 1i3 Personal 120 

Images used to enrich 35% Family 21% Reflection. 41% 

a shared, co-present Images used to Images used for 

Affective experience (either in communicate with personal reflection 

the moment or later as absent friends or or relniniscing. 

a memento) family (either in the 

moment or later) 

Mutual Task 11 Remote Task. 28 Personal Tasks. 29 

Images shared with 4°/cl Images used to help 8°0 Images used to 10(X) 

people co-present in accomplish a task by support some 

Functional support of a task shc1ring with remote fu ture task not 

(either in the moment family, friends or involving sharing. 

or after the event) colleagues (either in 

the moment or later) 

Table 2.1: A taxonomy of reasons for image capture [61] 

Davis and Van House [123] delineate the social uses of personal mobile 

photography into five major categories: creating and maintaining social relations, 

constructing personal and group memory, self-presentation, self-expression, 

functional and social documentary. Kindberg and et al. [61] present an alternative 

taxonomy that delineates the reasons for capturing images on a camera phone into 

two dimensions (see Table 2.1). The first dimension delineates images according to 

whether they were captured for affective (sentimental or emotional) verses 
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functional (practical or pragmatic) reasons. The second dimension delineates images 

according to social (sharing with others) verses individual (personal use) intentions. 

The social category is sub-divided in two, depending on whether images are shared 

with people that are physically co-present at the time of capture. In total, their 

taxonomy has six categories, three affective categories: Personal Reflection (41%), 

Mutual Experience (35%), Absent Friends or Family (21%), and three functional 

categories: Personal Task (10%), Remote Task (8%) and Mutual Task (4%). 

These categories show that although camera phones enable new activities, they do 

not supplant the traditional activities around photography, such as reminiscing and 

storytelling. Both these activities are relatively common. In fact, the single biggest 

category is personal reflection (or reminiscing). When assessing the nature of the 

images across categories, Kindberg et al. [61] found that people often capture 

images with their camera phones in places where they often have conventional 

cameras with them, such as at home, at weddings, or on planned trips. Although, 

just as many pictures were captured in places where people typically do not have 

cameras, such as at work or school, in social venues such as pubs and restaurants, or 

when "out and about," they found that these images did not have a lasting value as 

they often depict unconventional subjects, which are captured spontaneously for 

reasons such as amusement, experimentation or curiosity. The more conventional 

pictures are likely to make up the bulk of the photo collection as these are ones users 

attach more value to and want to store long term on the mobile device [61]. The new 

activities introduced by factors such as increased mobility do not have a major 

impact on this research, as they are more spontaneous in nature, requiring pictures 

that are captured in the moment. The challenge is in supporting the more traditional 

activities such as reminiscing which require users to locate older photographs [34], 

taking into consideration the limitations of current mobile devices such as low 

resolution screens, varied input mechanisms and limited resources in terms of 

memory and processing power. Locating older images is not so straight forward as 

the familiarity of the pictures tends to decay over time. Users are less likely to recall 

the precise date, the location or even the identities of people in photographs [106]. 
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In a six month study on how people manage their digital photographs Rodden and 

Wood [105] found that when searching through old personal photographs people 

are most likely to look for events (a set of photographs relating to a particular well 

defined event); singles (an individual remembered photograph), or properties (a set of 

photographs with a common theme). These search tasks are performed irrespective 

of the reason for searching [105]. For example, to show pictures of previous trip, you 

need to be able to locate the event; to print a picture, you need to be able to locate a 

single; to create a collage of a particular person, you need to find a set of pictures of 

the person (with common property being the person). 

As part of the same study, Rodden and Wood [105] wanted to find out the type of 

features that are commonly used in a digital photo organizer. They developed a 

system with many features such as audio and text annotation for playback, and 

content-based image searching. However, users took little advantage of them, 

emphasizing the utility of two core facilities found in many commercial photo 

browsers: chronological arrangement and browsable thumbnails. There are three 

possible reasons for these user preferences: chronological information access is 

natural for users as shown in the context of email [133] and personal information 

spaces [70]; users shy away from the computationally expensive content-based 

image searches, choosing to exploit the human visual system to rapidly scan and 

process a grid of thumbnails; and, finally, these schemes do not require user effort, 

like manual annotation, in organizing or pre-processing images. 

2.3 Information Access 

Broadly speaking, there are two types of information seeking strategies; searching 

and browsing. When the search requirements are well defined and can be specified 

precisely, querying provides an efficient way to directly access the data. When the 

search requirements cannot be expressed precisely, browsing provides an 

alternative search strategy where users are spared from the difficultly of having to 

specify a query and can let their search requirements evolve as they browse through 

the collection. Of course, there is a cost incurred in the amount of time and effort 

required to browse through the collection until the requirements are met. 
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Searching and browsing are not mutually exclusive. In fact, the two are intricately 

linked. Rodden [106] points out that 'there are times when the user might browse 

through a document to satisfy a requirement, as an alternative to issuing a query. 

For example, when search requirements are difficult to express'. Likewise, when 

browsing, it is possible for a search to become more directed as users leam and 

discover new information. As Cutting and his colleagues [24] explain, 

"Access to a document in fact covers an entire spectrum: at one end is a narrowly specified 

search for a particular document, giving something as specific as a title; at the other end is a 

browsing session with no well defined goal, satisfying a need to learn more about the 

document collection. It is common for a session to move across the spectrum, from browsing 

to search; the user starts with a partially defined goal which is defined as he founds out more 

about the document collection" 

In fact, a study by Bates [7] shows that retrieval strategies are constantly evolving. 

As the requirements change, users will naturally migrate from one strategy to the 

other. A plausible intermediary step might be one that combines both search and 

browsing such as rough searching (which is similar to how people work with search 

engines like Coogle). Even when the search requirements cam10t be expressed 

precisely, a query can still be used to reduce the search space to a sensible size. This 

makes the task of browsing easier as users do not have to sift through the whole 

photo collection to locate a target. 

Chiaramella [19] points out that although a search can provide rapid access to 

content, it requires a great deal of expertise from the user as they have to master the 

query language and indexing language. A poor understanding of either is likely to 

lead to poor results (in terms of precision and recall). Another problem is that users 

can only view a single set of results at a time. This makes it difficult for the user to 

infer how previous searches are related to the current one. To construct new queries 

based on previous results, users are required to memorize information about 

previous queries and results. This increases the cognitive load on the user. Many of 

these problems can be overcome by using a browsing-based information retrieval 

system. These systems require less expertise from the user. They also allow users to 
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interactively access any document in the collection, using predefined access links. 

The transition from one node to another is based on a proper pre-existing link 

between the two nodes. However, extensive browsing does have its limitations. It 

can be time consuming to search large collections, especially when a trial and error 

search strategy is used. In large collections, another problem can be orientation. The 

system must ensure that some form of context is maintained. Chiaramella concludes 

that when considering searching and browsing in terms of cognitive load, bounded 

or free access to documents and orientation it is evident that they are quite 

complementary. 

2.3.1 Supporting photo search via query-based solutions 

The most widely used information seeking tools are web-based search engines such 

as Cooglel , Yaho02 or MSN3 [137]. These systems are able to automatically index 

documents by extracting keywords from each document. Each unique word is then 

linked to each document containing it and is given a relevance rank according to a 

number of factors such as the frequency with it appears in each document and in the 

collection as a whole. User search terms are then matched against the index, 

returning the most relevant documents. However, this strategy is less effective for 

images as 'they do not contain units, like words, that are both meaningful and easy 

to extract' [106]. 

Image retrieval systems such as Coogle Images or Flickr4 rely on manually 

annotated data, supplementary text, URLs or filenames to index photographs. 

However, the search results are not as impressive as those produced by traditional 

text-based information retrieval systems [53]. A reason for this is that most images 

on the web do not have structured metadata to describe their content. Any metadata 

that exists is often inaccurate or incomplete. With personal photography the 

1 Google: http://www.google.com 

2 Yahoo: http://www.yahoo.com 

3 MSN: http://www.msn.com 

-I Flickr: http://www.flickr.com/ 
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contextual metadata is even more sparse [105][106]. Studies have shown that people 

do not annotate photographs because the benefits of doing so are not always clear 

[106][111]. Often the annotation task is separate from the tasks that demonstrate the 

benefit of the metadata [111]. Researchers [38][40][99] often have to rely on lower 

level metadata, such as EXIF data which encodes the date, time, camera settings, a 

thumbnail and the location information if it supported by the camera. 

Given the rarity of manual annotation, the bulk of research has focused on more 

automated methods [62]. Instead of relying on textual metadata, content-based 

image retrieval systems (CBIR) are able to automatically extract and index image 

content. Similarity comparisons are conducted by comparing features from each 

image. The most common features are colors, textures and shapes. These belong to 

the primitive level [106]. Higher level features are closer to user requirements. These 

belong to the logical and abstract levels. Logical features have to do with the 

identity of the objects shown on an image, while abstract attributes denote the 

significance of scenes depicted [106]. Image similarity is usually based on primitive 

level features such as color. This method is very effective for returning visually 

similar results such as sunsets. However, people expect similar images to be 

grouped based on semantic properties, rather than primitive level ones [lOS]. 

Unfortunately, content-based retrieval systems are unable to identify and interpret 

high level features [106][107]. This disparity that exists between the low level 

features that can be parsed and the semantically meaning descriptions that users 

want is often called the semantic gap. Although many researchers have attempted 

to bridge the semantic gap, 'the meaningful identification and interpretation of 

images remains an AI-complete problem, to which there is no solution in the 

foreseeable future' [105][106]. 

