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Abstract 

Therc are ~ilany clickablc items on c~nnput~cr scrccns. Each clicka1)le item is a visual 

rcprcsc.nti~t,ion of a co~nnland indicating its funct,ionalit,y. Tho problem is t,l~at tlcsig~~crs 11avc 

tllnir own concept~~al n~odcls, wl~icl~ means visual repn:scnt,at.ions of connmntls arc i~sul-tlly 

very difftwnt from or~e  tlesig~ler t,o anot,her. In atltlition, usctrs do uot always perccivc: visual 

cues t,l~t: way tallat dcsig~wrs intentlcd. In fact,. two difftwnt users may iutcrpret the S~LIIIC 

visual cut in a complctcly opposite way. A theory of how llsers know wl~ert: to click would 

ease conm~uniciltim from tlcsigl~ers t,o users. 

The theory of affordilncc, tlefil~ccl tlifferently by G i h s o ~ ~  alitl Non~ian, offers t,lw possit)il- 

ity of such i~ t,l~(:ory. Gibson (1!177) dcfiiitd afforclanw as the possiblc ac:t,ions avdablc in 

the c:nvironmctl~t t,o an animal. nor ma^^ (1988) defined itffortla~icc: as itppt5arallc.r suggest- 

ing possible uses of the object. Whilc Gibsou was referriug t,o the physical e ~ ~ v i r o i ~ ~ ~ ~ r n t , ,  

Nor~nan wits reftning to the 1nc11ta1 model. Whereas Gibson's afforclal~ce is intlepentlent of 

individilals, Noriuan's affort1anc:c 111ay be dope~~dent oil an i~~tlividual's cxperitmre. 

Designc:rs who arc aware of Nornliln's dc?finition have: applied it in t,lxir tlcsigns. Howcver, 

this tlocs not guarantee ~ ~ s e r s  perccive co~~mal~c l s  evtx t , l~ougl~ t>llc.y are visible. 011 t,lit: 

other hand. users rimy pcrceivc co~mnancls evcn thougl~ t , l~e dosign has not mct any t l t~ s ip  

guideline. This is because uscrs have. so~ne expect,ations whcrt: and how conn~~ands should 

bc rt~presc:nt,etl. 

To resolve t , l~e gap hetwcen users ant1 clesigners, we arc looking for a tl~eory of "clickti- 

bility", wliich ii~cludes but goes beyond t, l~e theory of affordawe. We first obsc:rvcd users' 

1,chavioiir perforl~~ing spec:ificd tasks on real applicat,ions. T lmc  result,s wcre a~~higuous .  

Thertrfore wc tlcvelopcd simple abstract screens, apart from any rod application. In tl~osc 

aht,raet screens, c:ucs arc: testccl separately. Basctl on t,lle t:urrcnt data, intentions a i d  con- 

t,ext direct ~ ~ s c r s '  responses. In part,ic~~lar, comnlal~d location is the nlost powc:rful factor 

of all. 111 col~c:lusio~~, t lme  are nwny factms, whicl~ art: closcly interrelated, i~lvolvctl in the 

tlesig.11 besides affordance. The t,heory of "clickubilityn must inclutlc~ all of thelr~. 
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Chapter 1 

Introduction 

Wl~eu t,llc c:on~put,t)r systcm was first int,~wIuccd to the public, it ustd c o ~ ~ n l l a ~ ~ t l  l iw 

int,erface, which is  lot. casy to  leas11 for novicv uwrs. 111 order t,o invoke conmla~~tls, uscu 

have to rcn~c:n~bcr exact words. Hc~lcc, in the 1960s and 1970s, t,llc graphical user intc~rfa(.~ 

wi~s dcvcloped [I ,  pp. 411-4191. 111 t , l~e late 1970s a11t1 cnrly 1980s, visual display units 

and pcrsonal ~orkst~at ions were developed. At the S H I I I ~  tim', word proc:cssors were also 

dcv(4opcd. By tllc mid 1980s: co~npi l t i~~g  tecl11101ogies includd ~llult,in~etlia [I. pp. 837-8391 

alltl inforluat,ion visualization [l, pp. 416-4171. This wavct of technologies brougl~t out the 

opport,unit,ies for desig~~ing addi t in~al  applicat,ions. With t,liese applicat,io~~s, t,llt: ~ O I I I ~ I I ~ C ~ S  

were available for ednc:ation and t,lLaiuillg. One of thc biggest c11allc:ngcs is t,o n ~ & e  c:o~nputcrs 

accessible i ~ n d  11srzble by otllers b(:sidcs e~lgil~ec:rs. The st,utly of ~ ~ ~ i i k i ~ ~ g  co~nput,crs 111ort' 

accessible and usizble is called Hunmn-Con~put,er h~tcract,ion (HCI). 011c izrca of such study 

is t,o i~lqxove t , l~e screen design in a graphical ~lscr intc:rfacc. 

Motivation 

There are lllally ways t,o invoke a co111mand: by kcyboartl, voice, t,ol~c,l~ sc:reen, ant1 

nlouse. Only touch scrccn and 111ol1sc rccluire users to kmw where the conn~~and is located 

011 t h  sc:rccn before i~lvoking t,llt: c o ~ u ~ ~ ~ a n d ,  wl~ich is what we are i~~t,crcsted in for tallis 

thesis. This is bccausc locat,io~~s of conln~antls are reli~tcd to  t,he scwc.11 clc.sign. 

Thcrc are many clickablt: it,cms on tllc s m w ~  along with mimy possible ways t,o (.lick 

on tllese it,enw: s i ~ ~ g k ~  or double ~nousc click, a d  left,, middle or right ~ ~ ~ o u s o  click. To 

simplify mat,trrs, wt> o111y consider a single left mouse click. A c.lickable it,cm on the scnten 

is all er~ablcd c~ont,rol (i.e. it docs s o ~ u e t l ~ i ~ ~ g  aft,er a single lt~ft,-n~ouse click). Each clickablc 

item, whicl~ represe~lt~s a conn~lancl, has soulc: fonn of visual rcprcwxt,atio~~ t,o intlicat,e its 
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functionality. To users, there are two types of visual representations: well-learned and 

rarely/fist time visual cues. We are more interested in fist use of visual cues than the well- 

learned cues. We are not interested in skilled performance, the well-learned cues, because 

all visual cues can be well-learned given a period of time. However, some cues are easier to 

learn and some are not. Hence we would like to make the first use of visual cues easier to 

learn. 

, , 
used by permission [q 

Figure 1.1: Examples of Web Sites 
All screen shots were taken in March, 2003. 

Figure 1.1 shows screen shots of three web sites. If I would like to go to their home 

pages, where should I click? In other words, where is the go-to-homepage control located? 

The fist web site, Figure l.l(a), has "Microsoft Home" at top of page. The second web 
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i 

(c) Vacouver Chinese Zion Church Homepage, m e r i t  version, 
used by permission [6] 

Figure 1.1 : Examples of Web Sites (continued) 

site, Figure l.l@) has an image of house at bottom of the page. The third web site, 

Figure l.l(c), has no immediately visible "home" anywhere, Homver users can see aa 

underlined text "homey7 at the bottom of pa= after scrolling down the page. The location 

of "home" ranges from top to the bottom on the three sites. And in the third web site, it 

is not even visible without scrolling down the page. Also notice that they all have different 

visual appearances. One is an image. The other two are just text, one underlined and one 

not underlined. Yet they are all clickable and have tbe same function. Some people may 

argue that some web sites' logos are also links to their home pages. However, we like to point 

out that not dl users know this connection. Taking myself as an example, I did not know 

the logo is a link to home page until haIf a year ago. Both locations and visual appearances 

of this control show us that prior knowledge of what constitutes a clickable item is involved. 

The knowledge of clickable items helps users to locate items on the screeh. Without such 

knowledge and experience, users do not always know where to click. This is especially true 

for first use of any visual f o m .  

Why do users have problems of knowing where to click? The first reason is that objects 

are designed based on conceptual models, and every designer has his or her o m  conceptual 

models. One's conceptual model is usually different from others. Hence, designers may 

design the same object differently implying that the visual representations of commands, 

created by designers, are usually very different from one deslgner to another. The visual 

representation of "go-to-home" in the Figure 1.1 is an example. The second reason is that 
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users do not always pc?rc:civc visual cues t,he wity tlint tlcsigncrs plan. Two different, lisers 

~niglit iriterpret tlic sarric? visual cue tliffkrciitly fro111 the designers' int,ent,ions. To illustrate 

this diffcrclicc, look at the Figure 1.2 and what do yo11 sec? 

Fignrc 1.2: A Vase'? Two Fizt:t~s? [25] 

Sonic niay sec: a, vase first,, aiid others will see t,wo facts first. This figure is an  aspect, 

of hunian visual organizatioii - figurcground segregation, p x t  of the vislial ficld bcconies 

figme wllile tllc rest of visiial fic:ld 1)ecornes ground [25]. It dclilonstrates t,liat. tlicrc is a 

pwcption diffc?renc:c bctweeii iiidividuals. Wliat call we (lo to rcduce tlie difftwnc.cs bct,ween 

designers and ease t~oilmnlnication from dcsigiitw t,o ~~sers '?  One possiblc solilt,ioll is to use 

a visual rcprcseiitatioli which inlierently indicates a cmitrol. Thc inq)licat,ion of this to  wc 

t,he visual reprcsctntations of sc~rccn cont,rols that are iiitlt~pcwtl~iit of ~:ontttxt,. Tlicrc is a 

tlitwry related t,o contcxt ilitlependcncy - -  the t,lieory of afforclaiicc. 

Affordance and Other Candidate Theories for Describing Clickability 

There arc two mail1 definitions of t,lie word of affortlancc. Gibson (1977) tlttfiiictl affor- 

dance as possible actions available to  an ilidivitlual ill tlic environliient. Nor~ilaii (1988) 

defined affortlance as visui~l appearance t,llat suggests how the object slioultl be used. 111 

1999> he I X ~ C  a c:lizrific.atioll of afforda.nce. He now t e r m  t,hc affordance he defiiid in 1988 

is a perc:rived affordanct: ['L2]. While Gibson wits referring t,o t,lict physical ellvironnicmt, 

Norl~lim was rcfc:rring t>o thc mental rrlodel. One of t , l ~  differences is t,llot, affordance in 

Gibson's definition exists wlrtttlier it is perceived or not while affordal1c.c tlii~t is perceived, 

in Nornml's definition, may or rility not act,ually exist,. Ailother difference: is that Gibsoii's 

afforditlicc is ilidcpendent of tlic individnal's expcricnce, knowldgc. culture, or ability of 
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perceiving. Nornwn's affortlawe may t ~ c  depcndcnt oli individual cxperiellct., knowledge, 

and culture [18]. 

There are solrit: tlcsigllcrs who arc aware of Norm~n's definition o f  idfordance and t,llc:y 

lmvc applied it in t,lleir clcsigm. Howcwr, following Norman's dttsigu guideline t1ot:s not, 

guarant,et: uscrs call perceive cntrols  eve11 w l ~ n  t,he c:ont,rols arc: visible. 011 t , l ~ :  ot,ht?r 

hand, it is possiblc that uscrs perceive t11c controls wlien the desigll tloes not follow any 

design guideline. Tlic: reason is t , l~ i~ t  colivent,ioll is ostt~1,lished ant1 uwrs arc: familiar with 

the c:ollvelition. So uscrs havt? sonle expectlation wllcrtt and how the cont,rols slioultl appear. 

There is a t,llirtl problelli: sorllt: visual foruw (lo not fall into t h  t,hc:ory of affort1ilnc:c. I3lue- 

unclerlined tclxt. is such an exaniplc. In t,lw p1iysic:ill world, il blit,t,on affords pusli but a 

blueulitlerlilicd tcxt does not afford any ac:t,ioli. Wt: first lt?arlwl that a blue-underlilltxl 

t,ext oli the screen is clickable while usilig a wc?b browscr t,o ent,c.r il link.  the^ we rccqxize 

any bluc~mlerlinetl t,cxt as a clickable it en^. This is a pat,t,ern recugliit~ion, a study of how all 

animal rccognizc: objcds a d  otlwr anilnals [Y]. Tlicrefore wt> nt:c:tl more than just rtffi~rdallc~c 

to m~derstand c:lickabilit,y. 

To acldress these problems, wc: also look into other t,heorios such as the t,riditiollal 

approach of visual pttrccption. Tlicw t,lieories 11elp us to mitlerstalid lillliiali pvrwption! 

such as gro~q~ilig, ant1 how an ildividual pcrrcc\ivc:s ohjt?ct,s mid illt,erpret tllorl~. The dotails 

of these t,lieorie:s are tlescribctl in Chapter 2. 

Met hods 

There are two st~icly niet,hods: experimtut vs. cxplorat.ory study. An rxpc:rinicnt has a 

set of indepelidcnt variables alitl a set of dopc:litlcnt variabltx Thc ttxperinlont tests liypot,lic.- 

sw, the relation bc:twccli intlepcndclit variables a i d  depenclelit variables. An cxplorat,ory 

study cxplorcs research qucst,iom. Tllcrc art: a set of possible vtirii~blcs. The st,~ltly ~liea- 

sures effc.cts of t,lic:st: variatjlt:~ and rt.-defiutr t,llc:sc variables. Wt: chose tlic scrt:olitl ~ilet,liod, 

the exp1orat)ory st~rdy, because wc olily 11ttvc: rctscarc:li qucst,iolis and possildt: variablt?~, not, 

l~ypot,liescs and i i idc~)cl ident~/( l (~I)~: l i t  variables. 

Organization of the Thesis 

As ~l~el~t,iollc.cl earlier, uscrs may interpret visual informat,ioli diffi.rclit,ly than tlcsigmrs 

i ~ l ~ d  ot,lier users. This is not oiily becausc of the iutliviclual differellces in t,hillkiug. am1 

l)ac:kground, but also tllcir prior experience. To reduce tlic gap bet,wtxri users aiitl tlcsigliers, 

we need a 11c.w tlicory for "c~lic~kabilit,y", or one aspc:c:t of xrrctn design affort1alic:e. This 
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t , l ~ o r y  will be h i l t  011 the tlleory of iifforda~lces and llavc? to  i~lclutle ot , lw factors that are 

closely relat,ed to  tbc visual design. The first step t,owards this new t,heory is to  untlcrst,a~icl 

users' cxperic~m: of clickhility. What users know about c:lic:khilit,y would llclp 11s fi~ltl out. 

what, fact,ors we slloultl i ~ d l i d t ~  in t,lic tllcory of "c.lic:kabilit,yn. 

We first prcserit background theories in Chapter 2. This is followctl by st,udics of 

uralist,ic tasks ill Cliaptcx 3 mcl st.udies of abst,rac.t tasks ill Cliaptcr 4. T l ~ m  we colic.111tlc 

this tliesis by a surunciry and tlirect,ions of fut,ure work in Chapter 5. 



Chapter 2 

Background Theories 

Motlern coq)utc?r systems call s~lpport 111al1y daily i~ct,ivit,ics such as writ,iug doc:um?nts, 

drawing pictures, a d  informatiol~ scarclkg. Coriin~al~is that support. these ac:t,ivitics art: 

1is11~11y prcsent,ed on tllc scrccn iu solnc: kind of visual r(:~)rcsc>~~ti~tiol~. Before users (I iL11 

choose comnlalids, t,llcy have t,o bc ablc to perceive t,licir cont,rols. Howc:ver, users (lo not 

always pcrccivc the c.ont,rols for t , l~e c:olmr~antls. To resolve this, we turncd to cognitive 

psychology for help. Cognitive psychology is the st,udy of llunlal~ information proct?ssing, 

such as attentlion, perception, learning and ~~lt:ri~ory [8]. Tho principles of visual perc:c:ption 

Ilelp 11s to untlerstand how humans parccivc: objects. Tllus, it llclps 11s to tlcsigl~ perc~ivablc: 

coiit,rols for conn~iands, especidly for new visual forlus of controls. 

2.1 Visual Perception - Introduction 

Our experieliccs arise t,llrough sensation and perceptioi~. Scnsatio~i c1t:tt'c.t~ t,llc e1elilci1- 

tary propertics of st,ilnuli wllilc pert:c!ption is our al,ilit,y t,o ~ l r~ders t , a~~t l  t,he tmviroun~cnt,. 

It clrtect,~ tllc objcct,~, illclucling their loc:ations, r l~ove l~~ent ,~  ant1 backgrountls. Visual per- 

ception has bcc~i st,utliecl rrlorc t , l i a ~ ~  o t l i~ r  senses ~11~11 ~ L S  s111ell and tast,c. This process is 

rapid, antomatic, and uncor~sciol~s ant1 oft,en il~volves lcarnirlg [5]. 111 other words, visual 

perception is a process of txansforn~ing iufor~nst,ior~ from t,ht: cr~virorlr~~eut,, via sense organs, 

to experietllce of objcct,~ or txer~t~s [HI. To dcsign a good screw design, wc first ~lcwl t,o url- 

derstar~d how visual inforniatioi~ is pro~:t:sscd. This is bec.ausc users do not always pctrccive 

thc screen controls for the cor~n~~antls .  