Davis and his colleagues [27][131] have tried to overcome this problem by 

incorporating user feedback in a semi-automated annotation process (see Figure 

2.2). Based on the contextual metadata from a cameraphone (e.g. time, location and 

user name) and the similarity of previously inserted metadata on the server, the 

system suggests appropriate metadata at the time of capture. Users then have three 

options: they can accept suggested metadata with a single click or select more 
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appropriate md<ld~la from a h'l of rc'C(}mnw ndf'<..l np!icm' nr ~"en inpu l new 

metadaM, By incorpora ling user, in the ,mnolaliun process the gOdl i, tu ,ltt""h 

more ""mantically mf'anin~lt1l mf'ladala 10 images, In a s tudy llwul\"ing 40 

partkipants u,'f'r a 4 munth J'f'riod tlwy found !hal users would only input 
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their p hotographs in terms nl f'\'(>Il1s [62][10,'1J, Unfnrlunatcly, this was not 
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TIwre ar~ olher annot"liml appro,dw, One pMticub rly innm'ali,,' approach 

pwposed by Kang and ShncidemliUl [5b ] "nows u""" to s imply Jrag "nd dwp 

,lnnotati,"" on lo one or more pholograph'_ ror ex,'mpk by d r"ggi"S" num ber of 

",",tacts ()n t() a p hotograph to indicale who i, in th~ pidure. lIowe,'er, no ""''' 

sludie;; haw been condud~d to ".., "ktkr th i< ,'pproach m()tivale< mers 10 

annotate the bulk of their photog"'phs 

Sever,,1 other allempl;; using audio ,uUlot-,lion [.1&][l0h[ h,l\'~ k~n m"d~ j(> solve 

thi s problem bllt uHimale ly their uplake h", bet'n poor, due to t1", us"bility i<sues 

,,",,,,,,i,,ted with mmplex or n()vel u;;cr in terfaces and al>D tlw f"ct th"t most u", rs 

'impl\ do ''''t wish to rh,"'ge the way U-.e" work. 

2.3.2 Supporting photo seardl via clustering and visual solutions 

\ ·la11" wmmerd"l photo management toob provide meC'h,'n ism, for n,"'igating 

through " ph()to collection fe,g , il [bt scrolbble thumb11"il-grid b row"," ,- Search 
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upprupn'<ltI' '«'pi" Rr(ll('sil'lg an Ihr oJlwr imlld is ",urI' <,xl'l(lml"ry ,,,,<I i'llrmelivIC "lid 
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fimcfions,/rom ';)lni!i" In purposefrd 10 sermai)lito", " [66[ 
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Imag"s m ,'anous configur~tion' and pr()vid<' <-ll,"\roh for n"vig"ting through th,· 

photo collecti()n, 

Clustering 

TIw Tim~lin~ bmw."" [44] is an example of a system th~t ",tomatically dust",s 

p imtog""ph" inlo " hier",chk~j lime-based sln,elure (see hgure 2,3), It has three 

vi~"" 6 y~M ,'i~,,', " month \ii~", "nd a thumbnail d~w, The pholog"phs "" 
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"Ib,,,n ,'n.,blc', yml t() drill down intll ~ lin,., tin", '6 n g~, u ntil th~ thumhnail view is 
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fig ,,,. 2,3, rimeline brow,.r ,ho"in!; th" )~ .. vi.w lleft), iuur mo",h ,ie" (miMl e) "Hi 

th. tJ",mb".il ,"'''' (rightllHl_ 

Tiw Tirn~Hn~ b,ow,~' ",a.' c,.""p,H-~d agam,t ~ ,t" ndard th"mbll~ii brow"" [ .... ]. 

Parlicip6llh ,,",'re ~.,h,d {ll ill(\!l~ indh'idu"i phllt"gr6f,h, ~nd 6bll find "orn~ 

p i,-Iure', Ill' 6 colla,;!'_ rix'y Illund ,,0 'ign iiicont d ifkrc'ncc', lx,tw<",n the' hHJ 

'y,t~"" in krm, of tb ~ t im~ tak~n to "ornride th~ td.,h_ TI-.en' WH~ .1", n" 

signihcant djfj'~w nc~s betw~~" ar,y of th~ ,ubJ~cliv~ nwa"'tr~'" TIwy d,d, how~ve" 

find thilt use" wer(' "ble t() complete tasks more successfully v,ith the Timcline 

brav,,,-'r, O:tx' pbus ible expidn,,\i()n f()r the reiati\'(' l"ck ()f jX'rf()nn.'no-, dnd poor 

, ,, bjt'Ctiv<' r"ting' i, thM th<.' o><'r.ll d<',ign of the' Tim"line brO"",,'r "'w ]""ks the 

ide! thot ,'\'ents ,!r~ most 11"tur61 W"y ()f thinking .I:>out photogr"phs [62J[1O-5J 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 2 

2.3 lnformMion IV,-",,,, 

Photographs n"tur"llv dusl~r around ev~nts, Howe,'er, these l1>,turill c,'cn l du,tcrs 

C'll1 gd brohn up into multipl~ hm~-b"sa! dusters, \Vhen looking at [I tim~-b"scd 

dust~r it is not jnlm~d idtdy obv ious "hidl ~vmts it contoin,. In "ddition, the 

"dded dilfin' lty of h''''ing to n~"ig"t~ in ~nd out oi "rtili(i" ll, CICdted clusters t"n 

"'trNse> th ~ cogniti"~ h,d on t h~ US~T. 

Other ilpproaches automatimlly duster photogr~phs into events based on vbual 

pattern_. ISNj, 'l his is alS<J problematic because th€ definition of an en,,1 is very 

wbjecti,·c, It is unlikd), th"t thcse event dusters will always malch what people 

perc<-iv<- 10 be ,ll1 en-nt, Any mismdtd, is likely to complicilte nil vigution. 

rigur. ",~: Org.n i> i "g i ",og .. "-ford ing to visuot , i", ,t .. itl' with o, ... topping lI .ft!, no 

m-e' t.ppi ng I middte), ,nd m,xLm izi ng thumbn,i t . ize (rig il tljllJ7 L 

Rodden ,,,,,j hcr colleilgue, 1107] hdve lookcd in to clustering pictures attording to 

visual similarity (we Figurc 2.4), Th<-y concetle Ih~t to duster imilges according to 

th eir semanti c similarities require, meiln ingful feature-based ex lraction and 

idcntification ",hi(h has y~t to be sol \'~d c"nvintingly by Al r~,c"rc'h. Fu rthenml<~, 

th is tcchni'lu~ will no t , ('ale a, , photo «(>ll ~ction l;n' ws in ,i,,· d" it rdi "" on 

showing ~ll th~ pi(\U ICS ;It on('e, n ,i " is mot~ , ign ilie, n\ on handheld de vices whe", 

'~ll, a ft,,," photographs can be shown a\ a lime 

['hotograph , ha,·~ abo been cluste red by loca lion [1i][8fiJ. Kirk and hi, collc[lgues 

[62] question the nee,j lor sum an ilPPWilCh, In Ih<-ir s ludy they obscrn<:\ th"t 

l"'OI'le organi7e photographs into folders ilccording 10 (-vmts. E".-h folder is often 
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bbeled wilh a m,,"nin!';lul de":ripli",, and dote, b[)th of which user' M~ h~,w ily 

reliant [)n Ihis inimTIlalion wb<>n searching \heir phot[) collection. 'TIlC fad thaI 

u'<''' do Ihis nnlurally (-a,ls d,'ubt 0" tb<> J",~d for pj-wto grouping algorithms whid, 

ilr~ I,..ing de\-eloped to clu;tcr pi(-lure' using C;PS data, as grouping by timc 'nd 

~vent illso le"ds t[) group by location" a by-product' ih21. Furthermore, the 

io("tion of the phot[)grapher mn differ by sevcn1 ki1o"",t~" fmm the location 01 the 

photographed SL1bj<>d 12(,]. TIwre arc also tc(-hnologi",1 probl~ms. The cell 

inl[)mliltion from a ",,,,,,"'phone is nnt precisc. Although CPS is mol\' pre"i.,.., it is 

tmrcliable ["door,. CPS ~n"bb1 (',mer" arc abo uol wide·,prcoo TI,ill s,id, 

loc"li[)1l inlormation (-'n ,till I,.. hel plul lor di,Unguishing events. 

·1·· ... " ... , ~' " 0 

figure 2.5: Thro~ viow. of Pocket PllOtolvle>a brow,e,.t different worn I.>·.!, [651 

Bt,derson "nd Knella lh51 pro\'ide a visL1nJJy ,'pP<' ,1ing ",Iut,;"., thill L1~' qL1antum 

tr..emilp5 to displ"y ('ategMies 01 imagcs in the m[)st ",rccn efficicnt w'Y ("'" Figure 

25) . QUilntum treem,'ps "'~ a varialic>n 01 existing Ireemap' ~lgorithms thM 'l\' 

de,igned 1M laying [)ut inlilgc; [)r [)ther objects 01 indi\'bible (qL1,,"ll un) size. The 

problem with existing trccnMp "Igorithm, is thM tb<>y , II r~turn re~io", of aroitrary 

aspect rntios. Quantum treem'P' gUM'ntC<' th,t the t~gion, th"t <;how groups [)f 

photos hnve dimcnsions that arc intcgcr multiple, of tlw dinwn,ions [)f the photos. 

rhis minunizes the mnount [)I spnce thnt i, wa,tcd in ~il('h region. By d<'fault, U", 

Pockct Ph[)toM"" bww,<,r du,h'rs im'ges ",'cording I[) direclories. It can also be 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapler 2 

2.3 Jniorm<,tion Acn'» 

C('nfigut~d 10 dust'" imagcs acco,ding to othe'r ll<;c'r dclilll'd metadata Th,' 

thumb ''''il ,i", i, adiu, tcJ accordingly So Ihal all Ihe phologmph' Nn be shown 

c'O!1cuITently. When d c~tegnry b seleclt>d, Ihc view is smoolhly anim~tcxl in 10 one 

01 ,eH'T<,J predeiineoJ /0<..11 I~,'~b. Wlwn a thumbnail is ",Iected the im~ge is 

smoolhly anim~tcxl in to fill th~ ,Cret'n. Tile lL"" can znom in furthcr 10 "iew 

portions ot the im<'ge or p,n Mound Ih., om,'ge. 

In a uso::r ,tudy tl,.. Pod,~t Phnte>\I""a browser was ne>1 able 10 Joc'ale im<'ge, any 

lasil'r Ih<lTl the' ba><,'line brow,er (pocket ACDSe~I, a cnmmcrcial IIn unbnai! 

browser), It diJ howe'w'r ,Con' highet in tlw ,ubjedi\e ,atmgs, mainly due 10 Ihe 

,moolh animation and the' trc'<-'map layou t . n,~ ' uthMs cnnct>d~ Ih;'1 Ihi, solu lion is 

I>t'rhaps bet Ie , suited lor navigating and ~'pl ori nil ,"th er ti"n lncattilg. The [,lei U,al 

u,~rs had d ifficulti es r<'Cob'nizing thurnbn;,;ls when 75 im'g~, where shown 

concurt~ntl y suggesls Ihat Ihis te,<-hni'lue' is UTlsuit,bl.' for im'g~ wllt'·rtio'" Ihal are 

ony larger th,m thi,. 

Visualiz~lion 

Givc"' the scabbilily pl'Oblcm 01 d isplaying image'S concurrently on a h,ndl ... IJ 

dev ice, one ,01 Ul!on 15 10 lrade off 'pan' lor time, by showi ng portinn, o[ ll .... phe>to 

n,llc'ction o"~r a ~'t'ricx! of lime. Special controls ,llow ,,><'''' tn ,earch through 11", 

c'emlen!>, by "'Mblin" them to no,-ig<,te' through til .. photo colkdjon . An example of 

,uc'h a te~'hni 'lu~ is R'piJ Se,ial VislLal Pre"'nt~tion (l{SVl'j ]119]_ whe,~ tilt' m('<;t 

lOllunOTl an<,logy b that 01 riffling tluough a book where moment;lrily ,~e"'g each 

p<tg~ allows you to a»e'" th., content. Olh~r pre",nlalion moJe, allow im~ge', to be 

dhpla},<'d al seveI,,1 fixl'J 1<><:<1Iion, on the ,crt ..... n [1 JRj. 

Apple's iFoci I'hoto PI p""' idt>S a photo search solution for r"l'odly scl'Olltilg 

tluough photq;r;'ph,. II ,,\'Crcome', the ><'TC,<-'n ,i,zl'limitMion, b y ImJin~ space [or 

time. Once an alhum is ""leeted, Ihe' photogr<,phs arc dbpl.'yt>d in a 5x~ grid of 

thurnbnaib (see rigure 2.h) . /\ thumbnail l~n I,.. "n]ug.'d te> fillihe screen. The iog-
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Chapter 2 

23 Inloffi1.a\ion Acccss 

wlx'C'I is u,..,d to rapidly semll thro ugh the thumbnails. It ,,In "Iw bt' u""d the 

["pidl} stroll Ihrou",h fu ll sized images, 

Fig"" 2.6; H'od rhoto Ileft), dos~ up of the s<r~~n (right\. 

M,usd~n dlx! Jon~s [56J ~xP"',s d i"PJX'inlment with lhc l,ck 01 smooth transition;; 

behv~"'n the two pre'ent"tion mude, (the thumbnail "iew and ~1C hIll -sized im,,[;e 

vicw) to maint"in ~,e conk' t. Anoth.c r ""nC~rn h thai the thumbnails arc l()() , mall 

ll) let you lel :"'u distinguish v,,,;Mion> of the ",me slxlt For e'"'''ple, a ",<tie, l)f 

pidLIr~' tI"l are I'ken with a camera's rapid sho l leah[[c, 'lhe lack 01 inteIllll'di,,,y 

Ihuml""il ,ize, makes it is diilicull to comparc neighboring photo[;mphs, 

Derthi"k [29J "n a number of sludie, 10 in\'estigule ~,c dfecti"cn5s l,r P"Idllci 

pre,..,nl,lil)n (,howing ~ grid of thumbnails) versu;; ",,' ridl pr~sel1l,'1iun ('huwing a 

single im,'gc) using tWl' control moo"litie;;, scrollinl': Jnd RSVP, He del-eloped four 

inlerfiICes; paI~llel presentation using ;;ctolling (PS), JMtoliel presentation using 

RSVI', seridl pre;;ent"tiol1 u;;i,,[; ,crull ing- (SS) "nd ,eri,1 prcsenlation u,ing RSVP. 

He fmmd th" t th" PS techniq",' WoS siflnifi""ntly i",teJ' than SS tedUlique at locating 

,i t,ug~t in'"gc' from ~ colll~,lion 01 200. Howevcr, lhere were no oth,,[ sil,'Ylilic,mt 
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Ch<lpt~r 1 

2,3 Informalion Access 

diik'rences, Inter<'stingly, his participanls preierred scrolling in lerfaces 10 the RSVI' 

ones, 'I hey iliso prderred seriili presenlaliorl' over parallel presenlation .. , 

Static Mixed Slide show 

Spence and hi' colleagues [llS] conduc ted a much mor~ "go",u .. exp~rinwntai 

.. lUdy 10 identify the best pre,entaUon mode for displaying image .. (se~ r;gur~ 2.7) 

They crealed Ihree mode" sialic (showing 16 image, concHrtenlly), lIIixed ( .. howing 

4 imagt'S cnncuttenily) "nd slideslww (showing a ,;ngle in"'ge at " lime), Th~ 

prest'ntot ion time W~, d€P<'nJ~nt on Iht> nLlmb<'r 01 im"se, ,hc,wn CO\KllTrently. For 

example, if tht d llr"licm lOT a sinsle ;m"I;<' """S lOiJms, II ... 8Mic m"de w,,, 

di'plRyed for 1.6 seconds, the mi:n'ri fOT .JO:Jms and Ihe ~liJdwu' for lOOms. For e"ch 

pre'entation mode, H"'''" were required 10 locate a .'iingle largel im"ge from a 

(o ilt'di"n of M, .. hown al rour different presentat ion rates, u',Illg Ihree differen l 

screen size, (simulating a desklop computer screen, a l'DA screen and a mobile 

phone ",:reen), In the'ir study, "sers found it d iffinllt to identify im,'ses that were' 

display<'d for kss than 100m,. Thc'Y found the ;Iih,how mode particularly diificuJt 

when the pre's<-'nt"lion time wa, kss than loom, _ O'-~T"I I , the mjwd mode w~s the' 

le.st ,'mlT pron~ _ It w." . Iso Iht> m",1 pr€f~rr~d mode. 
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Chapler 2 

2,3 in i"rmati('n A"c~"" 

D 

rigur. 2.8: (AI I1mmbnail loyout. IBI flip-;;:uumjug I.'yout, IC) photo, anim,le .Iong Ih~ 

"Z" >h,ped motion p .• th. The drawn-in p,th in the figmo i. nol vi.ibj~ on Ih~ .clu.,1 

interf.c., .nd WI the /?~vp I .• yout [125]. 

IVang and his mll~agll"" [1211j r""~ntly nmJuct..J " study t(' finJ the "f)timai 

combin~tion betwecn presentation modes ,md physical control modalilies, nl~y 

d~veh'p'ed .' total of ninc diffcrent visu,d photo se.!Tch lools consis ting 01 threc 

prcsentMion modes (lnd threc control mod.,lities (see bb'llre 2,S). Thc three 
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Chapter 2 

2,3 Iniormalinn Acees .. 

pre"L'I1lalinn mrxle .. were a lradilinn,l! Thum['"aill,'ynut, a Flip7enm I'ynul and an 

RS liP laynu I shm";n,; a single im~ge "t a lime. Th~ thr<* phy,ical "''''tml ",odalitie, 

were a jag-nial, a squ,'eze sell<;l)r and a did-based Oil-sac"" call1mJ, 

They develnped a mndel to calegorize the search !r>nls acmrding In Cognitia1l and 

Ma1lip"/,,U01l (St.>e r.igtlTe 2,9}. Cogllitioll rd~rs In how w~11 th~ uSt.'r is abl~ to 

ClKllp,-.. h.,,,,1 whM is on th.' dbpl"y. Mr."ij!~hlll<)>l ",iers to how dfLo'ctivd} the user 

i, "bl .. to mJni pu)"t .. the control mo,dality. 

Cogn ition 

Ssnse off'l.cs I 
/ Thl."1bnad 

! 

( 
J , , , 

• Fllpzoom 

RSVf-' -~ 
Altel1llon feG'" 

Manipulation 

Control-sO'ect cOll~llI1g 
Glick 

S~Uttzt 

lr.nsport s<,eed 

Figure 2.9: CO!l"ition- Ma",p"latinn r"me"ork Cog";tiolO rder .• [0 h ow woll lho u.,er i. 

abl~ to tomp,.h. " J ,,'h,t i. "" t he d i,'pt"y , ,\fm,ipulnliolO yo re," 10 how dterlh'ely lho 

u,e, is able to ,,,,,nipu i . te lho '0,,1 ,oi mod,tity Insl. 

Tn lt'nllS o.f Cog1lilion, they fncus nn two heinl's thill il'" important for inklge 

""Mellin,;: the use]"S sense of pbee (context) unci the (kgr~e uf attentiun funls ~n 

interface elicits. The 'Jh"mbno,J ),'yuut provides significant ,d]se of place; ho.we\'~.,­

the viewer is requirc'll to splil his ,\tl<'ntion "cn,"s the' entir .. ,;eT<"n, Tlw RS \-'P layo.ul 

"llows lh,' user to ,'xami ne a sinSle phutograph almu'i inunediately, aUnwing " high 

"Uentinn focus at the ex\x'nse uf cont~'t (or ",m* nf place}. TI,e 1'lip:l.oo", l"youl is ,\ 

compromi"-' klwc'Cn tl,.. two. 
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Chapter 2 

2.3 Information Access 

In terms of Manipulation they focus on two factors; the transport speed and the 

control-effect coupling. The squeeze modality allows the user to scroll through the 

images at various user controlled speeds. It also has the loosest coupling, since it 

provides the most indirect control, mapping the pressure exerted on the sensor to 

the scroll speed. With the click modality users have to explicitly click a "next" or 

"previous" button to scroll through a photo collection. The transport speed is also 

limited by the users tapping ability. The click modality has a high control effect 

coupling as each click advances photos by one unit. The jog-dial modality provides a 

compromise between the two. Its onloff nature allows it to be mapped to scroll 

speeds the average user can follow. One limitation is that users cannot accelerate to 

rapidly scroll through irrelevant pictures or decelerate when approaching more 

relevant pictures. In terms of control-effect coupling, it is placed between the two 

extremities. It is less coupled than the click modality as you can hold the jog-dial in 

the up or down position, allowing scrolling to continue without any further user 

input. It is more coupled than the squeeze modality because of its onloff nature. 

For both Cognition and Manipulation, a high value on either axis is desirable. 