Tllere are tllrec different approaclws to st,titlyil~g visual perception: pllysiologic:al, tm- 

dit,iorial, i~lld ~cologi(:al [4, p. 3671. The pl~ysiological approach is cent,end at t,lw rlcrvous 
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system. It focuses on how the light goes iiit,o t , l ~  t y s  i~11(1 trt~i1sfor11~s to tlie clcctrical 

activity tlirougli the nctwosk of nervc cclls in tlic braill. Since tlic pliysiological approach 

can~iot explain clickability, we did not pay at,t,e~it,ion t,o it. Our atkrnt,ion is 011 t,ratlit3ional 

and ecological approaches. Bot,li approaclics focus o ~ i  tlicl liglit which is reflccttd from t,lw 

surfacc ant1 objects and porccivcd in tlic eyes [4]. 

Tlic traditional approach to v i s d  perception is also known as cue theory. It conccrns 

what proccsst:s opc:r*~t,t. o ~ i  tlw ret,inal image to yield perceptual expcricmcc Cue t,lic:ory 

focusrs on t,licl process of c:on~put,at,io~i or reconstruction of infor~riat,io~r obt,ainotl fro111 tlic: 

rctiiial iinagc.. Tliis process rcquires k~iowledgc of the world. Anot11c:r way t,o look at 

cur? theory is tlie conihiat io~i  of sensory infor~irat.ion ant1 cognitive processing. Sensory 

inforl~iatio~~ is infornii~t,ion fro111 tlic cnvironrrlent, and cognitivc proc:cssi~ig is k~iowletlge and 

cxpcricncc. Siiirc cue t,licory is relat,ecl to  depth, a lot of work is (lone 011 dopt,li and sixe 

pcwept,io~i. Rforc. dt\t,ails a n  in Section 2.3. 

While cue t l i~ory  i~ivolvrs cognitivc proccssi~lg, tlic ecological approach to visual percep- 

tion claiins that all inforil~ation ahout t,he object or surface is perceivcttl dircct,ly. tlirougli the 

dct,cctioii of light, int,c:iisit.y [4]. Siuce tallere is no coguitive proc:essi~ig involved, t,liis approarli 

t,o perceptix~ is also known as direct percept,io~i. Dirtxct perception tlieory was tlrvelopcd 

by Ja~iies .J. Gibson. Tlie theory originat,cd in the Scc~oiitl World Wi~r fro111 his work on 

improving a pilot's abi1it)y to  lalid all aircraft [ll]. Gibson's t,heory wits tlevcdopcd wit11 

rclspcct t80 t>lic cont,rol of ac:t,ion. Co~~sequcntly, Gibson's focus was oil pc:rcc~pt,io~~ I I C W S S ~ S ~  

for control of spccific kinds of action. Hence this tlieory is functionally orieut,cd. Here we 

should point out that his approacli t,o visual porcq)t,io~i docs not apply well to  all aspect,s of 

pcrccption such as t,llt. distinction between "seei~ig~ and "sceing as" [lo]. On tlici otlier liimtl, 

whon Gibson tlcvelopctl t,liis tlieory of perception, he i~it,roduccd t hc coiicqt of afforclaiic~ 

[12]. Wt: believe that the concept of affordam:(: is useful to  coiiiputrr iiit,rrfwt~ dcsigi~. 111 

tllc ~icxt  section, we look into t,lw t,licorics of affortla~icc in niorc tlctilil. Titblr 2.1 shows t,lic 

con~parison bct,ween two approaches to  visual percept,ion. 

2.2 Theories of Affordance 

2.2.1 Gibson's theory of affordances and invariants 

Gibson introduced the concept of affortlance to  explain dircct perception. Hc was int,cr- 

estjetl nlorc ill activit,it>s of living creatures, such as flying i~11(1 walki~lg. HCIICC, affordance is 

uscd to  describe the relatioiisliip of i111 animal and its environ~~~ent .  Here are sonir: basic.s 
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Agreements 
1. Realism: HI~III~LII is ill sensory coritact wit,h the world. Pcrccpt,ion rrveals t,hc 
world . 
2. Mediator: Light is rt:flected from surfaces and ol)jtxts. There are a iliethod arid 
a system to perceive lights. 
3. Perceptual c~qmkrwt, established through learriirig 

Disagreements 
Traditional A ~ ~ r o a c h  1 -. 

0 Perctivc. prirnit,ive elerr~er~t,s, such as 
cdgt~s and blobs) and rccunstruct with 
knomlcdgc? of the word. Photo receptors 
detect the light irlt,ensit,y charlges directly. 
0 Deperid on int,err~al process 
0 Focus or1 ~~crccption of rt?cogr~it,ion 
0 Driven by c:onc:ept,ual-driven and tlatti- 
drivt:n nrocesses 

Ecological Approach 
Perct\ivo inforrliation about the obit.cts 

or surface direct,ly. All properties of the 
world are perceived by tlctt:ct,ion of light, 
intensity. 
0 No irit,err~al rrprt.ser~tatioris irivolved 
0 Focus or1 pc?rc:c?~)t,io~l of wt.ior~ 
0 Driven by data-tlrivc.11 proctss 

TaI)lv 2.1: Comparison Between Traclitiord ant1 Ecological approi~c1lc.s 14. 8. !I] 

about allirrlals and t:ilviroiniic~nts drfincd by Gibsoli 1121: 

0 An aninla1 is a n  organiwi tha t  prrc:t:ivcs and bellavtts. However, organisnis tha t  do 

not aninmtt? t)ecausc: they lack sc:lisc orgi~lis and nl~lsc:lcs arc: t,rt?att!tl as objects. 

0 An elivirolllrltwt is a n  aninial's sllrrourlclillgs. I t  is not t,lic samtt as tali(: pllysical world 

described by physics. One differelic:~ is ili the time scale. Thc duration of processtts in 

t,he cnvirollnient is measured in seconds and years only while tlie tllxation of processes 

ill t,lltt pliysical world is froni lrlillioritli of sccond to ndlions of years. 

0 An aninial exists if ant1 only if t,hcre is a n  environl1ic:nt t,hat surrounds it. Gibson 

called t,llis t,hc lllntuality of aniliial a r d  environnit:nt. 

0 Tlic ctnvironnlc?llt, of a n  orgarlisrri contains level ground, shelters? wi~t~er,  fire, objt:c:t,s, 

tools? ot,hcr anilnals, and l lu~ l l a~ i  tlispli~ys. 

0 Tlie el~vironliic~lt of ally observer is uniqncl i ~ n d  private lmtler thc assuniptioll tlidt no 

two obscrvers can bc at  same place at  t he  \mif3 tinw. 
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A s i l~~plc  definition of idfordance is what possible actions in t.11~ cnvironmt:l~t arc available 

to an aninial. For exaxiiple? a horizox~tal flat solid sarface affords support,. Objccts, such 

as st,icks, which " l ~ v c  opposite surfaces separatixl by a distanw less than the span of the 

hand" are grnspahlc [12: p. 1;3S]. Dircct perception, as mentioned earlier? is fm~c:tionally 

orirnttd. Gibson focuscd on groulicl or air locol~lotiol~ t,owards a perceived rcsource such as 

food or shelter. Thus, dfortlancc is ilhereutly in tht: object. It is all ttl~vironrllcntid p rop t~ ty  

that is potentially in the intert:sts of an organism to pcrccivc. Moreovttr, it is colist,ant. 111 

other words, it does not cliangc over t,im:, nor wllcli iui al~ilnal ~~ioves  t,lirougl~ tt11virolnlit:nt. 

Note t,liat affordances could be harmful. For exal~ipltr, a knife offers cutting. At same time, 

a different lia~itllilig of a knife could liurt ot.hers. Anotlic~ iliiportallt aspect of afforclallcc is 

that its existelice is illdepctntlcnt. t,o tlie aniulal's expc:ricnce, knowledge:, culture a i d  ability 

of 1)erc:civing it. 

O w  important role of the a.fforc1allc.c~ ill Gi1)soli's tlieory is t,o provide all explwliat,ion for 

t,lie aninial's pt:rcept,ual systenu. Gibson clailuccl t1ia.t all iuval-iant inforliiation is prcsclit 

in tlic anhielit. optic: arrays iuid hence affordimces arc perccivt:cl direc:t.ly ant1 no coguitivc: 

process is ~iccded [12]. Also, illvariant inforlnatioli is rclat,t:d to tht: colitrol of act,ious. Olic 

example is what a pilot sccs w11e11 lautling all airplane. As tht: altitude decrcasc?~, t l ~ c  pilot 

sees progressively finer details of t,he runway. Tliis clialige in (letmail is invariant. Howt:vc:r, 

the rat t  of iucrcase ill resolution is not colistal~t,. It illcreases explosivt~ly riglit before tlie 

coutact point and indicat,es wlitw t.o slow tlown to wsurc a soft lalidil~g. E V C ~  tliougli Gibsou 

did not directly dcscri1)e how aliili~als acquire illvariant iliforliiatioli, it seems rcasol~able to  

assume it is by s o u r  colnbinat,ion of instinct and learnilig. 

Tliere arc? t,l~rt:c assuniptions of Gi1,son's theory rc?levant to con~puter intcrfxes. 

1. Gibson's t,l~eory focuses on activit.ies with a low cog~~itive proctrss, s~lch as locomotion 

or grasping. Even tliougl~ 11c did ~ilelition l~iglicr-1cvc:l actious sucli as liiaililig a letter, 

he did not explaili how il~varia.nt infor~nat,ion inclicates details of opctrating tlie postal 

service. 

2. Thc physical ~t~ructurc: of an object, which liiakes pliysical actions possible a d  t le  

sirable, provitlt?~ the il~variimt infomiat,iou that ildicatcs t,l~c. possiblc act,iolis on t h  

object,. For t~xal iq~le~ tlie rccl glow on a stove indicate t,l~a.t t,l~t:rc is all eleni(?l~t with 

high heat,. Coutactilig high hcat objects is liarlnful 1ienc:e we avoid toucl~iug t,lit: cle- 

lwnt  on t,lic stove. Silliilarly, ttlie colnbination of reflect,ion a d  sliading from a coffee 

n ~ u g  coli~cs fronl its p1lysic.d sl~ape. T l ~ c  physical shape of t , l~c coffer 111ug affords 
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siblr actiou. Thc physical properties of the coffcc  lug not o d y  c l c t e r~~ l i~~c  thc clcgrecl 

of rcflcction from the nmg biit also determine tllc dcgroc of friction, which inclicates 

how much force to  bc usctl to grasp the 111ug. 

2.2.2 Bringing Gibson's theory into HCI 

Whib the ilefinitioll of affordance given almvcl and its accoirq)anying c.oiiscclucncc~s ilrcs 

known to nlauy ill the field of 11uman fa(.toss, it is relativt,ly u~lknown in HCI. Thc HCI 

connnunity was int,rodi~cecl to Doilalcl Nor~nan's definition of affordailcc in his book The 

Desig-11 Of Erwyclay Tl~i11g.s [21]. Norman used the trrln afforila~~cr tliff(crc~ltly from Gibsou 

(Table 2.2). His focus was on some for111 of c.onc.cptua1 111odrl intcr~nedinting perception 

aiid action, whilr Gibson's focws was oil availahlc actions in the c~nviron~rit~~lt.. Based oil this 

franle of referc?nce, Nor~lli~ll d c f i ~ l d  m affordance as a clue or tt suggt?st,ion of how t,lic object, 

shol~ld bc. used. Uiiliktl Gibson's clcfinit,ion that afforda~w is indcpc~ident of imliviil~wls, 

Nornia~l's affortlance may be tlcpendei~t on inclivitli~als' cxpcricwce, k~lowlcdgr a d  culture. 

Gibson 's Affordance 
DEFINITION: Possible actions avzilablc 
to an individual in thc tx~viror~rncrit~ 
0 Rcfers to the l)liysical erivironmcnt, 
0 The actions capabilities of  t,he individual 
0 Independent of  the individual's expc- 

I ricwcc,s and k~iowletlgr 1 

Norman's Perceived Affordance 
DEFINITION: Suggestions of how the ob- 
ject should be used 
0 R.efcrs to the conceptual ~rioclel 

Thc: lnental and perceptual capabilit,ics 
0 May be dcpc~ndrrit on the individual's 

rienc3e, knowlcdgr, culturc, o r  perception 
ability 
0 Dircct perception 

Ti~ble 2.2: Co~npasisou of Two Affortla~iccs [lX] 

rxperiencc, knowledge: and culture 

0 Perccptio~~ may bc iriflue~icv?tl by cxpr- 

011 the other hand, t,llere is one similarit,y bctweeu t , l~c t,wo tlefillit,ions we would like 

to e~ilphasixe. Objects such as doors, faucet,s! i ~ n d  light swit,c,lics rcquire little high-levcl 

reasoning t,o oprrat,t:. We are not suggest,ing t,lli~t. dcsignillg t,llcse objec:t,s is obvious. Nornla~i 

ill his book listtd exaiilplcs o f  iiilsuccessfiil tlesigns to cle~noiist~rat~e t,he tlifficulty. Ht? also 
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provided exccllciit g1iit1elinc.s to  iriiprove design. Howcvcr, we wolild likc to poilit out tliat 

only the most clciiieiit~ary reasoliilig is reqnind to opcmtc t,lieiil. Noniitxi~ d so  provided 

soiile exanlples of iiiorc coiilplex syst,eins in his book. Tlicw coiilplcx systeiiis, slich as 

project,ors ant1 rcfrigwat,or tlicrinostats, show t,liat liiglicr levcl rc?asoiiilig docs play a role in 

mitlerstaiidiiig c:oiiq>lcx systcnis. But the exaiiiples used t,o explain affordaiiccs iLre always 

sinl~)le objects. 

We argue that c o ~ i i p ~ i t ~ ~ s  are fu~idaiiicmtally differelit fro111 tlicsc siiiiplc syst,elils. Tliis is 

bccausc t,lic control of coniput,ers is ivhereiit,ly iiidirect itlit1 the rclat,ionsliip bet,wt.w liuiiiaii 

~rioveincnt and lilacliiiie out,c:oliic? is ~iletliated by co~iiplcx soft,warc. The operatioii of a 

coinputer requires coinplcx reasoiiiiig about the link bt:t,weeii t,licb coiitrols a i d  t,lie iiitesi~al 

systclii state. Tliis is not likc operat,irig ail ixpplc or a liglit switch. "Operating" ail apple, 

such as plucking or biting it., is doiie by dircxtly ~:oordiiiat,iiig pliysical 1iioveiuwt ~ i t ~ l i  tlie 

visual field. Evcm tliough light switch is also an int1ircx:t iiitcrfacc a i d  t,licre csist variatioiis 

of liglit switc:lies tllrough different c i r c i t , ~ ,  opcrratiiig a liglit swit,cli rt~cpires only a siiliple 

cognitivt: link 1,ctwt:en t,lie cliaiigcb in coi~t,rol aiicl t,lie cliange of aihieiit liglit. 

2.2.3 The levels of corriputer &ordances 

The indirect nat,urt: of cont,rolling coniputer sy s t c i i~~  forces US t,o iliakc: 1it;w clloi(:t?s ill 

our definitioii of affordaiice. Recall that in Gibsoii's t,lieory, t . 1 ~  rclat,ioil bet,wtwi pcrrccpt,ioii 

aiid action was direct,. Thc out,coiiie of action was directly rclated t,o t,he pliysical act,ioiis 

pcrforilied and t,lie visual appearaiicc of t1he action. In Norinan's slightly inore c:oiiiples 

t:xmiplcs, t,he relation bct,wccii tlie physical appetlraiice of tlie control and t,lie p1iysic:al 

act,ion required to  operate it is also dircct,. But t,liere is an iidircct liiik t,o t.lic coiit~rolletl 

item. For exailiple, a well-tlesigiicd door liaiidlt? should suggest, wliicli way tlie door will 

opcil as well as how to operate it -- push, pull or t,urii. Norl~~aii  point,s out tliat. tliffcreiit, 

tlesigii processes? slicli as labelling aiitl coiiveiit~ion, indicat,e what is indirec:t,ly cont,rolled by 

that iiiovcillc?iit [22]. 

Howr?ver, ill wiiidow-icaoii-iiie~iu-~>oii~t,er (WIMP) ii~tcrfaces, tliere is absolut,ely iio irilicr- 

ent comtxtioii bct,wc?cii the appa-aiice of a c:ont,rol, the p1iysic:al opcratioiis rcquircd to 

operat>e it, a i d  it,s effc'ct upon tlie systcni. This siiliplc difference has a profound iiiiplic:at,ioii 

for the tlefiiiit~ioii of afforda1ic:c. Wc ulust ~iow c:lioosc thc level of ~ct,ions at w1iic:h &or- 

dar~ccr is tlefiiird. The physical directucss in Gibsoii's dcfinit,ioi~ iiiiplicitly dc:fii~ed tlie lcvcl 

of analysis. An affortlaiicc is ail act,ion that can be directly applied t,o ail object. But ill the 

WIMP rcalin, 110 ac:t,ioii is dirtxt. 
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What is ail "actio~l" iu tl~c: WIMP e~lviro~lncut:) We suggest t,l~ctrt? arc t,llree possiblc 

definit,ions in tlie WIMP e~ivironrnent,, listed in increasing level of sr~imit,ic content,: 

1. Thc: plqsicizl level: The physical 1nove111e11t of t , l ~  user and ~novenleut feedback. At t,liis 

level, a nlovtx~cnt f tdback such as cursor u~otior~ indicat,c:s progress of t,llc intcrilctiou 

t,cx:hniq~w. 