However, they are mutually conflicting. For example, a high attention focus 

requires sacrifices in sense of place. Similarly, high transport speeds can lead to a 

feeling of less control. The interaction between Cognition and Manipulation is equally 

important to consider and understand. For example, the Thumbnail modality is best 

coupled with a lower transport speed, due to its low attention focus and resulting 

absorption delays, whereas the RSVP modality is likely to require a higher transport 

speed. 

To investigate all these issues, Wang and his colleagues [128] conducted a multi­

factor experiment. They found no significant differences between the three 

presentation modes in terms of the time taken to locate photographs and the success 

rate in completing tasks. The RSVP layout was the most preferred presentation 

mode. Participants felt that it had the most appropriate photo size. Overall, the Jog­

dial modality performed the best. This result was somewhat surprising for the 

authors as they expected the Squeeze modality to out-perform the rest. The Squeeze 

modality was actually perceived to be the least reliable due to this dynamic control. 
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Chapter 2 

2.4 Designing visual photo search tools for small screen devices 

The authors felt that this was due to the pressure sensor being too sensitive. 

Consequently users would frequently overshoot target photographs. In terms of 

their model, they suspect that the control-effect coupling for the Squeeze modality is 

currently not tight enough. However, the authors concede that it would be difficult 

to find a single operating parameter to suit all users. They recommend the need to 

personalize the slope of the pressure/ speed function automatically. 

All these studies point to the need for dynamic control of the presentation mode and 

the control modality. Spence and his colleagues [118] found that the Mixed 

presentation mode (showing a few large images) was the least error prone and the 

most preferred mode. This is because it provides the best compromise between 

context and detail. In the Slideshow mode (detail view), it is difficult to compare 

adjacent images as only a single image is shown at a time. It is not surprising that 

this mode was the most error prone as it suffers from a lack of context. In the Fixed 

mode (thumbnail view), photographs are too small to distinguish features between 

similar photographs. Ideally users should be able to adjust the level of detail that is 

shown to suit their informational needs. Similarly, in Derthick's study [29] users 

preferred scrolling to RSVP. The scrolling interface allowed more dynamic control, 

enabling users to rapidly navigate towards a target photo and slow down on 

reaching neighboring images, whereas with the RSVP interface a constant 

presentation rate was maintained. Providing dynamic control of the presentation 

rate is not enough. Wang and his colleagues point out the need to automatically 

customize controls to suit user needs. 

2.4 Designing visual photo search tools for small screen devices 

The discussion on visual photo search tools thus far has focused on presentation 

modes and control modalities. It is also important to consider the cognitive 

processes and activities users are engaged in when navigating through a photo 

collection. 

2.4.1 A framework for navigation 

Several researchers [8][120][130] have proposed general frameworks for 

decomposing navigational tasks into their constituent parts. Spence's model [120] is 
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Cha pter2 

2A Designi ng vi.,uaj photo ",a,eh tooL, for _,mall screen dcvices 

applicable to a whole r,mgc of navig"tion task;. His fr~mework dl'Comf'Oscs 

navigation into four cognitive activities: ",,,,,ching and browsing; formatiun of the 

jnt~rn.,1 model; interprt'lation of th~ intern.,l modd and fcmn~tion of ~ rctril','al 

't,at~gy (_,,,.. figure 2.10). Together, ~oese st,'ges fonn a single cyclc of ~n iterative 

na\'i!lalion pmce,s 

--- -
Interpret 

rigure 2.10: Spence" fromework for n»'ig, jio n [28 ) 

Tn the brn1l'si1!S sta!le, a uw' 1",-,"-' throu!lh th~ content to see what is tllt're. In the 

model ,t"!le, cuntent .cquired by browsi ng i, ""cd in the formalion of an intern.,j 

mudd (cogn itive map). In tr.., i"/fryJfrlaliv» ,t"gl', thl' ;nlern~1 mudd is used tu 

decide whcther the g["') h..,d tx-<,n rcached or whether the browsing stmtegr should 

be revis~d. In the fanm.lote R broIVs/us strategy stage, thc browsing stmlegy is revised 

and a new direction for browsi ng is chosen. This proccss c,m be cognitivc (driven by 

the in!crpret~hon of" new ide~) or perceptual (influl'nu'd by whdl is d isplayed) 

Dc, Brl1ijn and Sp"nce [2RJ u"",J thb framework 10 ill\"~sligd!e tlw consequences of 

th~ space-tilne trade-off for information lmnsfer. Their primary focus w~s on the 

hr_'t two stages of tloe framework (searching and browsing, and the formation of an 

internal model) a~ Ihese slages h.1\'e tloe biggcst impi\C! on the lIs~bilit)' of ~ 
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Chapter 2 

2.4 Uc.'igning visual phutu se~rdl tllOj; 1m ,m,lll.'KT=' devicc., 

nilvigilh()n·bilsN technique. Th<'y s~lte Ihilt Ihc limiting filcl() , 1m k chni'lu<'s th~1 

lrade-of! space for time L, Ihe human viwal system, as there is a lower limil for 

pre.,entation time beyond whidl an item cmUlol be pro. __ c.,sed hIlly. This limit is not 

Ihe,t, but depends largely on the nalure of thc lilSk. De.'igning an eflective 

n~vigalion ledmique requircs carelul comi,tcration ollhis tactM. 

2.4.2 Design implications for searching 

F()r "'Mching, wh<'n the targd im'gl" are known, the' ViSU,ll 'ystt'm m"y perfoml 

"tt<'ntiuml sd<'diun, " .. h<'r~ p()t~ntial t"rgets ~re rrocessed more full y t h ~n uther, in 

the ' tream!J Ul1!1l5] I'his me"n, th"t when loc~ting" t~rget im~ge the rresen lation 

time C,ln be much less th"n thc tutal time I"",d L-ci to process mch image fully ]28]. 

The ",arch time depend., on whether Ihe altentionill ""led;"" !ake8 ~)l .ce h.""d On 

visual cues (e.g. tlw appearance is known) ,,, c' t~gnric" l cues (e.g. ""arching h,wd 

on a description), as ""l"'-iion bas"d On Vi",~ll cues can take pbce at ]ugl",r 

prewnlatlon ra les Ihan ",ledion based On cat,-gorical CUeS [2RI. 

PerSO<1al photogr"phs are oft.-n c"ptu red in hurs!s [401. The tIn", JifierenQ' bet",een 

pl\()t()grdphs in " h,"s t (nr cl" ,kr) tenJs to I", S"Mlier than Ih" time' diif<'rl'nc'e 

het"',,<,n clusters [~OJ. R()Jden and W()od ()h"'"ed that ~)hot"gr'phs thill talen at 

tl\(' same time ' re ()ften "iollally simil" [R7J. Th.'se features ,,"n be <'xploitl'd t() 

"1Ju,,,, hil;hcr rresent,' h()n rat", by gi" hll; til<.' illu ,;ion of , muving C'()ix'rent Sl~' LX' ~s 

in cinem" [25], Thi, me".ns th~t e"ch imal;e doc, not need tu be processed fully ~s 

a,tditiona] infomwtion requirements can be obl,'ined frum subsecluent fr""n"s [12:]. 

Howewr, ii oJpcent imag~., ,u" nol similar. maintaining 11", .,ame rate will res ult in 

im.ge< n()t be int; f"lly re,;olved. 

If the u,,-,r is "-'~rc h ing for multiple it<-ms, tll<.' icienhfimti()n uf ()nt' m,lY interf<'rl' 

with the iJl'nl ii iColion of whseCJ"enl target,; [1.11. This ~)h''nom~Tlon is ~nown as the 

dlknlion.l h lin l [lOl]. II las!,; [or ""wra] hundred millisecon,t, afl.-r U", 

identification ()I the first targel [lIll]. The consequencc 01 Ihis is th"t .,ubsequent 

targ"'s may not be processed fully. Fur ex"mple, if ~ I~rget im~ge appeilr~ d<>se t() ~ 

landmark, the i,kntifi,'a\i()n ()f the l'nd"Mrk i"" l;e no"y in teri('TC' ,,·ith the 

iden lific ~ti()n ()f the target in"'t;e [2S] 
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2.-1.3 Design implications for browsing 

Chap ter 2 

2,', Summary 

When bmwsing, Uflt'l':S s~~rt wit h a p"rlially ddined goal and look through the 

<:()n ll'ntln ",e wh,l is there, As they ,cquire mnre infnrmation by browsi ng, Speoce 

[281 n<.lle' thM '0 intern,1 model b forn,ed 'nd ,...fin..J through ao iterative 

'Mvigation pl"O<:e". TIle o\'e" ll objedive b In defin l' the goal ,nd I].,., n hwale I].,., 

tMgd. 1'0 a"i,t u"'"' in tlw formation of an intern~l model the user mu.t l:>te oble to 

procc" and . tore informotion on each image. I'herdore the dfectivencss of " 

navigation tcdmique is ~lso dependent on how well users can recoil itcm. 111 un 

information stream. 'lhe ability to memorizc item. is dependen t on factors such '" 

the similarit .. of phologmphs ,md the prescutation time [28]. A. Ihe prescntoliou 

time d,'creaSt's the ability to memnrize il,'ms diminishes dramatically, from very 

gr>n<l w].,.,n the preSt'nta tin" tn",' i, set tn S St'mnds to very pcl<.ll· when I].,., 

pr..,..,ntation time is only 100m, ]511. TI,i, .llggL-';ts th,,! not more t h~n 10 im~ges 

,hould iJ.t, ,hown each " .. mnd 

llowe\'er. there ~re nllmber of studie. th.at sugge.t thal more infonnalion about 

individual items in , stre'm is hcing proce.scd than is apparenl from uscr 

p"rforman"e in memory reco~;nition Ie.t. 128 11 7711 1211. It may be the c"sc that 

sufficient infOlm~tion is processed to create illl intern"l mooel nf the cont~ n t, e,'en 

though indi,'idual items arc nol fully processed, These findings are supported by 

fsc "nd his colleogues 11221. who found thai user s "e "ble In de lermine the gist of 

"idl"'ClS ofter being s,hown key frame. "t" prescnlution rate of Iii fr~mcs pef <;t'cond 

using RSVP. Howe"er, ~leir recall nf individual frame, W", pn'" Furthermnre. 

Murcel [77J r~pnrb that when showing information for 0 brief period. more 

iniormation;. al'aiioble than ;vh"t can be reported by the ooselTer. 

2.5 SlIIlImary 

Section 2,] introduces the t'ielc1 ot Hum"n-Computer Inkractinn. g.,<:tion 2.2 

discusses the human lactors in photo .eurdling. <;Ccllon 23 discusses the linkages 

between two methods of inlorm"tion occcss, searching ilnd browsing. It also 

""nduc" " crilil',1 ,,,,,Iy, i, of l'urrent pholo seorch .oiutions, S. .. ction 2,4 use, 

f"mework for n,vig'tion In de,,:ribc ,orne de'ig-n impli"otions for photo ,e3T't, 
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tools. -mis S<.'<'Iion tevi<'IV_' the background liler,'ltLl'~ "nd di<C1""" Ih~ COllt", 01 

re«'"n:h th,,! is 101lNH'd_ 

Tili, ehilpl<'r high lighls il number nl u>er nced< and !h~ in~bility 01 ""m'Tlt, ,y,!<'m, 

to ,upport thl'm , When "'-'''",'hing ior phot"gr"ph<, pe"pl ~ "r~ li""ly 10 look lor 

tvml" singh ilnd prup"rlie, rlO5]. Depending em how \\~ll-ddin~d th~ ",,, ,,:h 

rl'c1uirl'm<'nL, MC, lhey mighl dxt to «'~nt. ()C b row",,_ WIx'n the' ",-'~rch 

rl'c1uirl'ment, C,1n c..., speciiied pred",ly, "'Mching (or 'lLJ~ryin!;) provid~, .'n 

dficienl way to dinxlly accc" Ih~ dal,' Wlwn ,h~ '~'1r<'h t~q1Jireml'nls ,'anI",t be 

expl'c<<<'d pr~cis~ly, brow"n!; provid~s "n "ltcmiltiV<' s,-,areh stril tl'gy ",Ix'rc U"-'rS 

.'r~ 'rM~d from II", JiffinlJtly oi having to '~x'cify il query ,1nd can lei lhcir ""arch 

rcqujrcm~nl< ",'olv~ ~s Ilwy brow"" through the' collcclion, Sc'ilrching sdulko,s 

h.w~ btecn r~t.1liwl y tln,uc,,,,,lu l du~ to th~ I,,,," 01 me,minglulm<'!"dal" fm e,xh 

im.'g~_ Brow,ing ,,,Iution< On th~ oth~r hMW do no l rd)" on user "rUlnl,llion_" Tk'j' 

m.,ke ll>t' "Ilwm.'n ,'i<LI~1 ,y,t.'m< 3bility to prcKess visu,,1 inf()Cmation quickly, 

I Ie 'W~V'>T, "ll IT,,"t browsing solutions aT<' not Ik-xibk- l'l",ugh lo aulnm"lic"l1y "djml 

!h~ pt~"'nt'tion moo" or th~ pneSl'ntalion rat<' to me<_'l u"-'r needs and dn nC1l make 

ortimal uS<.' oi Ihl' hWll,m ,isual sj's l<'m, 

rhl' fnllmving chapl<'rs "ddr<'_,_, the a llribulc_, oi _"",rching ,1nd brow<ing tlMI Me ml 

well supporled for photo scard" In Chapler 3, ,1 search lOCJI is dewloped 10 addre<.; 

lhe limi~llions of currenl visual pholo search lod, 0" ,milll di'pI3? d~"ic~, ,ueh ~, 

Ihe I.lC k 01 flex ibility in wnfigming Ihe prc"'nwli<~' mode 3nd th~ I."," 01 dj'll.'Imi,· 

control 01 th~ rr~"'Tlt.1lion ,-~lt,_ Two diH~r~nt Ih'hniq,,~, <H~ dl'\'l'lojX'd to "ddress 

til~«, i ,.<,,~s On~ 3ppro.'\<·h a u to<Tl~ti""lly conlig"rf'S th~ prl,St'ntation mcx!<- ~nd 

pn'-"'n~' linn ral<' b,'Sl'<i on user ,lClioI1S. 'Ih..' nlher apprOild, prmidc_, _"'par"le 

controls fo r the' prl'Senliltion mode ~nd pr,,,,-,"lalion ml<', 'Ill<.' ,,-'arch 1001 is 

l'v"lu"ted ~gaill't " tlmmbnail-grid brow",-' r \0 S<.'<' whether the new l<'chnic1Ul" 

provide' a signifieiln\ improV<'ment on n !l-ren \ rhoto s,-,arch solution,_1n Chapter 4, 

"n ob"'rv~tion.,1 slLldy is eond"d~d to """ wh~t is wnw!; w ith ~'isting vi,,,,,1 photo 

smrdl tool' ",', th~y ,','n be .,ddt~_l to pl'o\'i d~ ~ I¥tt,>, "'Meh ~'p"ri"nc .. in I~rm, 

tlw ("mmon phol" ",~rch t,lsh, Ioc"tinK ",'mts, si"sie;; and pmji"I'Ucs, Some dc_,iK" 

irnplic~lion, Me pwpo",d 10 iurU,e,- impr""e ti,e lcx,l. In Chapler C), ,1 small lnUow-
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Ch~ptcr 2 

2_5 SummM\i 

up sludy is moductt'd 10 clmi(y some olltw observ"lions lhal ~re !:""de in Ch,'pler 

4 Mor~ 'pedfkal ly, In inv~qigat~ w!wt!wr people prednminanlly organize 

photo,,'T"phs hy l'Vl'nt, Mld to obt_in an 'ceLl"t e r~II '""t i on of th~ tyf't' 01 m~tadat" 

lh~l is ~s5OCi~lcd with e\'ents. One m~jor finding is th~t f"'<lplc' eng~ge ;n a more 

light weight foml of ~nno talion thM i, Cl'Iltered On l'\'l'IltS, rhis p'Cticu)'Cly 

imporlnnl bec"u", it pronde-, an nllemati\'e solution lor -,upporlin!'; querr-b"S<M 

searching th~t doe" not r~ly on havin g m~laJ~t' 1m ~,ch im 'ge_ QUery-h,_",d I,hntn 

search InnIs c~n 1:><' d~sign"d h' lc>cal~ ~\'''n l, rathH tha n individual imnge8, 10 

Cha pter 6, a _",arch toni is d"vetop~d h,lSt'd no tlw Ll S<' r ol>"..rvat ions and d~,ign 

unplic' tion, pr e_",ot ~d in Chnpt~r ~ which ~m pha,in' two "Ore r~'I ui,,'nll'ots: Ii r, tty, 

the n~c'<l lo r tll<' 'Nr('h toul tu IOCMl' l'w'nt, r,'pidly and second ly, thl' lll'Cd to 

provide multipl~ nt~th,)<h to l","te ~Vl'nb , Th<· "",,-h tool int<'g<,ks multipk 

,NTCh k<:hniqu~s MO Hnd l'H' nt " Tlll''''-' inO'lu dl' , 'I",'ry-b_Sl'd techni'lue and tIll' 

,';,u,t phuto s,-" ,,'h te<:hni'l"'''' prc'''-'t1tc'<l in Chapters 3 and ~. Some de'ign 

b",idel ;T\l" arl' proposl'd for h lture system:; b~sc'<l OIl a user ev~1 mtion of lhis lool, 
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Chapter 3 

Improving current photo search tools 

3.1 I lltf(J(/lIctioll 

The aim [)i this chap ler is develop" visu" l phot" ",,"feh tool for small d isplay 

dC"ices. The Icq ui,,-'menls I[)r this ionl "r~ ba . ...., d On the limitat ions oi current "i'U.11 

photo .'<cMch tool .. which W~Ie iden lil, ed in the pred"lL' ( hapt~r_ '1'0 sup", r! "",,,8 

m'<-'cls more . Jcqua tely the',", tools nUiSl: 

• Allow the I'rfi<'liin/;(ln mc>de 10 1'<, dy,,~m"Ar¥ umfi!J,,,,,bie. Th., visual photo 

",-'arch l<-c-Im i(lu l's preientcd in this chap ter all[)w the pr"""nlali()n mooc In 

be automa tic.l ly adjusted so tha i the " P propri"t~ l~vd nf dd,H (an be 

""ledcd. 

• Provide' a Ulntmi m(liinlify Ii"" a',v""miwUv OII}I"!' the presl.'flirilj"" mil', Th<.­

,'isual photo ,earch tl'Clmi(lu l's abo allow "_"'IS to adi"s! the p,,-'-,cn lalion 

rale. This is essential 1m suppmtin£; atten ti[)nal wlection (sc~ Chapter 2,·1.2) 

,nd ,1."" as,i8linf; tL,".<"8 in f"c,ce"inf; and slnrinf; ,nfnrmatieJn em ~.ch i maf;" 

( ...... .., Ch'pler 2.4,3), 

• S"I'I,,'rt ;w'<mn/iZ"iiun, The mool'ls and al£;oriLl=s us"d 0"" kl'pt as simple 

a~ F[)ssibl~ t[) mak~ it ~osy to ('u~torniz~ the search t~('hni(IUl's_ 

• Make "Ftimu! ""'" r~,f li/e irum,,,, "is"",' , ys[em , Twn diller~nt apprr",cl"", a,~ 

uS<'d t[) make np timol usc oi the humo[) \[i8U, 1 ,y,tem, One app""ch 

autmn.tically adjusts the ,isHol ilnw nf inf[)mlatinn to mointain t[) optin'kll 

ratl' ot which thl' humon visual ~:'skm c,m P"x-~ss infonn.1tion. 1t pr~wnts 

th<> v isua l syst~m flUm J;><>ing owrload€d 'flw othN apprni\<h provides 

manlLa l mnl"'l nf tlw vi""l ~n"'_ 
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Chapter 3 

3.11ntmdlLclion 

The de.ign appmach that i, u<;cd i, t[) devel[)p the t()[)1 is deliberately innerncntal 

rall,,'r lh,n rev[)luti(mary. Whitaker, Tervccn and Sardi [J32] n[)te that while 

revollLtionary design is vital for making progress, dt,.igne" sl)Quld always try to 

improv~ existing w[)rk. Only wh~n prior work can no longer k improved doe, it 

make, ,~n,~ to 1L.,., a r~volutiot\ary apprC>ach. Boardm", [12] nDtes that "a radical 

inwntion doe, tlOt n~c~,""rny ~nt~il a ,trong wntribuliDn in t~rm, of He! 

knowl,.dg~, ~sp.,dally ilno ~\'al uation h', been performed" Tnnemctltal d~,igtl , 

~ llow dir",,·t "ompMi><\lh to be Inad~ with l·xi,ting work. HleY prom'>t~ ,y,tem 

"pt~h' and al,[) take' iKlvantage [)i user familiality. F[)llowing an incr"mmt~l 

approach docs not mean further mort' ambi tiOlLS changes Gill n[)t be milde. Once ~,e 

initial changes have been e\'aluated, ,lIb"'quent refin~m,,'h c"n b~ m"d~", pMt of 

an iterative uSt'r-centt'red de:<ign prcx,es.. 1he efleds of any reiin~m~nts ar~ 

snutinized ,tur ing a de.ign cyde and are more ea.ily tLnde"tnod becalL'" Ihey can 

be wmpared ID a previous d~,ign ]112j Thb ~\'olutiDfklr}' d~,ign facilitMe; th~ 

cr~ation of know I ~dg~. 