2. The iut,erac:t,iou t,cchniquc levd (IT lcvel): T l ~ c  p11ysic:al ~novcn~cmt of t,lle uscr ant1 t,he 

iuteract,ion t,c:chiql~c fectlback indicati~ig t,lie iuvocatiou of thc co~nn~autl.  Thc f e d  

hack at this level? such as a colour changc 011 a t,ut,t,o~l, i~lclicut,cs that the i~l t ,cw~tion 

t e ( h i ( p :  is colupletc a11t1 iz conlniaud lias been carrictl out,, hut not, ~lcccssasily t 11r: 

outcolilc? of that connliand. 

3. Tlie se~llautic 1cvc:l: A c:l~auge to t l ~ c  statc of t,he progra~n's c:oucept,ual ~nodcl. This 

chaugc may or  nay not be indicated by feedback. 

Noruiau iu his niost, rcccut discussiou of afforrlanccs has adopt,c:d the physical k?vcl [22] .  This 

hits thc merit of correspo~~tling nlost closely of tllc thrcc to the direct physicality of Gibsou's 

enviroun~cnt,s. Howcvc?r, it ~uakt?s affordituces useless for scroeu int,c?rfacc dcsigu t)ec:ausc it, 

iguorcs the possible operations of the program. T l ~ c  screeu affords clicking at any point. As 

the result, t,he affortlaucc of clicking offcrs no guidauct: wlli~tsoc?vcr t,o t . 1 ~  user ou what (:an 

be done wit,l~ t,l~ct progralu. 

McGre~lere ant1 Ho in their com~licutary and refi~lcmeut of dffordamx definit,ious [ l X ]  

argue for tlic senlantk level. This has t,lle nmi t  of correspo~~ding nlost. dosely to t , l~e 

abstract definition of affortlancc, provitlctl by Gibson. It also suggc:st,s elegaut conuect,io~ls 

1,etwec:n ilscfl~luess aud itet>l~al affordauc:e, usthilit,y aud perceived affordame. However, 

we? argue that this lrvt~l is t,oo abst,ract,. Eveu tl~ough Gibson's definit,iou was abstract, his 

focus 011 physical r~wirou~ntmt~s grounded his cliscussions ill sliort, physical ac:t,ioils scqueuces. 

Such act,ions call arguably bt: pcrrfo~med witllout a nmliatiug lmut,al rcprcscntatio~l. If we 

adopt the sen~aut~ic definitiou of affortlancc, we expa~ltl it t,o include long, abst,ract ac:t,iou 

sequences such as writ,iug a confcrt:nce paper ou a word processor. This k i d  of actiou is 

~ lu ios t  cel.ti~idy gnidcd 1110s~ by sonle sort of c:o~~ct:pt,ual u~odel of t,lle program t ,hm by 

sinlplc nlappiugs of visual appearance t,o possible itct,iou. 

The ult,inlat,e goal of Gibsou's uotiou of afforclance was to det,cni~imt what all orgauism 

l~acl to pcrccivc: t,o thrive (or a t  least survivc) iu all euvirounicnt. Ht, c:reatd thc c:om:cpt, 

as a foil for his ~lot,ion of pc:rc:cpt,ual inv:~riauts. To be fit for an euviroun~cut all organisni 
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should perwivc: tllc i l~variai~t ,~ t,l~izt illtlicate affortlanct:~, basic actiolls it can ulltlc>rtakc. His 

t,heory explicit,ly disallowctl cw~iplex rcasoning about the' eliviroln~icl~t,. We argue that t h  

illtwactiou tt:cllniquc (IT) 1cvc:l is t,llc: best izpproxin~ation of his idcils in the el~virolm(:l~t. of 

screen interfac:es, as well ;w t,llc: 111ost useful clcfiuitiol~ for both users and dcsigliers of such 

interfaces. To support c:ff&ivt: bellaviour? the scrccu design sl~oliltl provide sinlple visual 

ilidications of basic actiolls. Defiliillg affordanct:~ at  t,he p1iysic:al Icvcl prcvcl~t,~ t,llis because 

it igliorcs t h  visnal display. Definillg affortlanccs at the semimt,ic: 1evc:l preve~it,~ t,his because 

it iuc:ludt:s abstract izctiolls t,hat soquirc col~lplcx rcasoning a i d  callnot bt: simply peceivtxl. 

Norluau argues for a st,rong tlistinct,iol~ bet.wc:cu itff~rtlallccs alld perc:eivc:tl affordal1c:es 

[22]. Affordalices are act,ml possitdities in tall(: cnvirol~ll~el~t t1ia.t llliLy or may not bt: per- 

ceived, wllilc perccivcxl affortlal~ccs 111ay or 111ay not act,uizlly exist,. h'I~:Cr~11ert: allel Ho 

cont.inuc this dist,inc:t,iou [Is]. Wt: agree wit11 prc,vious autllors t , l ~ i~ t  aff~rdi t~~ces exist ili(lc\- 

pclitlent,ly of a11 organisl~is abilit,y t,o pcrceive t,licnl. Howevc!r! wc do not agrec: that t,his 

clrcouplcs affordalms f~-0111 perceptiblity. For the col~cc!pt t,o be useful, a.ffordancw shul t l  

be dcfined at  a level c:orrc?spol~ding t,o siniplc pcrccpts, ~11~11 as Cibsoll's invarii~llt,~, witllout. 

appeal to  conlplcx reasol~il~g. "Writing it t,ec:lnlical paper" is 11ot uscfully defined as a soft- 

ware i t f f~ rd i~ l l~~ !  tx~aust: it (:allllot be perceived frou~ i L  glallce at  tallti scrccn. It (:an olily bc 

draw11 fronl previous c:xpericlic:c: or implied fro111 it c:ol~c~c:pt,ual nlodel of t,llc: soft,wart:. 

Tht~-c  are sevt:ral atlval~t.itgt?s of defining affort1mc:cs at  the IT 1tw:l. First,, it is usefd for 

dt:signcrs ixcause it works at  t,hc lowest 1evc:l of software tlesig~~. Scc:ond, it kt?eps afforclalic:es 

clearly dist,iuct frolll the concept,ual ~ilodel, provitlillg two dist,iiic:t li~ycrs t,o design from. 

Third, it is uscful for users bemust: they call  lea^-11 to recogllize sc:rccn cont,rols by lcarning 

t,o recognize the visual rc~)rcsclit,atiolls of t,heir dfordallct:~. 

According to our definit,ioli, screen afforcii~11c:es ixc fundal~ic?l~tal t,o clicking. Wc argue 

that wlleu at,tcniptil~g t,o pt:rforlii all unfizmiliar task, users scan the scrttell looking for 

possi1)lc: operations. Affordances illdicat,c that a given screen rcgion is available as a control, 

and in particular t , l~at it is clickable. 

2.3 Traditional Approach To Visual Perception 

Tlirre are solllt: visual forms of scrccn cont,rols relatctd to affordalice dircc:t,ly. 011e exam- 

ple is 2$ D but,tons, or protrusion. Protrusion looks likt: a pusl~a,t>lc object on tllc scrwu. 

Helice protrusion affords "pushing". Howcwrr, t,licre are sollie: visual fornls taliat the tllr'ory 

of affordance cannot explain. An cxanlple is a blue m~tlerlil~ed word on n web sitc. Wo lcarn 
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a 11hlc ulltlcrliiietl wortl is clickablc. It does not afford clicking ill the pliysical worltl. Siilce 

tlic t,lieory of affosdalice cannot ~xpltiin t,liis t,ype of v i s d  folmi, we need otller theories to  

support clickability. O m  of tllc theories is thc tratlit,ioiial approach t,o visuizl percept,ioil. 

As i~irutiollctl ill Scct,ion 2.1, t h  traditional approach to visual perccptiou is i~lso kiiowl~ 

as cuc theory. It foc:uses on t,lle process of colnputation or recollstruct,ion of inforiilatim 

obtrtillctl from tlie r e t i i d  image, which is correlated to tlie dcpt,ll of t,he worltl. Cue theory 

is relat,ed t,o tlie dept,li a d  sin:. There arc scveral groups of cuts: 

0 Physiologicdl cucs: also kllown as ocdoniotor cxcs. This type of cucs dcpcuds on our 

ability to hens(' tllc position of our eyes and temiou ill our cyt> rnuscles. 

0 Pictorial cues: also known as nionoculu c11t:s. These are cues t h t ,  can be depictctl in 

a st,ill picture. T h y  iilclucle liilcar perspcctivc, ovt:rlap, sizc, a i d  sliatlilig. 

0 Bil1oc:ular c:lit:s: coinparison of iilfornlatioil betweell t , l ~  tycs caused by t,lw liorizoiltall 

angular, or uiicrossed/crossrd disparit.y. 

0 Motion-produd cues: tlcpciid oil the il~ovenieiit of the observer or object ill tllc 

enviroilnleilt . 

However. t,lic:sc cucs are not our focus. It is truc t,llat t,llert: is pcrcvivecl depth on t,lie 

coinputer screcn. Wc call iilcludc soill(+ depth cues; howcvcx-, t,liey have littalc to  (lo wit,h 

clickalility. 

I11 tlle a h v e  exrti~iplc, a blue liiltlcrliilrtl word, is consitlcretl as a clickal~lc item on 

tlic screcn because we learned in the past that, clicking a blue lilltlerlilicd word or text 

will generally take us t,o a web pagc. Whenever we scc iz blue uildcrliilctl wortl or text,, 

we consicler it, t,o be a link to  a web page. Thercfore it is clickable. Anot,ller exaiiiple is 

Figure 2.1. A on-liue weat,llt:r iiiforiliat,iou web sit,(: uscs a Calli~tliizll i m p  as oilc of ilavigatioil 

inet,hods. Each provi1ic:c oil the nlap is a ~ o n t , r d ,  wllicll t.akes users t,o a list of cit,irs in t h t  

provinct:. Users rec:ogllizc t,licy are possiblc sc:rccii controls i~fter t,lley learn t,hat t,llese areas 

are (:lickable, eit,hcr froill this web site or ot,licr siiiiilar web pagts. In ot,ller words, what we 

lcimlcd in the past rcgartliiig c:lick,ability is carrying forwiwd to t,lle present. This is dircctly 

relat,ed to object a i d  pat,t,ern rccogilit,ioii. [l2] 

So what is objt!c:t arid pat,tcrli rcc:ogiiit,ion'? A simple rllec:hanisin is t,llat aniiilals recoguize 

objects or other allillli~ls by their key stinuli. A key stimulus of an objcct or anillla1 is a. 

feature of t,lle.t o11jec:t or arlill~i~l, which evoke a rcsponsc froul the i~l~ililal. I3ruce, Grccn, 

anti Gtmrgeson in tlieir h o k  Visual Perception desc:rilt:cl a ~iiore c:omplcx llleclianisrli -- a 
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Figure 2.1: Exitn~plt. of Pattern Recognition 

theory of object recognition [4, pp. 216-2251. 111 1!)78, Mars ant1 Nisliihara in 1978 created 

a schen~c for object,-centered representations, an axis-based stmctural d(:sc:ript,ion. It is 

built from in~i~g(ts and accessible tl~rough a storcd cat,alog system for rocognitio~~. Latctr 

in 1987, Bicderlllan developed his theory of 11ulna11 object recognit,ioi~ based on Mars and 

Nishihara's work. His tl~eory is dividing object into s111al1 1 ) i ~ ~ t s  and tllen n l a t c l~ i~~g  parts 

agaiust geo~net,ric i o ~ ~ s  ("geo~~s"). Another n ~ e c l ~ a ~ ~ i s m  is ten~plate 111atc:1ling schci~~e.  The 

process of tc~nplate n~atching i~~cludcs rotating, scaling, and fillding the ~~l i t jo r  axis of t h  

target t,o 111at,c11 all object in the! tenlplat,e. Tllc t,c~nplat,e is located in long term lilerrlory. Its 

l imitat io~~ is that it fails to ac:count for ir~divitlual d i s c r i n ~ i ~ ~ i ~ t , i o ~ ~ ?  i.e., intlivitluals categorim 

patterns diffttrently. The dctails of thosc. ~~iec:hanisrr~s and its il~~plic:at,ions can be foulid in 

perc:ept,ion literature. 

2.4 Related Theories 

Thcre are other aspcct,s of clickability t h t .  do not fit into t,lwories of afforda~~c.t> and 

objr:ct/pattcrn re~ognit~ion. AII exa.~nple is the flasl~ing t h e  b u t . t o ~ ~  used by Mac OS to 

i~~dica t~e  t h :  defalrlt screen c:ont,rol. Anotl~er exanlplc is the layout of scrtten controls. S( :rcc~~ 

cont,rols wit,h similar fu~~ctionalitics are usually near each o t l i t~ .  Flasl~ing blue buttolls is 

rtnlat,c.d to  visual a t t en t i o~~  and layout, is related t,o Gestalt principles. Wt: look into details 

of both theories below. At the end, we also t,ake a brief review of colonr a r~d  cult,nre. 

Visual Attention 

111 wet) sites, t,herc ire lilany flashing ohjects or objects t l ~ t  n~ove around, whicl~ also 

arc clickable. Visual att,ttntio~i offers us sonlct cxplar~atio~r of why t,l~is t,ype of objccts are 

used on web sit,es. 
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Attent,ioii is crucial for selecting visui~l inforiuatioii over spi lc~ and time [14]. This is 

because what, we perceive is drive11 by what we int,end t,o do. We select, information t,llxt, 
is relevalit to  our it(:tiolls from t,lie eiiviroirnmlt, which prcscmt,s far more informatiou t,o us 

tlian nccclctl at. ally given t,iine. Wc limy or may not ignore otlicr informatioil which is also 

preseilt,crd to us at thc same tiilx?. Takc driving as ail exairlplc. Driviug safcly depeiitls oil 

the drivers' abilities to  detcct and monitor stop signs, traffic: liglit,s and ot,her (:i~rs. It is 

iieccssary for drivers t,o pay lcss attelltioil t,o otlier t,lliiigs sucli as flying birds or cell pllolirs 

ringing. Thcrcforc, il rt:liablc and efficient a t teut ioid selt?ct,ioii is crucial 1141. 

Visual attciit,ion has several points that i i~ay he useful t,o intcrfac~> tlesigii: 

If t,lle tlistractors arc. located closely to t h  target, t,hen t,llc:sc: tlistractors (:ail not bc 

singlet1 out. 111 otlier words, clist,ritctors cause att,eiitioii split froill tlie att~ctiit~io~i of 

t,lw tasgct. This is iiilporti~iit for layout of coiit,rols oil t,lic scrceii. A slifficicilt spa~:e 

between c~oi~iinailtls would 1idp users focus oil t h  t,argct coiiiniaild. 

0 Larger differcnc*cs between tllc target and distrac:t,ors i i~(masc s t : a ~ ~ : l ~  (:fficicncy. It is 

easier t,o identify the t a g c t  when clist,ractors look tlistiiictly difftmnt from t,lw tar- 

get,. The diffcrcnce could be in colour, shape! orient,at,ioii, size, itlltl ot,lier properties. 

This is useful for tlcsigiiiiig controls on thc scrceii. Tlic inore differelices bctwccii vi- 

s i d  repr~so~lt, i~t, io~l of (:oliiiiii~ilds, the rasier users would be ablc t,o locate the t,;trgct. 

coilnlmid. 

0 hlmiory also izffccts our at,tent,ion. Meiiiory traces of prcvious perccrpt,ual i11tt:ri~ctioiis. 

It,cllls t,llat appcar in tlle inelllory get faster attt?iit.ion. This suggestas that faiuiliar 

&sign of cont,rols is likely to draw iiscrs' at.t,c:iit,io~l more quickly. 

Thcrc. arc also some otlicr points of visuill attc.ntion wllic.11 help us understaid users: 

0 Wlien our at,tcnt,ion shifts from one loca.t,ion to  ailother? our focus of at,tent,ioli iiioves 

i~lst,ailt,ly wit,llout a cost for t,he aii~ouut of dist,ant, traveled. Howcvcr, it is not clcar 

wlict,lier atteiit,ioii 1ia.s iiilpact on int,criiictcliate loci as it movc?s. 

Att,eiition (.rLli bC splitted. Studies sliowetl that ollcS can track typicdly 3-5 objects at 

same t iiiw. 

I11 one tlleory, t,l~ere are two t,ypt3s of at,tt:ntioil: eiltlogcmous and rxogciious atteilt,ia~. 

Ei~tlogt?~iolis at,tciitioil, also kilowil iis t,op-down or goal-driven att,tmtioi~, is c+fortful, 

voluilti~ry and clearly under the coi~trol of the individual. Exogeiious i~tteiit.ioii, also 
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known as bott,oiii-up or st,imnl~w-driven attention, draws at,t,ent,ion aut,olnatic:ally to a 

particular lotrat,ion. The cont,rol systltmls of tllese two t,ypes of at,t,c:nt,ion int,eract with 

eizcll other. Therefore, in visual search, at,t,e~lt,ion is guided hy int,erac:tio~~s bctwccm 

the exogenous input ant1 endogc~~lous percept,ual set,. 

Wl~eu users are in a goal-drive11 st&:, otllor inforniatio~l ill t,he e~lviro~~nlcmt is igmred 

or i~iliibit.. However, this does 11ot lllearls that those infor~rlatio~l art: u~ist:on, ri~tllnr 

they may be i~nplicit,ly registered. 111 other words! ~ ~ s c r s   nay rtwle~llbc?r S O ~ C  irrclcvaut, 

i~lfor~rlation regarding the cnviro~mlent cvCn tliol~gh it is not thcir focus at that point 

of time. 

Gestalt Principles 

One of the questions raised during our abstrac.t screen studies (Cllapter 4) was liow 

layout affects users' responscx Existing applications a i d  web sites totlay ge~lerally liave 

different ways of placing sc:rccm cont,rols. Applicatiom llavc c:o~lt.rols on t,op or bo t io~u  of t,he 

scrceu while web sites liavc coritrols on top or on t,lle sides. Gestalt theory s eem to providc 

us so~llc? answers of different layouts. 

Gestdt theory was fou~ltled by Max Wcrtheiriler, Wolfga~lg Kohler ant1 Kurt KofFka in 

early 20th ccntury. T l ~ e  word gcst,alt originated from Gcnlizny. It 1it.eri~lly nlealis sllapc. 

or form. I11 psychology, it rrieans tht' whole. Gest,alt psychology is a study of perception 

ant1 bchaviour fro111 t,lw standpoint of an irltlivitlual's rcsporlses to c.orlfiguratIional wholes. 

It shows the iinportarlce of organizations of visual pcrceptioil. One irrq)ort,ant, also well- 

known, finding is W e  laws of grouping", first noted by Wt:rtheiuit:r. Wcrthenlier (1912) 

was i~~t,c?rest,cd in "what goes with what" irr visual pcrcept,ion [8,  p. 1541. He corist,ruc:t,ed 

visual arrays of simple geonletrical elcment,~ and varicttl o m  single fact,or to  dct,ernii~ie it,s 

effect,s oil pcrceivcd grouping. 

Here are some exaiiq)les of "the laws of gronping" [24, 81: 

Therefore, it is not surprisillg to  find exanlples t,llat uscd t,llese laws in iatcrface design. 

Colour and Culture 

The languagc of colollr ant1 culture also has so~lle influences on usc~s '  perception. Colour 

helps to  sepirat,c: objects fro111 t k i r  background. It helps us to make fine discrirninatioris 

between objects. In real life, wc also use colours nlaily other ways. For cxarnple, trtdfiffic: 

syst,cnls worldwide use colour red as stop or llaxartl. Tllereforc:, a rctl it,ern on tllc sc:rc:en 
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THE LAWS 
Proximity: 

Similarity: 

Closure: 

Sy~nnictry: 

Continuity: 

ITS EXPLANATION 
it,crns see11 as a group if t,hey 
arc closc t,o tach othcr 
items sc~m it.; a group if t,hcy 
share visual ckmwtrrs such i ts 

color or size, a spccial case is 
"comrrion fate" which rcfcrs to 
n~ot,ior~ 
group clemcrit,s int,o complct,~, 
closed figurtls 
syrnrnetric e1errit:nt~s seen w a 
group 
group t~lcn~cnt,s ht,o continu- 
ous c:ont,ours or rq)t!ati~ig pat,- 
terns 

EXAMPLE IN INTERFACE DESIGN 
words or1 a nienu bar 

Window rnar~ip~ilatiori corit.rolh, t3.g. scroll 
bar 
a I)age of paragraphs 

Indy tcll users to  stop the ~~ctic)li. However, colour rctl may 11dvt. otllt.1 ~wanings iu clifferelit 

cont.t?xt. In Cllinese cukurc, thc red also implies sc~nlething good or joyfill. So whtm wc use 

rcd colour in the design, it, ~ n i ~ y  indicate- il warning or not,, deptwding on how users int,crpret, 

it. In addition t,o ildividual difforcnc.~? designers also bring in t,heir c:ult,nre t1iffcrenc:es. 

Similar objects may 11avc diffeseut appearances ill difftlrent cultwc. Mail box is all c>xil~q)lt>. 

The mail box ill UK is different from the one iu Taiwau   st^ Figure 2.2). Tlicrefore, t.11~ 

tlesigl~ of a mailbox control on the screcm 111ay not be t,hc S ~ I ~ I C .  However, (11~: to  t,heir 

co~nplcxit,y, we do not consider c:olour ant1 c.ult,~~rc effects 11t:rt:. 

(a) Mailbox in 
UK 

(b) Iblailt)ox in 
Taiwa~i 

2.5 Visual Indicators - What's on the Screen 

Before defining a tlleory of "clickability" fro111 thc theories of affordances a d  visual 

percq)t,io~i, it is mcessary t,o u~ldcrstmlcl liow visual rc:prcsc~~t,at,ions arc 11scd curre~itly 011 

the colnplter screen. Thtwfole: the first step we took is to find out what we already haw 
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oli t,lic screeli. There is a linge alliouut of t,lw iliforluat,ioll tha t  is prese~it~etl t o  us by a 

typical deskt,op screen. We focus 011 how t , l ~  collnmnds art? presented t o  usors t o  catch 

t,lieir att,ention. Most of tlic corinnands are reprcsent,ed by solrlc visual voc:abulary. We 

c:ollect,ed some visual indicators of comrmrds  from Mac: OS X,  Microsoft Winclows! and 

1. click 21. empty (in Mac- 0s) or full (in Micwsoft) 

Windows) scroll rcgio~i t,o indicat,e full doc- 
2. drag 

ument in view 
3. operations: closc, rninimizc, tmlarge, open 

22. rriouse-over gives rnorc? dcscript,ion in lowcr 
windows 

text box 

4. cliclk to pop up a window 
2:3. click sonie 1)lacrs changes rneriu bar 

5. click to bring window to front 24. click on menu and drag continues to clrop 

6. t,ext, down rrit~nr~, also highlights current rric~nu 

7. image 

8. imagc and tcxt 

9. butt,on 

10. scroll bar 

11. rnenu bar 

12. menu entry wit,ti icon 

13. 3D projection 

14. b syrnbol 

15. round edges 

16. square cdgcs 

17. plain, looks likc a pict,urc, 

18. 3D projection that is & clickable 

19. enabled v.s. disabled 

20. navigat,e scroll bar by dragging thumb or 

clicking on t,hc huttons or ernpt,y scroll 

s1)ac.e 

25. corribo boxes: look like a button hut act 

like a rrit~nu, two arrows indicate a combo 

box 

26. sirnilar functions gro~iped togcther 

27. givcs tcxt wlicn cursor on image 

28. cursor cliangs t,o indicat,~ (triable, does not 

change ovcr disabled 

29. ctirsor does not cliange to indicatt enablcd 

:30. Mac OS X: window but,t,ons look disablcd 

but arc enablttd (i~ntl light 111) wh(m cursor 

over) 

31. (flashing) bluc: for tlcfa~ilts 

32. irnage changes when cursor on top 

33. ". . . " in rnenu iridic~ating x dialog box 

34. click at ari itern on rnenu bar and get a drop 

douw sub-rnc:nu 

3.5. Microsoft Windows: underscored character 

intliciltt:~ c:ornrnaritl ktty 
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We also groupecl t,l~elll by tllcir similarity ill filnctiolls or t.ypes. Figure 2.3 shows the 

result of categorizatiol~. There are three major groups: Type of visual irrtlicat,ors? Fnllctions 

of nlouse, and Visual exes. Typcs of visual indic:ators are the basic: forms wliicli are 11sed t,o 

preser~t cormrlamls. They include irr~age, t,ext,, scroll bar, 111~1111 bar ant1 but,tons, as wcll as 

t,heir styles. Mouse 11s.s three fuuctions: click, drag: and nlonsc/c~xsor ovtx cffccts. Visual 

cues are arlytl~irg t,l~izt at,t,errlpt,s to cizt,ch uscrs' i~t~t~c:~t,ion, snch as cl~ablc vcrsl~s disabltd 

icons and symbols. 

While wc collcct,ctl t,llcsc visual i~~dicntors, we not,iccd t,l~at. not all con~rllards arc repre.- 

seuted hy one visual indi~at~or. Some conl~llantls, especially in some applicat,ions ant1 web 

sites, arc indicated by mixing 2 or more visual indic:ators. This is because some visual incli- 

cators do not cxprcss t,lleir funct,ions wcll wl~eu they s t l a d  alone. O l ~ e  example is butt,olls 

wit,l~ in~izgcs only in hficrosoft Word 2002. Users nligl~t not rccall or u~~derst.and the i1r1agc.s 

hencc t,llcy usui~lly have a rnousc-over cffcct. Tlle function of a but,ton is displayed aft,er t,he 

mouse cursor posit,ions at t , l ~  but,ton location for a few secolltls. Wt? also folilitl t,llat t,ht?rc: is 

no consist,ency, Son~c: cormlmlds have different visual indicizt,ors in diffcrtmt operathg sys- 

t,enls. For c:xample, item ~~un lbe r  21 - wllolc cloc:u~rlent has empty sc:roll region in Mac: OS 

and full scroll region in Microsoft Wirdows. This illc:ol~sist,el~c:y also occurs wit,llin hficrosoft, 

Wi~idows appli~at~ions -- application Notepad has cnlpty scroll region as full doclm~tmt. Do 

l~sers nndcrst,antl t,he visl~al language prc?scl~t,c?cl to  tht?lrl on t,he scwel~'! Is t,l~is lintlrrstantling 

the sonrce of the problems w11ic:h users cxpt:riel~ceP We t,rietl to  auswer these qliest,ior~s ill 

t,hc ~ ~ e x t .  cl~apter. 

2.6 Summary 

Our goal is t,o provide better dcsign guidelines for screeu cont,rols. In ot,l~cr words, 

we would like to  define a t11t:ory of "clickabilit,y", which is based on affordanc:es a d  other 

rel(?vant tl1t:orics. This t,llc?ory of "clickabilit,yn slmultl reduce t,l~c: diffcrcnce bet,weeu uscrs a ~ i d  

desig~~ers ant1 make any I I ~ W  visual feat~ire of screen c:ont,rols easier to use. I11 this c:l~apt,er, 

we presented several theories t,llat wolild llolp us t,o achieve this goal. Tl~esc t,hcories l~clp 

us to  ulitlersta~~d how uscrs pcrceive screen c.ontrols. They arc: 
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TY pe 

d 4 
TI-a. I magc T2-a. S c r o l l  Bar 
T I -b .  T e x t  T2-b.  Menubar --)Menu en t ry  w i t h  icon 
TI-c.  I m a g e  & T e x t  TZ-c. Bu t tons / fcons  4 

Style 

4 
51-a. Plain (look like a p i c t u r e )  
51-b  Square edges 

51-c. Round edges 

Funct ions of  Mouse 

rC .1 L 
Cl ick D r a g  Mouse/Cursor  over  e f f e c t s  

IC 4 4 
C1-a. Click t o  bring window t o  f r o n t  Dl-a. Drag t o  move the MI-a. Gives t e x t  when 
CI-b. Click t o  pop up a windown windows o r  icons cursor on image 
C1-c. Mac 05  X: Clicksome places changes b l -b .  See Ci-d MI-b. Gives more description 

menu bar Dl-c. See C1-e in  lower t e x t  box 
C1-d. Click on menu 6 drag continues t o  drop MI-c. Image changes when 

down menu. also highlight current menu cursor on top 
C1-e. Navigate scroll bar by dragging thumb 

or clicking on t h e  empty scroll region 
C1-f. Click a t  an i tem on menubar and get  a 

drop down submenu 
C1-g. Options: Open, Close. Minimize, or 

enlarge windowns 

Enable v.s. Disable 

€1-0. Cursor changes ~ n d ~ c o t e s  
enable, docs nnfi change 
aver disabled 

€1-b. Cursor doesnot change 
mdtcates enable 

€ 1-c. Faded o r  gray rnd~catas 
"disobled" 

El -d.  Mac OS X' Wmdow buttons 
look disabled but  are enable 
and l ight  up when cursor over 

€1-e. Rad~o buttons: only one of 
t h e  graup can be  active 

Visual Cues 

r( J* L 
Symbols 

4 
Y1-a. b symbol 
Y1-b. "..." indicates a 

dialog box 
Y1-c 3b Structure 
Y1-d. Some 3b projections 

are nnt clickable 

Others 

01-a. (Flashrng) blue f o r  default 
01-b S ~ m ~ l a r  functtons are 

groupedtogether 
01-c M~croso f t  Windows under- 

scoccd character ~ n d ~ c o t e s  
command key 

01-d. full (Mrcrosoft Wmdows) or 
empty (Mac OS) scroll region 
ind~cates fu l l  document vlew 

01-e. Combo boxes: look l ~ k e  o 
but ton but 19 o menu, two 
arrows mdicate combox box 

01- f .  Resize region rn Mac OS does 
not look like click-and dcag 

Figurc 2.3: Visliul Indicators o f  Connllauds 
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Tlictory of affordalmx Tliis theory offers 11s tlit? itlca of tmatiug sc.rc?eu c:outrols inde- 

pclldcnt of t h ?  m ~ t e x t .  

Tr.atlit,ional approacl~ to visual perceptioq in particular, object anti pi~t,tc?rl~ recugni- 

tion: Uscrs rc:cognize st:rtw~ cout,rols from plevious learning. 

0 Visual atttwt,ion: What uscrs perccivc is tiriven by what users intend to do. 

0 Gestalt. principle: Users group similar visual represelltations of scretu collt,rols to- 

gotlicr. Sill~ilasly, desigrms plaw silnilar sc:rccrl colltrols near ci~cll otlicr. 

Witli t,lle ul~derstallding of these theorirs, wo can cr(:i~t~> a 1)ottor dcsign for scrccl~ con- 

t,rols. However, col~vt:nt,iolis 11ave been developed o v t ~  t,lw ycars. It is casicr to  ilnprove 

the current convention tliarl crcate a nc:w design. U~itltwt,aldil~g what users learlled al~out. 

clickability would help us to know which visual c:ws x e  more effective and which are not. 

Httlm!, we prestmt our studies of ullderstal~ding uscrs in t 11e llcxt two chapt,ers. 



Chapter 3 

Studies of Naturalistic Tasks 

3.1 Motivation and Overview 

111 the last chapt,er, we nlcnt,iolletl t , l ~ i~ t  11sers may not know all tllc availabltt scrwn 

controls i~lltl may interpret screen controls differelltly from ot11c.r uscm, whicl~ n~ot,ivat,e 

us t,o provitle bcttcr dcsigu guideliiles for scrc:cu c:ontrols. 111 ortler t,o achievc: t,llis goal. 

we first studied tllc t,l~cory of affordances and other thcorics regarding visual perception. 

These t.lloories help us t,o untlerst,and t,he relatiollsllip bet,wecn llunlizn bcliaviours alltl visual 

perception. Wit,l~ the umlcrstanding of visual perc:c!pt,ion, we call creat,e a bot,t,c:r tlcsigll 

of scrceu represontations of connrmids, wllich inq)roves users' interaction wit,li c.onlput,cr 

systenis. On thc othrr hand, conventiol~s of screen design hime twen cstablishetl. Instead 

of crcizt.iug a new dcsigu of visual cues, it is casicr to  adopt, i t  horn current, collvont.iou. 

Hcncc it is irnport,ant to  understand what uscw have learl~cd about clicka\)ilit,y. It 11c:lps us 

to ullderst,and whic:h visual cues arc nlort! effec:t,ivt: and wllic:l~ arc? not. 

At the cud of last thaptc~r, we listcd 38 visual indicators of colrmallds on thc: screen, 

collect,etl fro111 various tlt:sktop/o~)c>ri~ting. syst,en~s. We also groupcd t llesc indicators bascd 

on their functionalit,ic~s a d  typcts (see Figurc 2.3). Wc not,iced that nlaily controls 011 tht' 

?;(wen consist of two or more visual intlicat,ors. Wc also folll~l sonlo inconsist,enc:y of cue 

usiLges: betwcxx applicat,ioiis. So, how many visual indicat,ors (lo users recognize'? Am1 

which cucs are recogl~izd? To imswer t,hcse qucst.ions, wc conductc~l a survey, in whicl~ 

users wcre asked t,o rccall i~lltl higl~ligllt what t11c:y renltmbcr as c1ic:kablt: 011 t,llc screen. 

Tlic result of t,lle survcy raised anot,her qur.st,ion - how ant1 why do uscm know tllc?s.;c? cues 

indicat,e t hc clickabilit,y'? Hence, we c:onduc:t,ed all ot)scrvat,iol~ study of uscrs wit,ll comput,ing 

applications. WC hopcttl o1)serving on illdividuals' working wit,l~ colriputer S ~ S ~ , C \ I I L S  would help 



CHAPTER 3. STUDIES OF NATURALISTIC TASKS 25 

us to llnderstaritl liow ant1 why know visual curs ilidicatcl tlie clickit1)ility. Tllrsr studics are 

described in this chapt~r. 