3.1.1 Outline 

Thio ch~pt~r f"~"""b th~ inn~m~ntal ,l~,ign, impl~m~ntation Jnd ev~lu~tion 01 ~ 

photo ""Jr<'h tool that ,uPfXJrt' thr"" difler~nt \'ioual photo ""arch tedmiques, two 

n()V~1 le<'hni'l"~S and one mOre tr.>ditiOilal tl-dmique'. Secti[)n 3.2 provide, a critical 

~nJlr'is of diife'rent method, that allo,," u,e," t[) vi.ually ",arch through large 

information spaces. Speed Dependent Automatic Z[)[)ming (SDAZ) i, id~ntifi~d a, a 

5llitablc appmilch, due to it. ability to ~ddre" the limitation , h ighlighted in s.,.·tion 

3.1. Soxtion J.3 discusse. the mechani", [)l the SDAZ t""hniqu~. s.cction 3A d iOC lL"'-"" 

<;orne alg[)rithmic extensions that Me mad~ t[) SDAZ t[) mak" it mor~ ,tLitabk for 

'lllall display •. SeCti[)ll 3S di",u,,,,,, hDW thi s t,,:hniqu~ ;, ",cd to <Tc.'t~ two no\'d 

vi,ual ph[)to search technique •. It abo dioctJ"e, till> d~,ign Jnd ,1~v~lopment of a 

tr~dition~l visual photo scMch interface. Soxtion 3.6 e\'illuates the new intertace. 

JgJin,t the triKlitional interface in term, Dt u<;t'r peri[)rm"lCe and subje<:tive 

prd~rcnce,. Scdion 3.7 ,urrunariz(" the major iindings and provides an outl[)[)!.. tor 

sub"..qlLent ,·hJpters. 
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3.2 BackgrOi/lld 

Chapler .1 

.1,2 ~ackgrmmd 
- ---------'-

'A probl~m humans e'p ... i~r.:~ in Iheir e.eryday liws i, hadng too many things to 

put in " limited :;pa<~: f"'njjur~ in d hotlse, boob on ,hel,'e" windows OIl a 

compukr sue~n, ,1;,\" to displ.'y on a POA' [78]. The information explo<ion in th~ 

la,t hundred y~drs has 'T~"ted inform.l!ion 'PM", tiMt are often too lu))e !o be 

displayed on a single scr .... " . l),;,cumenls, wt'b pages, >predd sh .... t" dnd pictures are 

enmples oi inform~tion 'paccs that commonly ,uffer from thi' problem 

One way nf dealing with thi' prcsentation problcm invokc, showing a portinn of 

the inlomutinn space on the s.creen and pm\'iding controls to na\'igate through the 

inlmmation space, Somc common contml, are scmlling, panning ilnd zoommg, 

S<.rolling and panning are used to bring dala in and out of the "isihle area Zooming 

i, u'<."J to increas~ or dee red,., th~ si7e of th~ informdti"n 'pac~ thM is "i,ihle on th" 

screen 

Although many ~pplic~tion' adopt these b~sic lunctions, tl",rc are number 

limitation, in the navig~tion they provide. Igarashi and HindJcy [4Y1 note that 

when browsing a documffit u>e" ha\'c to shilt thcir locu, between thc document 

and the s.crollbar, This cau"" an attentional O\'erhead "nd also increa"'-'S the 

opcralional lime. Thcy also nb,..,,,'e that when browsing large documents, ,,,nall 

scrollbar movement, result in large mO\'emenls nf the document, Thi ' can 

disoriental€ and ,'onfu,e U,""fS, Co<kburn and Savage [211 nnte Ih"t !>e<'au"" 

zooming (hanges th~ size of the inf,"mation 'p,,'e that is visible, mor~ ",rollin)) is 

requi red" hen z()(lmed in and I~" when Loomed out to na\'igate thc same dist,lncc_ 

In order to prt'(jict scroll hd[ interactions, u>cr mu,t underst~nd thc rdation;.h ip 

betw"",", the scroll di,tance and thc znom level. Furthermore, when panning i, not 

,upported in ;m dPplintion, u .... " Me restricted to independt'Tlt hori/,ontal and 

vertical controls. TIlis requires a greater nurn ""r of int~rf",,~ ." tions a, ndv igaU,,,, in 

other dircctinn, (,uch as diagnnallyJ requires at least two "'mlling oremliolls, These 

problem, are 01 "'- ~n greater C()flcem nn sm~ll di 'play devices, such a, i'DAs and 

mobilc phone, as tlw portion oi thc inlom,ation spacc that i, visible is much sm.,lkr 

than standard desktop displap_ ['he implic"tion i, that morc scwlling, p~nni ng "nd 
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Chapter 3 

3,2 [l"ckpocmd 

,ooming i, requiTed to nav-is"te iniorm~hon "P"Cl'S when C011\'l'ntion,,1 n""ig"lion 

mech~n isms Ml' u""d_ 

Two d"",ic solu tions to this p roblem Me O"l' lTil'w-"nd-det"il i\Ild locus-Md­

,,"' te~t. TIw o\'~T\' i.'w-dH" i l " ppm.lch , im ult" nl'ou,ly d ispby> two S<'}'Matl' views, 

one ior ,ontl'xt ~nd the ,,(h l'r for dl'Wi!. Chitt.lro )20 ) notes that '-"lthoush thi, 

apprwch i, fNsible on desktop computers, it tends to lail on mobile devices, 'rhe 

Iimitl'd SCU'l'Il sp.lce mdh" it difficult to wl" tl' th.: tv.'o "iew" .lnd il c~n eVl'Il be 

impossible to properly fi I them on Ihl' ,,,me ,creen.' 'rhis approach also iorce, uSt'rs 

10 m.'ntally i nt~gral~ the contcxt Md d~tail views, An op<'rulinna l ovcrh""d is also 

inclirred itl m lwing betWH'n tht' two "iews, An" Uwr dBign apprr,,"ch for the 

o,'e,,'it'w-an d -d~laiJ d~sif7' pa ll ern nn mnbile dt'v i",', is a Ollt'-wiadow- d rill down, 

where uSt'" are initi"ll y ,hown an ov.',.".-i~w and can dri ll dnwn to d~w dt'taii. This 

appro.lch maximiz!', tilt' USt' of Ih" li m il.'d ,cn'~n l't'al-"'I~ t., and can be pmt icu].,rly 

dlt'cl1\'t' in guiding navigation wht'n tilt' o\-H\-it'w (.Ii'plays nbjf'cts Ihal arf' of 

in t~r~,t tn the lLser, Ont' l'~asnn why th is apP",," ch has Mll " ""d l ~ss on mobile 

d~vict's is dut' to Ih" scalabil ity i " tI ~ which relates ci iL't'elly to Ihl' silA' of Ik 

o\'Hvi~w_ When tlw mom facior;" hIgh, Il¥ (WN\'lew c~n ,h L'i nk too much ill s i,e, 

owu ri ng point" of inkresl ~nd m~king mdn iplLl~ti,'n d iffi cult io'- U """_ 

' 111~ locu s--<:o n te~1 ~ppTO.1C" ink"r~tes the N'Cr\'ie" dnd det,'il "ilh in " s i ""leo d ew 

One cX"-mplc of this approach is the fish-cy~ vi~w " hich m"".,ifies obj<-'Cts " t the 

point oi focus and progrcssi,-dy dt'cre"",,s the size of mOlC dist"nl objects, 

Implemenlinf( an ~fiici.'nt fish-~yt' d~w on a mobilt' d",'iCt' in llt'ither casy nor 

elft.;,ti , e 110':; J. Tl", !';ranularily 01 tllt' control dt"Ch'a,", ~, the informa lion SP.1Ct' g~I' 

brger, JT1"k inS it h~rdeT to le'c"lc' .1 tM"ct chi,',t The "rad"ally i",rN,i n" 

m"gni li ,~ti,'" m,'kes t"'f(els mo,-~ i.1SIl'r ~nd 1."Il' r th t' dowr Iht'y Mt' I" tht' foral 

fX,int. Th i, mdkc, if d illicult 10 acqu iL't' lar!';"ts as tlit'y modng fast~sl wht-n th t' 

poin t of f<", " s is d irecd y 0'-'" the target )·1 1 I, 

Another ~pproach fnr ad d l'~"sinf; tIlt' limit"tions of conv~ntion"l na\'i,,~tion 

m~ch,-l n i"'n, r~ lain, trad ition,,1 scroll "nd zoom ftUlctio", but proYide, "ltl'm.1\i",' 

inpn t mechanisms, For ex~mplc. some "m.l n SCll"''' devi,,'s haw " hl'd con twl, or 
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Ch.'pt~r 3 

3_3 Sp<-'ed de'p<-'micont "utom"t i," /O<ltninr; 

joystid, thM c.ln hl' used lor scrllll inr;. tll , ll~v;'1 t.- wm~ 01 tI", as"-><'iat,,-1 problem_., 

such as the attentio naJ oH'Ihe' alL One attendan t pwhk-m tho ugh is that a,; tll<' sc",ll­