3.2 Survey 

This sect,ion gives t,lw details of liow tlie survcy was designed alitl lir:ltl, as well as tlie 

result,. Herc is how this section is organized: Wc first descrilw the design of t,lic: survey a d  

how tali(? survey was 1i1:ltl. The analyses a rd  result,s arc presented ~icxt,, followetl by suniliirLry 

of this st,idy. 

3.2.1 Study Design 

Overall Design 

As inr?iitiolied in tlie last section, we wcw intcrcstetl in how niarly visual illtlicators users 

rccogi~ize? as we11 as which visual indicators t,lloy recogliizc. Sinw we would like iiscw t,o 

recall tlieln, tliere was no iwt l  for users to interact with a volliput,er systclii. Hcnce we chose 

to tlo a survey on a colilputer scrccli sliot,. 

In Figurc 2.3? we know clickability a . d  draggd)ilit,y are two major fulictiolis of the nio~~sct 

pointer/c:ursor. Thc?refort:, what is clicbble ant1 what is tlraggablc were the two part,s of 

t,he survey. wt? were also intcrcstctl in whether users could predict what would happcm ?~ft,cr 

clicking. Heuce we se1cc:tetl t,liree locatlions (see Figurc 3. I(\,)) on the scrctc?n sllot ant1 ask 

t,lmn t,o t.cll us what would be the rcsl~lt,s of clicks at t,llcse locations. 

Stimuli 

We capt,unxl t,wo scrceli sliot,~, one fro111 Microsoft Windows ant1 orle from Mac OS X, 

i~lld ran a pilot study. Pilot studics ilitlicated tliat part,icipmts were uiifiamiliar with Mac 

OS arid so t,llt: 11iail1 st,~icly used ollly the Wi~idows SCSC(ILI shot. 

Figure 9.1 sllows the h4icrosoft Windows scrccn sliot,s we used ill tllc st,~ldy. The screen 

shot was t,he Windows tlctskt,op a rd  contailled soule opencd applicatiol~s. T l ~ c  dcskt,op was 

partially visible. Pa.rt,ic:ipmt,s were able to scc sorlle it,tms t,liat wctre 011 t,lie deskt,op. The 

openrxl applicat,ioris were Int,erl~et Explorer Browser, SSH Secure File Tralisfcr Cliwt,, SSH 

Securc Sl~ell Clielit : a d  Mic:rosoft PowerPoiut,. Tlie screen shot was pririt,etl on paper. There 

were three tasks: 

1. Highlight anytliing t,hiit is c:lickizt)lc (Figure 3.l(a)) 
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2. Highlight dilytliing that is clraggablv (Figut, 3.1 (a)) 

3.  Dcscribc the out cwmc~s of clickillg at t11rt.c tliffcwnt locations (Figul t~ 3.1 (b)) 

Clickable, Draggablt: and Outcoincs are usecl to refer t,liese t h e e  tasks li~tcr ill this cllaptcr. 

Not,e that t,llt> original screen shot was coloured. Howevttr, wcr presented to user the hlask 

ant1 white pllotocopy vcrsion as ill Figure 3.1. 

3.2.2 Study Task 

This survey was donct oil paper. Each participant rrceivctl tllret: pages. Ei~c.11 page 

cont,air~cd one task t1esc:rilxxl ihovc. A lligllliglltcr and s pc:n were provitlccl thiring t,lx 

survey. Participants wt:rc: told to use t,lle l~ighligl~ter ill tlle first two tasks. They also hat1 

t,llc option to writc rather thall to highligl~t. 

3.2.3 Participants and Sample Size 

Tlicrc were elevt?il pnrt,ic:ipaalts, six ulales ant1 five. fcsluales, seveil c~oirl~)utii1g/~?i1gii1ttt~rii1g 

(CE) a i d  four ~loll-c~oln~)utillg/ci~gir~eering (Noil-CE) students. Part,ieipallts rimgtd from 10 

to 29 ycsrs old. Coilqmting sc:iel~ce/eilgillc.cril~g partic:ipant,s were older than noil-c:olll~)~itillg 

st:ienc~e/el~ginc~ttrii~g participmts. This is because nlajority of t,heni wcm gradlrat,e st,utlcnts 

w1wrca.s 11oi1-coinputii~g sciencc/enginr:rrillg part,it:ipailts wcrc nlostly 1n1clergr1t .e  stu- 

clent,s. The llours spent using a coiuputcr ranged from 4.5 to 60 per week. Conlputiilg 

scieiice/ol~gil~eering partit:ipants spent an avt'rage of 40 hours p c ~  wcvk on (:0111plitc~s while 

11011-coinputin sc:ic:nr.e/eiigint:(:riiig pilrticipaiit,~ spent ail average of 9 hours on c:oniput,ers 

racl~ wcck'. 

Here arc participaiits' cxpt~riei1c:ci oil applications a i d  websit,t?s: 

0 Desktop 

Part,icipalits wcro all familiar with a t  least one vcrsioi~ of h4icrosoft Willdows. HOW- 

aver, five out of clovcrn part,icipailts. all CE participailts, kilc:w Mac: OS and t,llrcc 

part,icipants, all CE participants, knew another desktop. Tlle iliost well-known tlesk- 

top, basitltrs Microsoft Wiiitlows ant1 hlac OS? was Linm. Othcr known desktops were 

Unix a i d  FrccBSD. 

' ~ h o  coniplet,e statist,iw of part,ic.ipants' backgrourid car1 t,c found in Appendix F. 
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Applicat,ions 

CE participants ~ ~ s e d  nlorc Microsoft, applic:ttt,ions - Word, Exccl, a i d  PowcrPoii~t 

tl1a.n Non-CE part,i(.ipi~~lt,s. In fact,, NOII-CE partkipants used nlost,ly Word only. 

A~llong CE part,icipa~~ts~ the   no st, freque~lt,ly used applic.nt,io~l was Word, folluwctl by 

PowerPoint , then Exccl. 

Web Browsers 

All of the111 used a lot of Int,ernet Explorer (enlbctldctd in the Windows systc~ll). The 

second popular browser was hlozilla or Netsc:i~pe, wl~ich wcre uscd by c:o~~q,ut,ing sci- 

ence part,ic:ipant,s only. Only a few participaut,~ used ot,hcr browsers. 

Wcb Sites 

All participant,s used thc: Google search enginc ofteu but not ~lecessarily ot,hc?r web 

sites. Amazou represents slloppi~lg web sites. W(: chose it b(?ci~ustr it is a popnlar 

and well kmwn sllopping web site. Yahoo maps represcnt.s i~ifornlat~io~l web sites. 

Pa~t~icipants did not use web sit.es such as A~rmzon and Yahoo maps frecpcntly at all. 

Hot Keys (Short-cut Keys) 

CE part,icipant,s knew IIIOI.~ hot keys alld used thcnl ll~ore frcquc~lt,ly hot kcys t,llan 

NOII-CE part,icipa~~ts. 

In sulluiiary, CE part,ic:ipant,s had uore experie~lcr 011 diffcrcnt applicatio~~s a d  web sitcts 

than NOII-CE part,iciI)itnt,s". 

3.2.4 Schedule and Setting 

Tht: duratio~i of this survcy was about 15 ~niliut,es. Participa~~ts were schetl~~letl basctl 

011 thcir preferences. This survey was 11cld eithcr at t,he roorl~ ASB OR34 in Simon Fras(?r 

Univcrsit,y Bl~rni~by Ca~npus or a t  thc loc-at,ions of  participant,^' c:lioiccs. 

3.2.5 Analyses and Results 

The results wcrr divided into three parts, based on the tasks: Clickable, Draggable, and 

Outcon~es. For cach part,, we first introduced the correct responses of that task? followed by 

users' responses, thcn a~lalysis and sonle disc:ussio~l. 

2 ~ t ~ e  conlpletr st,atistics of participants' coull)ut,t:r usagc can hc found in Appcr~dix F 
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Task 1 - Clickable 

First, we tl(4iiicd it clickable iteiu on the scrcu'n iLs i L l l  it.c?in for w l ~ i c l ~  a sii~gle left~-ii~o~isc 

click cl~angcs t,lic iiit,erl~al p rogran~  state and pcrhaps t , l~c  wrreil st,;~t,e. Tl~t:ntfore, the  correct, 

response for this t,ask is the  cmtirt? sc:reeir except a sl11~11 area, 011 tllc? Task Bar when: therc 

arc no icons or buttons. Two part,ic:ipants, both CE, liigl~iliglit,t:d tllc: t\nt,irc sc r t !~?~~ .  Ot, l~er 

part~icipiti~t~s lligliligl~tt?d some  part,^ of the  scrcxm shot, such as icons a i d  but,t,oi~s. Not,icc 

t,lmt, somc of the  clickable it,cins like icons appear ill morc? t(l1a11 oil location. However, i ~ o t  all 

part,ic:ipi-~nt,s highlig11t.ed all of the in  Here is tlic list of it,eir~s ill t,lw order of rmst  frc:cpc:nt, 

choice t o  t,he least: 

Icoi~s, Buttons3, h,fenu Bar 
Web Text. Link 
Text Arm4 
Titlc Bar of File Display, Imagc?s/Picturcs in the. wcl) sit(* 
Title Bar of Wirdows" 
ScroIl Bar, Windows Task Bar" 
Desktop Space, Too1 Bars, Tcxt iri tht? wcb sit,ct7 

Analysis and Discussion: Icons, buttons, irleilii bars and web t ~ x t  links arc thc  1110st 

popular mswcrs. This is not a surpsise since 11st:rs m c o u l ~ t t ~  tlicsc items evc:ry t,iirlt: they 

use applicat,ions or web sites. The rcasoli t ha t  web text liiiks only had 10 rt:spoliscs i~ i s t~c i~d  

of 11 was due t,o t,lw fact tha t  one part,ic:ipai~t t,liought the active wildow was Microsoft, 

PowerPoint,. All his rcsponscs wcrct witliili tliat window fri~l11~. Hc believed tallat all the  

clickablc iteirn wc:rc% in tllc il(>t,ivc? window only. Text, Area was the  next inost frcqlicnt ailswcr 

since part,icipitnts usc RIicmsoft applications and  web browsers frequent,ly. The  rcst of tlie 

answers liad lcss t 11~11 50% of respoIist:s for S ~ ~ V C S ~ L ~  reasons. First, recdl t,liat pi~rt,ic~il~tllt,s 

did not higl~ligl~t all t,lit) rclat td itcmls. Oiie rxailiple of taliat was t,cxt area. T11tw w r r ~  two 

1oc:atioiis rclat,etl t o  tcxt arca: atldrcss box in tlie web browses a i d  PowcrPoiiit slide,. Most, 

of  participant,^ only chosc oiic of tlicni, not both. This implied tallat, ttllesc: was a grtxat c1iaiic:c 

that  participants knew what objects wcrc clickable but  fail t o  recognizt: t,liei~l. Second. some 

3~ricludirlg t,hc ones in t,ool bars 
4~ocat,ed in PowcrPoint slide and wcb browser address section 

%xcluding any icons and t)utt,ons 
R 7 Scroll bar: only t,he space, arrows cour~ttd as butt,ons, Windows task bar: cscll~tiir~g icons and buttor~s 
' ~ 0 0 1  bar: right-mouse click, Text in the web site: excluding text links 
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fulictlons wcw not oftcil used by participcllits. For ~~xdll lplc~,  clicking oil o i i ~  i t ( m  of tlicl t i t k  

bar of the file display wolild sort tho files based on that itcnl. This was not a frequtWly 
used function. I t  was teasily liiisscd whcn the  wilidow was behilid aiiotlic~r wiiiclow and 110 

file listed. Last,ly, thc: survcy was given ill black a i d  white, so soiiie details were siiiootlird 

out by tlir: gray scale a d  photocopy ~ilachille. 111 sliliililrtry, thcrc wcrc olily a fcw itcliw 011 

t , l~e  sc:reeli tha t  participalits colisistently recognized: icons, but,tolis, nic'iiu bars, wc4) t,rlxt 

links, an(l t,cxt arcas. And t,llr? v i s d  indicators tha t  are associated with these itcms are 11ob 

nlaliy either. There were 9 out of 58 of tlic list in Sect,ioli 2.5: 

click to pop up a window 
click to bring w~ndow to front 
text 
b11ttor1 
rntmubar 
b symbol 
round dgeh 
square edges 

Task 2 - Draggable 

There arc 19 draggable items oil the screen sliot,: 

Intlividual Windows (by dragging titlc bars of the windows) 
Borders of thc. Windows 
Corners of t,he Winclows 
Icons 011 the desktop or Windwos Task Bar 
Tcxt boxcs (in PouwPoint only) 
Tool bars 
Scroll bar 
Width of t.he titale bar of file display 
Windows t,ask bar 
Separate bar bct,wcon window fi~nc%ior~s arid wcb pagc q)aw in t,ht. Irit,crnet Exploror browser 
Irnage/picture in the site 
Text in the web site 
Icon in the web ad(lrc?ss box 
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The first 10 items appcw on applications or t,llt: clcisktop and t,htr last 3 items arc relattd 

t,o web sites. And part,ic:ipants' rcspowes were 

Nu~nbcr o f  Responsc?s Ite~ris or1 the scrccn 
( M a x .  = 11) 

9 Wi~~dows' 
5 Icons on t,hr dt:skt,op or Wiridwos Task Bar 
4 Tcxt Boxes", Tool Bars 
3 Borders a id  Corrwrs of  thc air~dows, Scroll Bar 
2 Widt,hs o f  Titlc bar for file c1isl)lay. NM~dows Task Bar 
1 Text and Images/Pictures in thc, wcb sitt:, 

Icon at tlie a r c h  atldress box, St?l)arilte Rar"' 

It is int,ercst,ing t o  note t,llat one piXtic:ipallt did iiot highlight m y  it,elu. Ant1 like 

Clickablc, m t  all pi~t, icipants higlllighted all r th te t l  items. 

Analysis and Discussion: Thcrc was only onc item which had over 50% of rcspo~lses 

Windows. Perhaps re-positioni~~g windows is a freqlicntly used funct,ion. Tliert: wcrc two 

possible e~plunat~ions.  First,, rec:all that  partic:ipants (lid not liighlight id1 tilt: related itcnis. 

One exainplc of that was icons. T l ~ e r c  wcrt? srvc:ral ico~is 011 thc Willtlows t,ask l x r  m t l  

two 011 tlic dt?skt,op. Some part,icipant,s higldight,ctl tlie icons on t,llc: Wimlows task bar but. 

iiot tlie outs on t,lw desktop. This implied that there was iL gwitt chance that participalits 

knew wlli~t, it,trms wcre tlritggable but. failcd to  recognize: theni. Sec:ontl, the survey was givcm 

in black a ~ l  whit,e, so sonie details were sniootlicd out by tlic gray stale? and pl~ot,oc~jpy 

lilidlilie. Ovcmll, part,icipalit,s tlitl not recall nlany items t,llat are tlraggablt:. 

Task 3 - Outcomes 

In t,liis task, we asked part,icipants to  report what would liapptw after clickilig i ~ t  ap- 

pointed locations (see Figure 3.1 (b)) . Tlie correct uswers  arc: 

Loc:atim 1: Go t o  Caliitdit Trust Holiie Page 

Location 2: Notl~ing 

Locatiol~ 3: Act,ivatc Powt:rPoint Window 

Recall that  wc only considcrc?d a siugle left-rriouse click. Herc are part,ic:ipalit,s' responses: 

'Drag window tit,lc bar 

!'Only in PowerPoirit 
1U betweo~i window f1111ctio11s and web sit,? space in Int,ernet Explorer Browser 



CHAPTER 3. 

Location 1 

Location 2 

Location 3 
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:{ Go to Canada Trust Home Pagc" 
1 Go to Canatla Trust Home Page, possibly 

wit,li new wiridow 
4 Another wt.1) page rcpli~ccd current one 
1 Opt,iori of Canatla Trnst pop-up 
1 Nothing 
1 Close ot,hcr windows 

H Not,hirlg" 
2 Highlight web addrcw 
1 Open previous acldrc~sscs menu 

7 A~tiv~itc Powc~Poirit Wirdow"lh 
2 Pop-up PowerPoirit Window 
1 Open PowerPoint Window 
1 New options of PowtxrPoint 1)op out 

"Correct resporlst- 
b~ncludirlg answers such as brirlgirlg PowerPoint Windows in foc:lis or on t,op 

The first entry of cach location is tllv t:orrtxt a11swer. During tllc S L ~ ~ V C ~ ,  some partici- 

pauts exprcssccl vcrbally that t h y  guessed sonic, of tllcsc imswcrs. 

Analysis and Discussion: The majority of pi~rticipauts ullderstootl tllc outconiw of tllc 

clicking. At locatiol~ I ,  lrlost part,icipant,s collsidcred it t,o be a lilik a d  rcsponcled tliat an- 

other web page would appear, even tllougl~ t,hey lnigllt uot kuow wliicli web page. Sindarly, 

most participmits klicw liotliing wollld hi~1)p(111 wlie11 clickilig at lo~i~t iol l  2 i ~ ~ l  k~it'w t h  

PowerPoint window would bc active wlieli clicking at locat,ioli 3. However, as rrientio~irtl 

carlicr, sonic answrrs wert: guessed. Our obscrvc:r notod that at  least two part,icipant,s said 

tlley did know tlw imswcr but wrote down "Notliillg" at 1oc.ation 2. Wt> also rcc:c:ivc:d sonic: 

unexpc~tccl answers. For example, clickilig at, locatioli 1 will "(:los(? otlier wi~idows" or .'Ncw 

options of PowcrPoint pop out" after clicking at, llocat,ioii 3. Now. a qliest,iou was raised: liow 

(lo users know the outcome of clickil~g'? Not all pixticipant,s who liad correct or close t,o cor- 

rect responses used these applic'at,ions before. Thctre is sou~tlthing about visual appearances 

of t,hcsc itcnis t l ~ a t  i11dic:ates their fulictioils. 

We learned scvcral hnliian 1)ehaviours frorii this survey. First,, most participmt,s worc 

awarct of the ~iiost freqilei~t,ly used it,eriis only. As a. rc:sult,, only a fcw it,en~s 011 t,lw screeu wtw 

recognizc~l by more t,liar~ half of the part,icipants. This answered our question of how lllally 
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visual indicators uscrs rccoguizc. Sccol~tl, not all participai~t~s rcv)gllized all relat,cd it,cmw at, 

t,lle sanlc time. Third! users do not always know every si~lgle outcmlle of clickirg. This also 

shows t,lM not all visual rcl)rescnt,at,iolls of screen coi~t,rols givos users good inclicat,ious of 

'51 xers what thc co~lrnlantls are and how t,hcy work. This inlplies that thc pcrc:cpt,ions of dc:'g 

and users may not be t,hc s a i ~ ' .  IS tl~ere a better visual rc:~,rc:scl~tat,iol~ of screen ~ont~rols 

for whicll users aud d(\signers would have similar pcrccption? 

However, t , l k  survey has a lin~itation. We only have access t,o what users rec:ognixcd oil 

t,lle screen shot. Wllen we askcd t,lleiil to  pcrfornl task 3,  we found th i~ t  pi~rticipant,~ kuew 

t,lw answers evcn t,l~oligl~ they 1levt:r used t,llesc feat,nre. Howevttr, in this survcy, wc wore 

nilable to gather inforn~at,ion ou wllic:l~ visud cues intlicat,e the possi1)le rc:sult,s of actions. 

We could not draw ally conc:lusiol~ about how llsers know t,he out~com:~. We bclicvc t,llat, 

son~e visual features of the scree11 ~:oiitrols indicate clickability and their fl i~ictio~~s. H c I I ~ : ~ ,  

we turned our focus t,o find out what visual fci~tures con~mu~~ica te  wit11 uscrs effectively. 

3.3 Real Application Observations 

The reslilt of our Survey? wllicll were tlcscribed in t,lle last scction, sllowetl t,llat users did 

not recognize IIIU(:~I on t,llc screcn shot. However, wc txlictvc: t , l ~ t  t,llcre is s o ~ ~ ~ e t l ~ i n g  about 

visual appearance of scree11 colltrols they recognized that i11dic:ate their f~~l~ct,ions. Hence, ill 

this section, wc: prescnt results of our at, t ,e~~lpt t.o find t,lic, v i s d  features of scree11 c o ~ ~ t m l s  

wllicll effectively connrl~il~ic:ate to  users. We st~ulietl this by observing users' interactioll wit11 

a computer syst,c:ln. Wc first describe the design prowss of this study, inclucling two pilot, 

studies. Thtm the allalyses a i d   result,^ arc preseuted uext, followed by tllc surnnlary. 

3.3.1 Study Design 

Overall Design 

111 t,hc last study, we foullcl that survey did not give us any iilforinatioi~ regartling how 

users recog~lixe where to click and know it,s outcon~e. The survcy was based on ~lsors' 

prcvious cxperiellce. There was IIO inforinat~ion of how t h y  knew. We could ask users how. 

However, the IIIOIII~?II~ users start thinkiiig how, t,l~ey might i w e ~ l t  rt?aso~~s. 0 1 1 ~  possible 

solutioll is t,o observt: t,llcir interaction with c:onlput,er syst~eln. Tlwre was not r11uc11 to observc 

irr t,llc Slirvcy bccause tlrerc was no irlteraction wit,h real co~nputer systems. But wlren 

users irrteract wit,ll tllc syst,erli, we can observe the posit,ions of the rnollse poiiiter/cursor 

ant1 users' gestures. Tllc positions of tllc mouse poiliter indirectly suggests uscw' t.llinkiug 
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paths. Users' gcst~ires show tllcir at,t,itutles ant1 reactions, which also illdirectly suggest their 

t,hinking paths. Thcwforc, ot~scvvations of uscrs' interact,ions with real applicat,ious or web 

sites were our first at,tcnlpt t,o find visual features that colrununicate to  t,he users effectively. 

Wc llatl t,wo choices of o1)servi~tion: on an application or wcb browsing. Bcforc wc 

tlcsigned this st,udy, wc ran one pilot stutly on an application ant1 on(: on web browsing. 

These pilot studics hclpctl to tlcsign tllc find version of the stutly. Thc details are ncxt. 

Stimuli - Pilot studies 

There were two pilot st,udics. Tllc first pilot study was all observation of an applic:at,ion. 

The s e c ~ n d  was on web sites. There wcrc two participants in t,lle first pilot study and four 

participants in the sec:olltl pilot st,udy. 

Application Observation: We chose Micmsoft Word for t,wo reasons. First: word p r e  

cessillg is one of t11c conmloli uses of conlputer. Sec.oild, Microsoft Word is onc of the 

rnost used word processing app1ic:ations. This pilot st,udy consist,etl t,wo parts: first,, a brief 

dernonstrution of participants' typical usage of the application a i d  second, duplicating a one 

page docuncllt as closely as possible. This t1ocwnc:nt (see Figure 3.2) conti~inetl 2 colulluls 

of text in lalitlscapc!, two types of bullct,~, a t,iible, a graph and an inlage. Another t,ablel1 

was also givcn, which was the infor11~tio11 to crtSat,t\ t,lw graph. 

The typic:al usage of Microsoft Word that pizrtkipants showed tho observt:r involved 

saving files and formatting text font, size a d  facc. It was simple and straight,forwartl word 

processing. Since participants knew where the fimctions werc located and pcrforn~etl t ,hc~n 

without any clelay, this did not give us any infornmt,ion of how t,hcy knew wherct to  click. 

Whcn rccwating the docmrlent, pa.rticipants only used cert>ain functions w11ic:h t,hcy had 

used frequently, such as the "undo" button. Wc also found that t,hc sc.icnc:e student had morc 

cxperiellce usiug tliffttrcnt funct,ions in t,his application than the illt,ttrior design st,udcnt,. Tllc 

science st,lideut> who st,udied Bioclmnistry~ had crcat,cd graphs alld t,ables for ld, reports 

bcforc and kncw where t,o click t,o cllange text into two colunnls and how to c:rt:atc the table 

and the graph with given informat,ion. The sciencc st,udent spent some time tllinking about 

which functio~l she could usc to  creatc a graph and t,wo colunms. This was probably due 

to the fact t,hat sonleone was wat,ching slid she was a bit nervous. It. was iuteresting t,llat 

even t,llol~gll t h  interior st,udent did liot know how t,o create a table or graph, she found 

a way to achieve tlw goal. Inst,cad of looking up help 011 t,lie f~iit,llres, she spent quit,(? a 

I1  This table is in Section C.l 
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bit of time clicking on differeilt functions which wcrr displnyrtl by default. Shc cxplorecl all 

kinds of buttons displayed oil the scrctcn by default. 111 part,icxlar, shc explored drawing 

fui~ctions and tablc functions. She kept clicking on t11r:se furlctions t,o understand what t,l~ey 

do. Towards the end of st,utly, she figured out, how t,o crtiat~ A very simple table. She dccitlcd 

to duplicate the graph by using the drawing t,ools. The graph was a bar graph. So she used 

rectangular drawing fnnction t,o crt:ate the graph box ant1 bars, and add tl~ct labcls by using 

a tcxt box fnnction. Even tliougl~ she did ~ io t  fully finish t,lie whole docl i~~~cwt,  s11c Illitliag(l 

to create tlre gri-zph fairly close to t,lie original. Note that both participants werct u~iablc t,o 

finish the doc:unlcnt witlii~i an llour. 

Sincc par ti rip ant,^ did not finish recreating the docu~ncnt, wc realizcd t,l~is tlocui~~ent 

was eit>llcr t,oo long or too c~oniplicated. On t,lw other hand: how t,lic iiitcrior design student 

achicvctl creating t,ablc and graph showed us therc: is a problcni. All tlic functions that 

were displayed by tlcfault. llad tlie same look -- a s ~ d l  icon image. Since she knew soiiic of 

t,liese display funct,ions such as savc?, slie recogni~ctl that. t11c.y were all c.licbble. Howcvcr, 

she had no clue what the functions did even tlioi~gl~ slle knew what she was looking for - 

icons to indicat,~ t.o gc~lerat~e tables ant1 graphs. It also secnls like slre was unaware t,llat 

explanations of buttons appcar with ~nousc-ovvr c?ffect,. This raised t,llc qnestion of how users 

i ~ ~ t t q x v t ,  t,llese icon images. In other words, liow labels suggest clicki~bilit,y by siiggt.stiiig 

functionality, wlricl~ refers to  t,lie func.tio11it1 rc?latio~rship disc:ussetl in Chaptw 4> Stuly 2. 

We were looking for the itnswer throughout tllc rest of our studies. In sunniiary, we wcre 

unable t,o gat,lic,r any ii~fornlation of how uscrs know t,lie inmgcs tlisp1ayc.d as applicat,ion 

funct,ions arc clickable. This is because users know some functions tlisplaycd as clickable 

inlagcs ant1 t,rc:at other displayed images as unknown fiinctio~~s, w1iic:ll are also clickablc. 

This is hunian nature of treating siinilar objects as a group (Gest,alt Principles), which was 

clescribed in Chaptcr 2. 

Web Site Observation: Wliilc wc w t ~ c  running the pilot study on Microsoft Word, wv 

also ran a sirnilar pilot study on wcbsitcs :LS well. We asked part,icipants t,o clioosr- onc or 

two web sites that they visitcd frtqurntly. Their clioices of web sites ranged fsoni rciztling 

ncws, wallpaper download, c-~iiail, university stutleiit service, t,o snartlll engine. Part,icipaiits 

then visit,ed these wcb sites while we ot)servtttl t,l~cir bchaviolx. 

There were four part,ic:ipant,s in this pilot study. Tlw first participaiit,, wlio liatl t h  

shortest observat,ioii t,inle, visit,ctl only t,wo pages of iic\ws websit,(:. Slic quickly sca1111et1 

t,he first, pagc usiiig the sr:roll bar and clicked a link oil t,llc top of page t,o juinp to a 
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page cont,aining a list of news videos. She t l m ~  s&x:tetl a ~ ~ e w s  video to watc.11. The seco~~cl 

participant diosc tlic s cxd i  engine. While she was tloi~ig lier researc~h on a specific t,opica. slic 

also used ail oil-line e-inail systcm~ t,o forward ii~fornlation to  lwr fricntls m d  ustd Microsoft 

Works to  save some of infor~natio~i sht: found on t,he web sitcs. Slw clickctl mostly on 

"back" 1,utton to  go back to the search rcsult pagc. T l ~ c  ~~c ,x t  part,icipant, (:hose a wallpaper 

dowriload website. He mostly nsetl a ~ I E I ~ I I  011 the left of the web pagt: to  browse sclcctlions 

a d  click~d on iniages to  dow~iload. Tlie last participant list>d a web-based e-niail service 

and university stutlcnt scrvice, provided by her school. She clicked ou the menu 011 tllc sidc 

1~a.s to  access her ~ C ~ S O U I L ~  studcnt recortls. 

Since t l ~ c  web sites t l~ey browsctl arc their frcqlm~tly visited pages, participants did 11ot 

have ally difficulties t,o tjrowse wcb sitcs. In addition, they went directly to  their t,argeted 

links on the pages. We were ur~able to gather m y  inforn~ation t , l~at would tell 11s how users 

know what visual featl~res of t,lw screw co~~t lo l s  iudicate t , l~c clickability. Tllerefort:, we 

needed a~io t l~er  ~ r i e t h t l  brsitlo just obscrvation. We chose a t,hink-aloud protocol. 

We had two of tlw four participants re run  t,his pilot study wit11 a t,liink-alo~~tl protc- 

col. Unfortu~~at,c>ly, this was not very effrctivt.. One participant did not say nmcl~. T l ~ c  

other participant said a lot but not 11111t.11 rd i~ tcd  t,o t l ~ c  clickability we were looking for. 

Evtm though think i~1011i1 is a gooil 111etl1od for tracking users' t l i i~~king paths, vcry little 

infoni~ation participmt,~ said was uscful to  us. 

Summary of Pilot Studies: The pilot stndies l~atl  several limitations. First,, there was 

too 111uc1l going on. In the application obscrvation, there wc:rc: too n~tmy ~ L C ~ ~ O I I S  iwolved. It 

was hard to dist,inguish what cues involved in which action. Second, t,l~cre wcrc nlany paths 

to ac:l~icve actions. One exa~nple was that  participant,^ could gcncratc a graph hy using 

drawing fli~~ctions iu the application, instead of using table and graph fiinc.tio11s. This was a 

problcn~ becausc it did not help us to f i ~ l  out w11ic.h visual cmx intlicat,t, c1ickal)ility. Recall 

that 111ost of the scree11 c:o~~trols are r~ladc of two or more visual cues. Wlmi part,ic$,ant,s 

cl~ose a fan~iliar path t,o acllicvc actions, we can only coliclutle that t,lw conhinations of visual 

cues inclicated clickability, not t,lle idividual visual cues. Third, participants pc~rfor~ned 

fimljliitr i tctio~~s automat~i~ally. For exa~~iplc ,  tliey clicked 011 "undo" or "back" h t t o n  

wit,lwut extra t h i ~ ~ k i ~ ~ g  or s~arc l~ ing  wlim they would like to  go back to a prcvious state. 

Rccall t,hat our goal was t,o find visual features of screen controls t , l~at indicat,e clic.kability 

a i d  t,l~eir fu~ic t io~~s .  Tlic li~nitations ~ m d r  it hard to  gather infor~~lation t , l~at would lwlp 11s 

to 1111derst,antl wl~ich visual cues co~nnm~~ica t r  t,o users effectivtdy. Wl~eu t l ~ c  int,c~ldcd actiou 
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"The women had no chance. The men were nothing but one of six teams 
capable of winning. So said the critics and naysayers. But on February 21st 
and 24th, 2002, the women and men of Canada's - teams completed an 
historic double, a perfect sweep of - gold at Salt Lake 2002. ... For the men, 
it represented the end of a fifty-year drought that went back to the '52 
Edmonton Mercurys. For the women, the win was sweet revenge for an 
unexpected loss at Nagano in 1998. For all of Canada, the wins not only 
satisfied a nation infatuated with --it helped define and reaffirm the 
country's identity." 

Category: Sports 
Author(s): First name is Andrew 
Publisher: Fern Publishing Company Ltd 

Book Title: 

Book ISBN: 

This study consisttd of six book searcllcs on six tlifftwnt web sitcs. We l ~ l  two versions: 

I?, text web site 4 1 Book 4 I I?, text web sitr 4 1 Book 4 
I?. tcxt wt+ site 5 1 Book 5 I I?. text web site 5 I Book 5 

I I I I Side. text web site 6 1 Book 6 1 I?. image web site 7 1 Book 7 1 

Vt>rsion 1 

The difference betwtwl the two versions is the sixth web site. The first five web sitc 

I?, text web site 1 
I?, tcxt web sitc 2 
I?, tcxt wcb site 3 

Version 2 

llacl r design and text style on the top lllenll selection. T1w sixth web site of vcmion 1 

Book 1 
Book 2 
Book 3 

I?, tcxt web site 1 
I?, text site 2 
I?, text web sitc 3 

llad different lclyol~t, tlw side design. The version 2 l ~ d  different style of nwnu sclt>ctio~l, 

Book 1 
Book 2 
Book 3 

inlage stylc. The itlea was to let users gct fanljliar with o w  pxticulill. layout and graphical 

lsnguagc.. Then wc. wonld like to  we how they clmlged their bellaviours by giving tlltm~ a 

different stylc of wc.b sitc at thc end. We hoprd the c . l~nge of bt~hmiours would reveal nscrs' 

tllougllts, fro111 nlouse ~novcnlent and users' gestures, and help us to nn(lcrstanc1 users. Also 

note that the books for the two final web sitcs were diff(?rent. This was tluc t,o tllc fact that 

we had hard tinw to find o w  book that existed in both web sites. 
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3.3.2 Study Task 

In this study, participai~ts were askcd t,o browse six diffcrwt oi~l i i~c bookstore web sit,cs. 

A list of book tlwc:ript,ioiis was given, oiie for ( : d l  websit,e. Pwticipant,~ wc:rtt askctl to fii~tl 

thc latest availablt: version of t,lic book titlel it.s ISBN and eurrcnt price that niat.c~li tlic book 

tlescript,ion. 