,.ate incre."", th e flow of infom1ation become~ too great for u ;.ers to p<-'fC<-'iH', 

resuUmg in ,'isual bluning ond consequent ll"''' disorien ta tion, 

To counkr this vis ual blu rr ing 19ua,;hL ",d H inckl.-y 1 .. 11 prclp'-'",-'d 5»<,<,<-1 

Dc'pendent ... utllnlatic Zlxlming. A, the scroll sp<-'Cd inere'a"", the' infomlMion 'pace 

is ?lxlme'd Ollj to ",dllc<-' the vi.ual flow (l" ralc' oi pi,~1 n"'v~nwnt)_ This allc,,~s 

u,;er.' tll .owll more rapi d ly thrcltJ gh an in lo rm"ticm ,;p'ce withllO ,t ov~rloading the 

"isual sy't~m_ TIle> Iced of detail that is , hown is automatically adju'kd accordi ng 

to the scwll ,peed. , hl"~ in g the' detail view when scwlling slowly ~nd progre'&ivdy 

showing less de't"il a, the' scroll 'p<-'e'd is increa><-u_ The' smooth tmnsition betwe'en 

the global overview und the magnified local "iew ussists u",rs in building a mental 

map of U,e infomlation space. The simplicity of technique makes it e",y to 

customi.:e tt) meet u_",,. needs, 

However, SOAZ ",os miginally prcl!X1S<'(! on ior d"';i<tllP d ispl""s " .• ,neaM III 

o"~rcominr; tlw problems "",-"i"teci with navigating brge inform,ltion sp~c<-'s 

nwr~ i,; • need to ad,lFt th i,; techniqul' to the' ,mall screen, Gefore doing so, it is 

nf'<:essary to e'xaminc the mechanics oi SD.-\Z. 

3.3 Speed dependent all tOllla tic zoomillg 

19MHhi and Hinckl~y 1 .. <) J 1l >C the follov.ing e''lu"tion, to comput" speed ond sC<11e, 

In Equutit)n 1 dy d~ tll)le .• tlw d ispl .c~nl<'flt 01 lX,inting dl·vice such as a mou,"",_ C is a 

const'Ult that is l1s."d to ,djllst tlw scroll .p<"f'ci. The scale b ,omput..u u>ing the 

following equation; 
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Ch~pt"' 3 

3.3 Speed dependent ~utomati( zoonting 

,0 
,\'rale =--­

.'peed 

Equotion 2 

where '"l i, a const""t that rerresents the >croll ,reed wkn z(XlI"ing commences 

(".,e Fi gllre 3. ')') . liowever, there ,re two eonc.rns with "'1\.1' tion 2. Fi "tly, no Ii mib 

Me rrovidt'Cl, so wh~n th,' WNd - G, sc"ie - "". Thb contr~dieb Fig\."e 3.h which 

show> thM ",he'll the 'i'""d - 0, scnlc' - 1 $t>condly, a> the scroll 'p"l'C! incre''''--' thi ., 

formula C~ll"">' >",Iden dror in tlw se,l~ ",d then, I<Ir"du~1 d"""'",,, there ,ft.r. 

fo ~chieve ~ pt'rceptu_'lly con,t",t ,celie chani;e, they amend EqllMiom 1 ,,.,d 2 ," 

foll,,,,'s: 

,~ 
,pa<!=-­

-,,(ule 

Eq nation 3 

hq".tion ~ 

I-'ii;ure 3.1b ilhl>trMes th~ b"havior of th",~ two ~ellL.1Iio"" !lel ow dll th~ USer C[ln 

,croll thrO\.lgh the informat ion Sr,lee withollt _"'Y /lKHn ing j,\l.ini; rl.lee. Th~ 

info"'''tion space is a lso shown ~t it ","ximum le\'el of J~t.,il. 1><>lw","n dll ,md Jj 

the S(roll speed incre~,e, M,J Ih~ /,oom level decre"",> in r_,,, lI el ," defined by 

EqUillio!1' 3 ,lnd ~, l\bove d1. no furthe r /oorning or ,,"oiling t"l.e> rbce. ,<;() 

;;f'C'Cifies th~ minim~1 zoom Ie",,\, 1'0 specific> the ,croll 'Fx'CJ M dO. 

AltholLgh the g'"rh m Fii;ur~ '),1l> reflccl> thc desircd sCl'Olling [lnd zooming 

bch" .. ior it does not accur"tdy relle<:lthc elfe<:l of thc ctju"lions. Whilc thc .,c,lle is 1 

when th~ I noU", JistmlC,' c'l"lal, dll, for "[llucs of dy grcatcr them zcro mld less thun 

1, the ",,,Ie b i;lt'att'J' than 1. Also, neither the ;;cale nor the .'pecd bccome" constant 

.1l dJ, TI'lualion;; 3 anet ~ only define thc lx'h,1\'ior b~t'H'en dO anJ Ill. OutsiJe- thi' 

rani;. the lwh[l"ior h~-, to be controlled pros",mmMically fJ'lCSC eq'hltion, _,Iso 

n.,flicl wilh the notion th~t ~(XHninS i, derendent on th~ ,croll 'reed, III faci. the 

opposite i, trl1C, the >croll '1",,,,1 i, del",ndent on !h~ 2(x>lllI,'wl. Thc zoom level i;; 

Univ
ers

ity
 of

 C
ap

e T
ow

n



d~pendent on the dispiMement of the mouse, furlhemlClre, igRmshi ilnd Hinckley 

[49) mexlified Iheir '''C[Llalion, during impienwnlalion by inlrooucing a ddily in 

,C"linll' Thi, W", nt'Ces",ry 10 a,'oid inslanlanrou, z,,,,ming to full 8ize wlwn th~ 

mom;" w~s rekJsed "nJ un,ksi,~hle "".,·lIinS aff .. d8 when Ihe 8cmlllng dire·clion 

wa,rever,..d. 

",,'. ."' .. 

b 

ig"ra,hi and Hinckley l-t~l canducted flJl i"fomlal n",bilily ev~luati'm of Iwo 

inletioct'S, " w~b brnwSt'r and a m"I' hrnwSt'r. With Ih~ w~b bmw""r, participant_ 

were rt"quired In IOCdt.' imoges usinJ; a stand"td ,,'rollinll in(etr"ce' "nd " 50,,7 

inh'rbce. Tlw I"sl.. cmnpl.,t;nn times w~re appru~imdtely equal, allhuullh ,ix out of 

seven participants prefetrecl u8inll SO"Z. With the m"p browse'r, p"rticip,mt, were 

requit<'d tu tl<\vill"tc Iu a m.>rkc'C! loc'"tiun u,ing" tr"dition~l p"rUling-~nd-zooming 

interi"ce' JnJ ,\ SOAZ interi"ce', The tJsk completion time, were 100 diverse 10 

ptuvide evide'nce rCJ;,uding the inter"ction modes, In Ihe >ubjective evalu~tion, four 

p"tti('ipdnts prcierred the SUAL inleri,lCe ftnd Ihree preferred Ihe Imdi lion"l 

P"IUling,_nd '~ollming mterface, 

Cuckburn "nd s,,"~I1~ (21) cund,,,'k'C! ., mure riJ;urous e~pcriment eV"hMtion of 

Iheit n ... n impkment"tion ul the' SDA7 dUO::Clme~t ~nd m~p vie'wing "pplic.tilln 

lhey mack use ul 811phistic,\!<'d Sr"phk"l pru,.-essll'll tc,.-hn;'ICle, tu provide morl' 

r~sponoive, smnnlh~t S('rnll "nd mum animations. Their tesults wete mtLch mure' 

prnmising ~nd show~d SDAZ in a neW light. In theit SltLdy. they fnunJ Ih"l 

p~rtidpilnt' were 22% I~sler when u,ing SDAZ than wh"n tLsing a c()mnwrcial 
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Chapler 3 

JA htl'Tld in l.; SlJAZ 10. ""., 11 d i,pbys 
------------------~ 

dc>cument vi,'w.'r. In map browsing, th e pt·durnMn", I"",wfib incre.'st0 tu 43"',. 

I'urthermOI~, workklild ao.,<,,,m,'nt,, pre/erL"'''''' dnd p"'tici p~nt's ,'001,,,,,,,15 .,ll 

aml'lifi~d the diic-ifficy ,md liiKti ,~m'" ui the dllj{I01~ ted z00ming approach. 

C""kbUrLl and Savag~ lX11 rL~'omm""d u,ing SDAZ fu r in lo{["dtion sF'''''' of 

inl~.rmediat~ .,ize. TIwy fX1int otLt that trad iti un,,1 ", rolling is suilicil'T1t fur sm"ll 

'p,we, and thM 'luery-b;,,,,,d ""arch mdhod s Me rt"lui{('d iO{ larg" sp",,,s 

(thousand, of "", ... 'n,l . Ijnlortunately, th~y do nut pwvi dc' d imensions for sm~ll, 

interm..diate or brg.· in lorm.Hion ,p,-"u; TIley do hOWl·, 'er stal" that thl' 

expt'rnn~ nt wa, cundlLct,'d '-'" a 19 inch d i'pl.,y with ;, .esohJtion of 1024 X 7Ji.8 

The dlm"",ion , 01 the i"lo{[""tion 'pa", ,'nd the r"solut ion ~.e mor" critic~l for 

sm.' II scr""n de\'ices, rake for example an informa lion spac" of 1O~4" 7(,.8 pi>.~ls, Ih e 

who le "p"c~ i.' \'i~w"ble on ~ 19 inch display (with a r~"" lul l()n 01 1024 x 7liS p'lx~ I», 

btll only 9.R~'o ol Llw 'pac., is dsibl.· on a HI' i1'AQ 4'j()0 (with a ''''''~ n ,<,,,,l"tiun ul 

320 x ~40 pixels) and 4.7% on a Nokb 6&lO (with a sert"n w,ollLtion o[ 176 x 20R 

pixels), Th" delinitions of smalL int"rmedbl" and larg., in[",mation .'pac~., mu,1 b.· 

am~nded for ~pplicntion (In small sere,'n de\-ic~." In Llw next ""ction, ,(lm~ dwngte' 