3.3.3 Participants and Sample Size 

We were inorct iilttwsted in non-t~cchnical users. Tlicb reason was that tlicir untlerst,aiiding 

of coniputer systems was likely to differ froni tec1iuic:al uscrs such as engineers or program- 

mcrs. Teclmical uscrs have more cxpcricnce oil visual language of c:oniniands. It would bc 

l~ar tkr  t,o obscrve how tlioy solvc t,l~e clifficultics. 

Tliere were two university lcvel students in t,liis st,utly, onc froni t d l  gender. Ncit,licr 

part,icipants WiLs a c:oulput,ing sciciiic:e or engincoriiig st,utlent,. Oiie part,icipant is a niusic 

student and t,lie otlicr studies honie econonlics. Tlie avcragc t,iiilt: they spend on coniputers 

was 14 hours per wctck. 111 fact,, they indicatctl all the t,iiiic' t,hcy spent oil cor~iputcrs was 

wcb browsing. Bot,li participmts currcntly used hficrosoft Wiiidows befor(! 2000 version, 

Intcrnct Explorer browscr ant1 Google scarcli cngine. Only on(? participaut,~ currcntly uscd 

Microsoft Word! the otl~er uscd it a lot before. One participar~t,~ uscd t,o browse Aiiiazon 

wcbsit,e, tlic ot.hor lii~rtlly use it. Part,icipaiit.s hardly or nevcr used ally otlier applic~atio~is or 

web sites wt: listed. Thc niost frequently performed act,ivity oil thc wc:b sites was e-nlailing, 

at krast owe every (lay. The othcr activities they pcrforined on t,lic? wcb sitcs were rcading 

news, articlcs or magazines and txowsing online. These activit,irs wcw t:ither at least o i ~ c  

every iiioiit.1~ or every wcwk. Partic:ipiznts used web scardl c~iginc at, l~ci~st, oiic:c (:very week 

and libri~ry catalog syst,t:iii a t  lcast once every nlontli. 

3.3.4 Schedule and Setting 

T l ~ c  duration of t,liis st,udy was oiie hour. Pwrt,ic:ipants were sclicduletl bascd on t,hcir 

prefert:iict:s. Tha study was held at thc locations of part,icipants' clioices. 

3.3.5 Software and Hardware Systems 

Tlic st,udy used participuiit,~' pcrsonal c:onlput,ers. All coiiiputers had Intcriict c:onnec:- 

t,io~is. Thc opcrat,ing systenis werc Microsoft. Wintlows. All p~rticipauts used Intcrnct 

Explorer to conq,lt:t,e t,his study. 
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Mdkir~g Hockey His- I Making Hockey His- I Making Hoctkey HI>- 
t,ory 
1551682680 
Tips for Good Living 
with Arthrit,is 
0912423277 
Catch Mo It' You Carl 
0767905385 
Bust,ed! 
0740726757 

Table 3.1: Observation Rcsult 
NB. Incorrect selections ~ u e  in italics. 

I I 

3.3.6 Results and Discussion 

tory 
15516821iHO 
Tips for Good Living 
with Art,hritis 
0912423277 
Catch Mc If You Carl 
076790538.5 
Bustcd! 
0740726757 

Even thollgl~ we did uot specify a tluratiou should be tlonc,, participallts automat,ic,ally 

did t,heir best to finish 11p as soon as possible. Howcver, tllc allswt'rs were not all corrcct. 

Table 3.1 shows bot,l~ t . 1 ~  correct answcrs a l ~ d  the answers from pi~rt,icipant,s. We saw that. 

first book, fifth book and o11t' of t . 1 ~  sixth book west: not the samt:. T l ~ e  first book has lllauy 

different editions. This was t.he reason we asked part,icipants to  writ,c tall(: book ISBN. Both 

participants fourltl t,he c,orrect book t i tk  but different edition. Onc possible rt:ason was that, 

they (lid not r lmk  the book pilblicat,ion date to confirm. Anotllcr reason could bc t , l~at t,llcy 

silnply forgot the hstruct,ion wc gavc - f i d  the latest vt:rsion of the book. Ch~e participant, 

got the wrong book t,o tllrt fifth title. This migl~t be because the book is about LLZitsl' but 

the act,ual book title did not contain "Zits". Hcnce it was easy to lniss. 011e  participant.^ 

found the sixt,l~ hook but a difftxent cdit,ion again. Thc wc41 site for t l~is  book is selling 

rnostJy used books. So it was possible that the book we requested was sold a d  no longer 

available. Tlw web site has t h  book tlescription for all books with that titlc, regardless its 

version. Hencc t,he participant picked any o w  that listed. Thc otllcr part,ic.ipimt had a hart1 

time f iding t,hc last book a u l  finally gave up due to  time for her anot,lwr appoiutlml~t. We 

did uot pay dose atatelltion to the correctness of t,he prices. This is 1m:ause prices c:llange 

tory 
1551682GHO 
Tips for Good Living 
wit,h Arthritis 
0912423277 
Cat,ch Mc If You Carl 
0767905385 
T h  Hunwngons Zits 
0740700138 
Giw up, can't find it Qut)st: A Guiclc for 

Creating Your Own N/A 
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from timc t,o time. 

During t,hr observation, we found that, ,t~,art,icipant,s t,ended t,o gct to  the answers by search 

cngines. All bookst,ores in this study provide a search engine, wllic:l~ usually located at  the 

top of t,lle page. 111 the proccss of filltlillg each book, t,hree quart,t:r of t,he t , i~nc part,ic.ipant,s 

st,i~t,tt(l with the search engine. This was uncxpec:t.ed. We hoped by giving users c~t~egory 

ant1 book descript,iou that t,hey would find books by ctxtai~i pat,h. Ant1 hence the obscrvat,io~i 

would provide us how uscrs find where to  click. However, part,ic:ipa~lt,s ignored t,llc: cat,egories 

ant1 start,etl with ~(:i~r(:ll by keyword or aut,liors. In the case of first book, bot,h participmts 

knew t,hc book title from book desc:ript,ion. H(twe t,licy chose t,o use searcll engine. However, 

we were unable to  gather illformation on how part,icipmts rec:oguized what tlo click. 

3.3.7 Limitations and Summary 

U7c f61lnd that, it was hard t,o tlcsign a task whic:h was not t,oo conlplicated and yet, 

co~lq~licat~etl enough for our purpose. For example, book searcll was t,lle right amount of t,lle 

complicat,ion. Howevtv.? t,llcre were rrlany diffkrent pat,hs i~lvolvctl. We cxpectcd pi~rt,ic:ipa~lts 

to follow one specific path but they chose different piklls to  reach t , l~e goal. Our path was 

fi~ltling books by following book categories. In t,llis study> tllc path participaut,~ dlowt was 

to use search engi~lns instead. This also showed tllizt cvcry part,icipa~it hat1 different stra.t,egy 

of problem solving. Pa.rtic:ipa~lts brought their past, ctxporiences into problc~n solvi~lg. Note 

tallat, t,llcir probleiu solving did not include using hclp fcat,urc>. During t,llis cxpcrilue~lt,, 

 participant,^ did llave sonic difficulties with si~lq)le search fun~t~ion. However, 110 part,icipa~lt,s 

looked to t,lle hclp feature. 

A~lot,ller problem occ:urrcttl when we tlesigned the t,ask. C o ~ ~ l ~ l l a ~ l d s  coille with nlany 

different form of reprttsent,at,ions. Wlml tlirt users are familiar with tile screen cont,rols, 

t,lley act aut,olmt,ically to  thc: col~t,rols and wc are unable to  t,rack what cues ilidicst,e t,llc 

co~m~ant l s .  Tlic: h s t  sit,uat,iou for u s  to  track cues is when tllc: users are not so fitmiliar 

wit11 the colnnlands. However, tlierc are too many cuts i~lvolved in t,llc applicatio~ls w web 

sites. Even t31~ougll book search involved mostly links, links co~nct 11ia11y diffcrcnt for11is. 

S o ~ m  are uuderli~lctl. Sonle have differelit colour. A I K ~  so~llc conle in  graphic:^. All of tl~ese 

cont,ributcd t,o t,he irldicatio~l of cues. Different web sit,e used diffcwut collhil~at~ions of t,hcsc 

factors as ~ ~ 1 1 .  Evcn wit,llin the web sit,e, it is not co~lsistcnt. Olle web sit,e wc fou~ltl has 

t,wo diffcrttllt ways t,o represent t,he links: u~ldcrlined text ill tllc lllrtnu sectiou and c:o1oured 

t,ext in thc page co~~t,t:nt. Wc could 11ot complet,rly separatc t l lc~u to test w1lic:li o ~ i c  is imrc 

i~iflucnce t h n  t,l~c. ot,llc:r. As t,lle result., we could not find out which visual cues i~~tlicatc thc 
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clickabilit,y a d  t,lleir flnlctio~is. 

In t,his study, we had a s l id1  sample s i x .  This was becanse after rliming two pas- 

ticipants, we realized that the behavionrs of these two participants rc?prestmt, how 11sc:rs in 

gemral would respond to the task of search. Their responses to  tllt: instrl~ct,ion of book 

search were usi~lg search engi~le first,. Therefore, we did not a largc pursuc smlplc s i x  

3.4 Chapter Summary and Discussion 

We learned scvcml things fro111 Survey and Real application observatio~ls. First, we 

were unable t,o track which cues indicate tht? c:o~lnuantls. This is because participants act,ed 

autonlittically to well-known screen co~ltrols. In other words, pa-t,icipants inttx-act with 

the applications based on t,llcir previous expericncc and knowledge of the applications ant1 

websites. However, there is 110 tlircct i~ccctss to tlwir past t,xpc:ric~~cc: and knowledge. Even 

though questionnaires can be used, it ouly sllowcd us the types of experiences participants 

enconnteretl but ~ i o t  how they encolmtered tllcsc cxpesitt~lce. We were unable to  lcaru 

their experie~lc:e and k~mwletlge from t h  observatio~~s of thcir bchaviours cit,her. Secwltl, 

11o mat,t,er llow caref~dly wc construct,ed the tasks so that participa~lt,~ lliicl to perform a 

certain sequence of actionsl part,ic:ipants u s d l y  ad~ieved the: t,i~sk by using ot,ller seq~re~lct: 

of act,io~ls. This shows us that each individual has l~is  or her own strategy of pro1,ltml solving. 

Application usually provide several different ways to  finish tasks. Third, cncll c o ~ i n l m ~ l  is 

nlatle up wit,li two or more c:ues. For ctxanlplc, icons are basically replv:sent,etl by i~l~agcs. 

Sornc icons have labcls, some have mouse over effects to  indicate t , l ~  functio~ls of iwns. This 

makes it hard to know which cue indicates t,he fu~ictiolialit,it:s of s(:rwli controls. Lastly, it is 

not casy t,o find fcaturcs in t , l~e applications that were unfamiliar t,o uscrs. This is bec:a~~sc 

real applications witallin a class today have similar layout and grapllical reprcsent,atio~rs in 

design. 

To iu~provct t,llt? tltsign of fut,urt: st,udies> there are several possibilities. One possibility 

is give part,icipants a specific: instrl~ctio~l uot to use the scarcll engine. This will elinrinatc 

the search e ~ ~ g i ~ i e  path of firdill:, books. Anot,her possibility is to be nlore careful wllcrc the 

books are located. For rxa~llplc, t,lle books are located witahin t l ~ c  first page their catcgory 

list,s i ~ l d  in other pages of seasc+ c~lgirlc sc:sults. The other possibilit,y is to vary wol) sites or 

applicat,ions one visnal cue at time. However, these possible inlprovcmc~lts are limited t?y 

the con~plexit,y of web sit,c:s mtl applications, as well as several f x t m s  wc have no co~ltrol 

of. First,, we llitve 11o cont,rol of wc:b sites. Tlie web sites are cliangi~ig all the t,ilnc. We have 
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no cont,~.ol wlml tllc web sites we nsecl woldd change t,lwir layout or &:sign. St~olltl ,  t,l~crc 

are not nlany online bookstlore wc?b sites. Hence, it is not easy to  keep t . 1 ~  variation of web 

sites as lit,t,le as possible. Third, finding a book that all web sit,cs carrics is also not c ay .  

Most online bookstores carry cit,hcr one, or t,wo catcgoric.~ of books or s l~~it l l  cdlec:t,iolls of all 

categories. Lastly, what we would likc t,o control is visual cucs. Howcwr. t . 1 ~ ~  visual cues 

are fixcd in t,lic applicat,ions or web sit,es. We can not co~~ t ro l  where and how l ~ ~ a l ~ y  cuts 

appear. 

Recall that our goal was t,o find out which visual cucs co~m~unicat,c. to users efftxkively. 

We had tlifficnlt,ies to draw c:ol~t.lusions from wliat wc: learned from real applicat,ions and 

web sitcs. Hencc it lcd 11s t,o find a 11ew 111et1iod that woulcl help us t,o fild out what, visual 

cues indicate the clickabilit,y! wl~ic l~  is discussctl in t l ~ c  ncxt cl~apt,cr. 



Chapter 4 

Studies Of Abstract Screens 

4.1 Motivation and Overview 

In t l ~ b  st,udics reported in previoi~s chapt,ers! wc used rcal applicatious as our sti~inili. 

Wliilo using real applications as stimuli provided ecological validity, we had difficulty drawing 

conclusions f ron~ the rc:sult,ing data. Tlicre wtm a nunllxr of reasons. The first rcason is 

that real applicatims 11:tve strong se~nantic associatio~~s for users. Uscw intcract wit,li the 

applications based on t,lic.ir previom experience and knowlcclgc: about t,lw applications and 

web sites. However: tlieir prcvioils experience ant1 knowledge is not tlircctly acccssible to  us. 

In addition, it, is i~~~poss ib lc  to  accurately infer the prior knowledge fronl their observable 

bellaviours. The secwitl reason is that real applicat,io~~s grovitlc scvcral differeut pat l~s  t,o 

~dl ieve  any given t,ask. Wllcn the participants werc given a tilsk int,erltled to  force t l lcn~ 

t,o nsc unfandiar features, participants conq,let,ed t,lw t,asks by applyilig familiar features 

in novel ways. The tllirtl reiLson is that cues of cach fuuctiorlalit,y arc closely inter-related 

a d  often co~ivergent. For exanlplc, there was no way to separatex t,llc t:ffects of graphical 

language and i n t e ~ ~ t i o ~ ~  sinct: h t11  t,c~ided to suggest the same oiitc:orr~c.. The fourtli rcasoli 

is t,llat rcal applications arr con~patiblc overall ant1 wit,l~ir~ a givcn class of applications. This 

nwms that layouts ant1 graphical rcprcscntations in tlesig.11 arc si~nilar and makes it hard to  

find feat~ires in the applic:atio~is that users are unfanliliar with. 

Tliese limit,atious sllow tllc. current statc of soft,warc a d  web site dcsign. Thc past 

twenty ycars of rcsearcll in 11urrm1-computer interactiou wcw a success. Software? anel wcb 

site tlc:sig~~ers 11ave built successfill strat,egies for tlie i~ i for~ i ia t io~~ design of t,l~eir soft,warc. 

Conventions l ~ v c .  bccn developed so t,l~at, uscrs IlliLy adopt. new applicat,ior~s quicker and 

easier. 011 tlie otl~er hand, thcse li~nit~atiolis also show that rcal applicatious arc not good 
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efft:ct,s. Since t,llcsc abst,nu:t screens are not bascd on m y  exist,iug rcal applic.at,iol~s or c 

conmerce web sites. the illfluem:(? of previous kiiowledge itud cxpcriencc~ is reduced. Anot,her 

linlit,at,ion is tlic cws. No matter how wc tlesigii t , l ~  screens, layo~it is one cue which call 

not be separat,cd fronl rcst, of cucs. Layout is ~ W ~ L Y S  t,llere wllcucvt~ t,he applicatioil uses 

grap1iic:al reprcsc:nt,i-itiolls t,o rcprcscilt the functions of the application. Al~otller probl(~i1 is 

colour. Colollr has diffcrelit meanings for different cultures. For exanlplc? rcd ill Chinesc 

culturc mealls good but, in traffic: systein nieans dangcr. 111 other wortls, using colour alone 

may citusc some confusiou. This is the sanw with inlages. For exalilplc, t,hc mail box icon 

is familiar to pt:oplc in An1eric.a because it appca.rs as a mai1t)ox ill tllcir lit,craturt: ant1 

physical lifc. Howcvc:~, a nlitilbox in Italy looks likc an Anlrric:iiii style tritsli call icon [24]. 

Hence, some cues? sucll as colour ant1 image, nced otlicr cues to  iiclp express their fullction 

bettcr. 

We contluct,etl t,wo al)st,ritc:t screeu studics. The purposc of t,hese st~ltlies is not only t,o 

ulitlcrst,ald t,lle users bnt also to  determine whicll cues play iniport,ant roles ill tllc p~ rccp t im  

of clickability. To analyzc the (latit, we used simple statist,ics. 