"'~ "ugg.'s l.·d to Igam.<hi and Hinckl~y's original equa~(ln, to !ak~ in to ,,,,count th~ 

proportion o[ Ih e inlormali(lll 'fMC" I1MI is v;"ibl~ (In Ilw "''''~n, 

3.4 Extending SDAZ for slIlnll displnys 

The tlt'W alXorithm, that "'~ P"'f"w'd in th;, ,~d"'n are 1(I0",ly b.,,,,,,l un Igar",hi 

dn d Tl inckky', r~d""cl equation" Lik~ igam,hi and Hinckl~y, tlw ""oil 'I'~",J is 

li tl,-,ml y dept'ndant on 11", curr~n l z(I0m lewJ, 1n lac!, 11", nolion of scmll spt't'd is 

It'piacf'(l wi Ih two fact",,, wh ich denot" 11", ciisplnc~ment in the x ~nd y dimensi(lll.'_ 

TIlt' sewll 'peed i" (omputed wi Ih the lojjowing algori lhm: 
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Chapter 3 

3,4 Extending SOA"': for small displ,,)", 
-------------------~----~~ 

sciX« 0 

sciY <'< 0 

if(no horizontal nmstraint) sdX« C • vi <;iblcAr"" • scalc\' "Iue ' dX 

if(no v"rlical c<""traint) sci Y « C • "i <;iblcAm, • scalc\' alu" • elY 

ii(bQlmd, "i information spaC<.' in X dim<'l1Sion not "i,iblc') 

""roll horizontally by . dA 

iJ(boun,l; of miotmalion sP"'''' in Y dimen,;ionn"t d<;iblc) 

scroll ,'ertically by sdY 

Algn'ithm 1 

><IX .md ><IY M~ the dbpl~c~mf'nh in the x ond y dim~n,i"n_ C b .. con<tont (wh~te 

C> (1) th"t is ust'd to conttol th~ scroll 'f*<'d- Thi, v'lue can b~ ru,tomiZl'd by u,ers. 

It can l>c U,l-d to comp<'nS<lk for diffl'[('nt d<'vice mp~biliti<". ,,,ch ~, proc<'»ing 

pow~r or hatdw~r~ gt"phic; suppott_l'i~ibleArea j, ~ r~~1 v~lu<, (U < l'i;i/!leAren <= 1) 

that indicat~s the propottion of ti", iniormation space that is currently vi,ible in th~ 

viewport wh<'n the' inforrn~tion spaC<.' i, dj'play"-d at its initidl sc~k, This "now, the 

~Igorithm to "'pport dispbys with difk[('nt SC[('<-~l rl'solution" ;ml"V<lI~(' is ~ [('al 

valu<' (U < ;cul" VIII"e <= 1) thal sp<'cifi<" the current zoom kvd. \\ihl'n the &:.ilI'V a/,," 

is I th" information 'pace;" di'play"d at its maximum level of detail , When the 

scale V"lu~ j, 0,25 th" informati"n 'pace i< ,ji'play"d at quart"r of i h mig-ina! ,ize. dx 

.. nd dy t~pre".,nt th~ dbpl~e~menl ()f ~ mou,.. in th~ , .md ". dim~n,ions ond are 

rc,tricted by the bound, of tilt' informati"n spae~ in e.,eh dim<'n,ion Til<' unit> for 

"lgorithm, l ,lnd 2 .,t~ d'·pf'nd,>nt on the input m,,<:h'ni,m th"t i, ""'d_ For 

,%"npl<" wh.,'n u,ing ~ touch scr<'l'Tl th~ unib Ml' pixds or wh<'n 'l>lng a tilt­

c"ntrollet th" unit> ar~ d~gt~~,_ 

The s('(deVIIlu" is computed "'ing Algorillml 2. The dragDist is til(' cm[('n! 

di'pl~cl'ml'Tlt of a mOU5<', min'!'hn>;huld 'pl'cifies til<' displaC<.'m<'nt of a mou,,, helow 

which only ",rolling i, op~ration,'1 and no zooming take, pl.lC~, "'a_<Thrc>;hoM 

t~ptes""l' th~ di'placem,."t of a mou,~ abo\ie which th~ sc,,,11 spt>t'd i, mdim"ined 
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" 
-['''PI'."" 1""\.'1 ",,)(Y~ lU''''' ! U!W .'ljl lhlljM "''1''1 In,> ilU!1UlllV j'''ll' rlj oN • 

-'p,moq ~Tqr.'wll" 

<>Ill UIlTII." '1 ",nom ,>tI ] )O lU~U!~J"ld5!P ~lll U""jll;' ~"qd "~,!rl "'lull :3UIUWl'Z • 

-,'1'1'''' 
'1 "''!]\1U1JOJUr "'ll 10 llJ:ilr~lJ IT"! "'-I I u"'-l'" ~)"lJ S~,!"l :lmiuoo7 ""-ll1n[ oN • 

~lq15~' ,~ 

~.wds llOIWlUJOJllI -"'l! JO '111'1.\\ IF'! ·"llll·"l." "_' ~Id •• ''1Plliu!"U0<)z J~lll·' n~ (IN • 

'",nom" TO lU~tu~""ld"lP "'-ll U1 ~:Jt1"'P " 51 ~l"'-]lll~lJ" s.mOJO ,'['Ill :JU1\lLOOZ • 

:,mll ~m""'? SlUlllW,li]V til >llO!ITP"'JJ ~"T! ~lll 

l Ulljl!",li IV 

( 1,'''1" k'l e.'SLJ ILlL-t) , I V -ll ) - ·'''1" A ~l~_'S"'Ul >" .'" Wk' l .':>' 

I (YI"'-I"<l·" I.Lll! Ul - ['["q<.., LU UUl) / (P[()'I'~ ''{lU!U' - l~!ali~lp) l"q~ » V 

O\;V 

(l\;V 

O.'\\' 

(l\;V 

I ~nw,.\ "WX;U!lU < ""W;V[l'·" 

P10l["~Jl{I ,xrlU => ]51(]:J!'lP => p'0l1s~nTl.1TI\lL 

~TqI5IA lOll") CD~JS U01]'1l(UO!ll\ jO Il]:>1"'1 nn" 
~I(P'!'~ IOU" ~Jeds UOllmlLlOjUl JO 'lIPIM nnd: 

p.,ilu,,!p s"'I1SL(lilel[' )~ j 

P~W)OI A]lU~lmJ SI ~snO\lL ~l]l LP"I." 1C r:m!<,-Wtlxv", 

[~H' P!0I1>CWi.LWW LJ;''',''pq ~JUPt'!P "lll JO uo!podoJJ "'ll 'J.XllJ~l Y ~nl!'" 

·"-iL -1110 p.l\Ul111/ ."1 ",,-,J, lL0!H'WJl'jll! "'lllPl!P' W ""ITI.\ mlllU!XUUl "'11 "~ljl=i5 

1~Li1 (l - > )1<!~fjJfU'J"lr!1II - > 0) ."' )l',\ i"~' U <! Jlrl~,PJ")S"'''' "ttl ',"'w.{PIVJS"!i"' 

~!H It' f""!j ~! i·',h'i Wl"'" ~lH pLJ~ p_i, Hon< UllllUlX"Ul "tTl W luqWOJ 

,_\qd,!p IWw, JOJ ZYOS ~U!PU"IX] tT 

f '~ldclj:) 

Univ
ers

ity
 of

 C
ap

e T
ow

n



" 

1'."1 ,,,OOL pU' po,d" \lw ,,, ')'1\ """"1\,)'1 d! 'I' UO !i"I')' ')'iI ~"iI"'l>nll! 'Ide.!~) 'n: ,),"~I~ 

Pl0 L[~"" 'lL XU lU 

;>'luqs'Cli1~JP •• --,---

a [ ~::>s :" 

PIOljQ;mu " 1m 

c 

P"''' S ' ---- ---::--..,'---1 d ;/ 

• 
JIK'S / p"",dS 

'al"'" I~U"" U '11 OJ Ul P"WUl)UU ·\I'nn"u"'1 

awd, u"llUllW'IU! ~lJl (u,"""," "'-lllJll'" P~ ltR)~ u! ,,,\iu"l "u '1 SI1]A)''' a'{1 J" r"wa[aJ 

'1 uonnq ",noU! ~ljl ""'I." '~Iduwxa JOj) .pu~ UO!P~ illI!lU]od '''-II tlC>tlM '"nom 

aq) JO luaw~~~[dS1P ~lJl oll"'-lOlllOdolJ AI~>Ja.\U! <;1 [a.,~ [ lUOOZ ~lJl ~I)tj." '",no m ~lfl 

10 luam;3.)"ldSlp a'll 0) jUU01]lodolJ ' 1 p~e>J, nODS ' lfl "p,moq ;"~'ll Ultjll.'\\ '~luJS 

!"nuou sl1 1~ Al'pmb p~llon' ') "",,d. U0I1UlU10JUl ~lJl u"'-I." ,llDX> l~lJl ~ur.L!nl'1 

Imnb,)';IK») pup ,\lO ll 1 ~IlSL' ljEllj .141 .,,,np.lJ 01 PfO'(,P.1111X1!'" 1"'.w 1)~"I"l.I'I.lW!UJ 

~4 1 \1"""'1"'< .{ll~J!WUW\nB pillsn!['\' S! l~"~ l U"'<'.< "4.1 ',"O 'I'':X)[ I"IPU! 51! W<l..LJ 

,\EME P''''''W ~ ! "'""W "'-ll U" 4 "'" ~U!S,'q jlU!ll"J.>S -uonnq ">,,,ow .> 5.)55,,,d ..L.)5n .> 

U;3W" pal~lllUI . 1 ZVO':i -~T ~JllI>!J U! P~IE'lS~ II! ~ ! ~W t{j!,o l>l" ""'I ""~41 JO JOpelp<[ 

"'lJ ·U~~JJ' ~41 41 1A\ pquro W ' ! Sn!KI' E ~ [ 14'" ,,, ",nOm ~ uO p"s'~Jd~r $! IHll\l1<[ 

.> ~1'4'" \)!dwVx,) JOJ . U01p~ SUl)UlM ~ Suunp l"'ln"."" ;31~ >lmfllJ"l>w 0·"1 "41. 

s.(U[cislP TTUlU< JOJ ZVU':i I>U! pU~j ';J n ; 

£Hld~4J 
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