4.2 Abstract Screen Study 1 

In this scct,ion, wt: describe tllc dcsign of t,lic first abstract scrcclw st,udy, including t . 1 ~  

st,~ltly and t,itsk design, participiwt,~, ant1 the syst,enls used. Bcforc going into det,a.ils of the 

tlcsign, llere is a g c m d  tlescription of the abstract scrccns: Each abstract scrccn llas two 

parts. Tllc top part cont,ains at least one question. Tlle quest,ioli rc:prcscwt,s what, goal 

t,lle participant wits trying to  accolnplish for the given stimuli. Bottoln part c:ont,ains an 

applicatiou sc:ret:li wc c:reat,t?d. This application screen colltiii~ls screen c:ontrols: sc?vcml 

but,tons, text, or images. Tlw at~st~ract screens were desiglictl usillg as few nulnlm of cues 

at  onc time as possible. This izbst,ract screen study> as well as t . 1 ~  ncxt study, ust:tl a sct of 

t,llesc: abstract sc:rcwi. Figures 4.1, 4.2, and 4.5 are exanlplcs of abstract scrcclls. 

4.2.1 Study Design 

Overall Design 

Since it was difficult t,o draw useful c:ollclusiol~s from t h  results of thc! studic:~ tlescribed ill 

the last c:llitpt,cr, we c:rcat,t:tl abstract sc:rcc:ns to ~ i t p t ~ u r ~  users' untlerst,anding of dickability. 

The main p11rposc of t , l h  st.udy was t,o tcst the US? of ahst,rit(:t s(.rt:ens. In this st,~i(ly, wc 

nianipulatetl graphical language, s~l(:ll as colour, itlid lO(:i~t,ioll of visual m t s .  



Stimuli 
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4.2.2 Study %'ask 

4.2.3 Participants and Sample Size 
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4.5 t,o 60 hours pcr wcek. CE part,ic:ipants spent on average 40 llours per week on a COIII- 

puter whilc Non-CE participants spent only on average 9 hours oil conlput,ers per wcck OII 

a c:o~nput,er '. 
The following is infornlat,ion of participants' cxpericnce on applications and wc4)sit.e~: 

Deskt,op 

Pxtic:ipallts were all familiar with at lcast one version of hlicrosoft Windows. Howtwer, 

five out of clcvc?n part,icipant,s, who wtw id1 CE part,icipant,s, know Mac OS i~11t1 

thrcc part,ic:ipants know ot,her desktop. All CE  participant,^ cxccpt om' answered what, 

other d~skt,ops t h y  k ~ ~ o w .  The most frcquent answt?r was Lillux. Otlicr dcsktops arc 

Unix and FrccBSD. However, one part,icipant hardly use t,his ot,lier desktop ant1 two 

part,ic:ipa~its tiid not tell us how frcque~ltly they used otlicr tlcsktops. 

Since Microsoft Windows is the nlost used opt?rat,i~lg system, we asked how frccll~cmt,ly 

part,icipi~nts used Microsoft a,pplicat,ions Word, Excel, PowcrPoint,. CE par- 

ticipant,s used thcsc applications niore than N~II-CE part,icipant,s. In fact,? No~l-CE 

participa~lts used Word o~ily. A~iiong CE participa~lts, t,lle nlost frcxlucntly i~sed i~p-  

plicat,ion is Word, followed by PowerPoint, then Excel. 

Web Browscrs 

Since i~ll  part,iripa~~t,s arc, fa~lliliar wit,h Microsoft Wi~ldows, it is llot surprising t,o 

scc all of t1ie111 use Internet Explorer.Thc sccond most popular browser is R4ozilliz 

or Netscape. Howcwer, only CE c:o~llputing sc:icncc pi~rticipa~lts ~lsetl it. 011ly a few 

part,icipants used otlicr type of browsers. 

0 Web Sitcs 

All participants usc t,lic~ Google seitrcl~ e~lgi~le  oft,cn.Wc chosc t,hc Anlazon shopping 

wc:b sit,t:s because it is a popular a d  well kllowin slloppi~lg web site. Yahoo ~ m p s  

represe~it~s inforllliit~ion wet) sites. Part,icipant,s did not use wet) sites s i ~ h  as Ar~lazo~l 

or Yahoo maps frequeiit,ly. 

0 Hot Keys (Short,-cut Keys) 

CE part.icipi~~lt,s llatl Illore knowletlgc aiid used more frcquc~it,ly hot. keys t,liizn NOII-CE 

participants. 

' Thc coinplcte ~t~atistics of participants' background can be found in Apperidix G.1.1. 
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4.2.4 Schedule and Setting 

The tl~iratio~i of each study was 20 - 30 ~rii~iutes. Part,icipants wcre scliedult~d based 

011 their prcftmmces. The study were held either at the roo111 ASB 9834 in Si~i io~i  F ixer  

University Burllaby Canipus or at tlic locatio~is of tlic participa~its' c1ioic.e. 

4.2.5 Software and Hardware Systems 

Thc st,11(1y was tlo~ic on a laptop ru~ming Microsoft Windows XP a d  PowerPoint 2000. 

All stimuli wcrc: tlt:sig~it?tl iLs PowerPoint prese~itat~ion slides. 

4.2.6 Results - Ordinal Statistics 

Befo~c goi~ig to  dtwribi~ig our reslilts, let us recall the goal of this study. Wc. wcrc 

looking for a ~rietliod to capturc users' uudersta~iding of ~lickabilit~y. 111 otlier words, how 

do users k~iow w11el.e to click:' What feat,ures of visual for~ils of scree11 coiitrols i~~tlicate 

thc clickability a d  screcn controls' fu~ict,io~ialit,ics? We also i n~cs t i ga t~d  for how coiitcxt 

iufll~ences t.lickthilit,y. All additional purpose of this study wt~s t,o test tlie idea, of abstract 

scretws. 

Tllo hyout. of t,lic blit,t,ons w2ls t,lic iiiost iiiiportaiit factor. We foli~id t,llat (i0% of the 

taillie, participa~its clickctl at t,lic lower right ~ilost button, inlagc or word. However? there 

wcrc it few exceptions. First,, participit~lts prt!ferred a word wlieil it looktd like a possible 

HThlL link. Exa~riplcs arc ill Table 4.1(a). Thr:rc art: fom u~idcrlined words -- "Canccl" 

in St , i~l~ihis  #O, "Closc" in St,i~ilulus # 8 ,  "EXIT" in Stimulus #lo! iuid "OK" ill Stiiriulus 

#4. Tliey all were pli~rcd at tlie top of the screcn and liad rclat,ivr?ly higlier hitt,i~ig rate 

t,han tlic lower riglit iriost location. So~iic labels could also ovtm-id(: the effwt of layout. 111 

the study, we liad sevttral words and irriages as possible func:t,io~is to  'kxit'' the dialog box. 

Of those labels, tlie word "EXIT" got most of tlie atttmtion fro111 partic:ipant,s cvm wlicii 

it was placed in tlic cclitre of t,lic scrccn (Sec Tiible 4.l(b)).  Tliis is bccal~sc. t h  int,ciitioii 

we gavc to  t,lic part,icipants was t,o "exit" the dialog box. Si~nili~rly, an optin-door inmgtt 

got relatively higller attention. Other wortis like "Ca~icel", Y"ose" and "OK", which also 

indicate the f u r ~ c t ~ i o ~ ~  of cxit,i~ig, were not as st,roug i~~flucut:tt as 'bEXIT''. Words likc "Opc~i" 

2 ~ h c  complctc statistics of participants' coinputc:r usage can be fou~ld i11 Appendix G . l . l .  
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Ta1)le 4.1: Hit Rate of Intliviclual Curs in Study 1 
Total number of participants = 11 = Total number of expected hits for each stimulus 
% of actual hits = # of actual hits / # of expected hits 

(a) U11tic:rlirled Words 

St i inul~~s Word Location % of act,ual hit,s 
s o 4  45% 
S 08 Close Top Right 73% 
S 09 Cancel Top Left, 
$10 EXIT Top Left 82% 

(b) Words 

Location 
Top Right (Row 1) 
Row 2, Centre Left 
Row 2. Centre Right 
Row :I. Cer~t,re Left 

(d) Word - OK 

1 I 

Visual Cue 
Opened Door Inlagc 
Red Buttori 
Regular But,ton 
Green Button 

Row 3, Centre Right 1 Bluc Button 

- L 

SO4 I Top Right 1 4  1 1 I Underlincd word 
SO6 I Bottom Left 1 4 1 1 

% actual hits 
64% 
00% 
00% 
OO%, 
09% 

S t i n i u l ~ ~ ~  

$01 

NB. For complete list of individual cues' hit rate, see Table G.3 

Button1 Centre (Row 4) 1 Light Blue, Large1 Button I 27% 

Location 

Bott,oill Rirht. 

# of actual hit,s 
CE [ Norl-CE 
4 I 1 

Notcs 
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and "Save", which dose dialog boxes in the real applications, wcrc not considered a way to 

exit,irig tlir dialog box. 

There is also an exception wllere graphical language outweighs location. Graphical 

representation sudi as an image or a different styled bntt,on l i d  u x e  relative attention wlicli 

it was rtx,ognizcd as a col~unantl. A11 cxainplc is Stin~ulus #30 (Figure 4.3(a)). Table 4.1(c) 

shows tile hitt,ilig rate of all items on the Stinlulus #SO. The opel~ed-door inlage had a far 

higher hitting rate t>llan auy buttoll a d  was seven times as liigli as tllc stroligcst locatiol~, 

t,lw bottom ceutre. 

In additioli to  t,hc.se exceptions, t,llcre was also an intt:rt?stil~g difference between t,lic 

group of CE pi~rticipants and NowCE participants. The wortl "OK" (Table 4.l(d)) seems 

to appeal to  Non-CE partic$x~nt,s less t,llali for CE part,icipmts. Non-CE piilTicipitllts tended 

to choose a butt,on w11ic.h has Illore visual at,t,ention (c.g., diffkrc?nt c:olo~ir: or style). 

4.2.7 Summary 

Thc result indicates that abst,rac.t screens call bc used to  und(?rstand 11ow users clioost~ 

 when^ m d  what t,o click. Howt?ver, we (lid not investigate how contc\xt (gcl~cric vs. Wrb vs. 

dialog) influences t11e il~terprctatiol~ of labcls in t,llis study. 

Tllcrr are soliv: coucerlis over reliability. In tliis study, tlicrc wtm ten participants 

wllo also participated in t l ~ e  pilot study. As an cstiniatc of reliability, we looked up their 

previous responses. Tlie liulriber of response cl~a,ligcs raligcs from 3 t,o 23 (8% to 64%). 

T l ~ e  average ~ i ~ n n l x r  of response c:hal~ges is 9.6 (27%). This gavc us tllc conclusion t , l~at 

users' responses arc clli~llgilig overtilntl. However, since wc did not ask subjects to  fill out 

background q~lestiom~aircs in the pilot study and it was not our intention, we were ullahle 

t.o dct,crlrlil~t! t h  (.awes. It would be interesting to study the causes of changing beliaviours 

in the future t.l~ougli. On thc other halicl, we are now aware that any conclusion wc I I I ~ C  

fro111 t,he data wc: gat,l~crc?tl would have solue variability. 

We l t w ~ l t d  t , l ~ i~ t  1oc:ation seems to be the niost powerful factor in general. Participal~ts 

generally cliose t,lle lower-right nlost item to pcrform tlw (:?tit, finiction. This is partially 

attributed to t l ~ c  context we gave to  our part,icipauts - exiting tlw dialog box. Nonet,heless 

tllcre are some exceptious. Solnetimes? fact,ors such as image, colour, and text overcome 

t l ~ e  power of location. In other words. how participants percvivcd tlltl it,clns would also 

de t en~~ ine  t,lieir bcliaviour. If pat,icipant,s pcweived a wortl as a11 active ful~ct,ioli of cxit, 

tlleu t,llcy would sclect the wortl. Anotl~er question raiscd ill tliis study was whetlm tllc 

context nwtters how would usttrs rcspo~ld if t l ~ e  questioli chi~nges from "exit,ing the tlialog 
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box" to  %old the sclcctcd text'"? 

4.3 Abstract Screen Study 2 

111 this sectiori, wo tlescribe t,he design of t,lie sccond abstract sc:reen study, i~~cluding the 

study and task design, participants, iziitl tlic systeiils used. Notc that the basic stsucturc of 

stimuli is t l ~ c  saliic its t h  first study. 

4.3.1 Study Design 

Overall Design 

Aftcr our first abst,ract s c r c c ~ ~  study, these wtw a few things that ~~eetletl to  bc inlprovcd. 

First, we ~iectled to  tlesign our st.iinuli ill a systeinat,ic way (dtkails ill 4.2.7). Morel prc:cisely, 

how the cxies would be varied from o w  sti~nuli t,o anotlicr. For cxaliiple, only one cue 

is varied a~icl at  a cert,ain locat im Also, we ~icetlctl to  narrow clown tlic 11ur11ber of cues 

involved ill t,iic design. Tliere were too many cues ill the last design. We would like t,o t,t>st 

individual cue. Lastly, wc iieedcd a better definition of dirne~ision or strat,egy. 

Fro111 the last study, we kncw t,iiat location is a st,rong cue. Loc.ittiui1 could be liiorc 

powerful tlian simulated affordance such as protrusio~~ (2; D lmtton). It is dc%tmili~icd by 

the given coiltext and layout. Arid it is the backgrou~ld for all i~~t,erprettit,io~is. The ot,licr 

cxpcctitt ion is that perc:eived functio~lal relat,io~lsliip cletermines tlie i~it,erpretations of 1nlx:ls 

or perceived forcc. 111 other words, perceived force is influenced by co~~toxt .  A~lotller factor 

which also i~iflueiices perceived force is location. Wc defined that st,roilg perceived forcc is 

resistmt t,o locat io~~ witliir~ co~~ tex t  and wcak perceived forcc is susccpt,iblc$ t,o location. 111 

sullilllilry, t,llc variables we inanipulated were two visual cues (labels and protrusion) and 

the action goals (intc~it , io~~s) wit,ll different contexts ant1 layouts. 

Stimuli 

We liarrowed tlowii tlirec different layouts of butt,ons: 3x3, or square, for the general 

context, I? (a layout co~ii~iio~ily 11scd on web sitcs), and J (a layout c:o~~mlonly uscd for 

Microsoft Wiildows dialog boxtes). But,t,ons are 2 11'2 D and gray rectaigular style. To test, 

simulated affordance, or protrl~sio~i, we used a 2D rou~ltled edge recta~igular style but , t ,o~~ 

(see Appendix E). L&ls of the but,t,o~is were "St,ayn , "Boltl" . "Exit!', "Next", "Honlct" , 
"Help" , "Save", sy~nbol "bar" sy~ibols  "+" , "t" , itlid "X" . These labcls were sclected to  
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sliow t,heir associathlis wit,li illtelltioll. Possible illt,clitioiis iiirlude exitiiig tlle dialog box, 

going to t,hc next step and gctti~ig liclp. 

The st,inluli were created based 011 six clifftmut categories: 

All t l ~ r r c  l~~youts  were u s ~ d  in the design. Since the context is geneiic.. we liiodifietl 

thc questions to  rc4lcc? the context. Tlie questions air as follows? 

1. "Wllerr would you click to go to  the nrxt step?", 

2. "Where would you click to co~ilplctc~ tlie currcnt ~p(m~t io~i ' ?" ,  and 

3. "Where would you click to  display help:'" 

Froni the prcvious st,utly, we expected participants would click at tlie lower-riglit, ~iiost 

but,to~i t,o colriplet,e tllc currcnt operation. Thc purposc of t,hc thrcc i~lte~ltions was to 

clmk wlictlier participaiits would clialige tticir rcspolises. The purpose of t,his section 

was t,o get initial respoxises of pi~rticip;~lits in a gtwcral context,. 

There werr a t,ot,i~l of tlirec stiriiuli, one for tach layout. 

Location within thc contcxt 

All tlirer layouts wrrv used ul~tlcr two diffcrcnt contexts. 011c context was web sitt, 

and the other was rlidlog t~ox. In the web conttxt, we asked: 

1. "Whc~c woldd you click to go to the wx t  pdgc'!". 

2. "Wht,le wonld you clit k to  go to  the Horn. page?", and 

:3. "Wherc would you click to  display tlits FAQ'?" 

Siniilarly, in the dialog box cont,ext we askcd: 

1. "Wlicre would yo11 click to  go to  the next step'?", 

2. "Where would yo11 click to  exit t,liis tlialog?", and 

3. "Where would you click to display llclp?" 

Thc purposc of this section was to  conqmre how partkipants sliift t,hcir responses from 

gc~icral contcxt, t.o wcb or dialog context. 

There werr a total of six stimuli, o w  for each layout and cac11 cont,ext. 
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Labcls at non-forccful locations 

All layouts were used in t,hc dc:sign. Tllc qucstion was "Whcm wonld yo11 click to  

con~plete t,he current operation?" Based on tlic: ohservat,ions fro111 our previous st,udy. 

wt. defined any location whic11 is not on tlltt dii~go~li~ls iW 1101l-for(:cful. Each label was 

test,ed at two ra~~tlo~illy-se1cc:tecl 11on-forwful locatio~is in each layout,. To refltlct tllc 

co~it.cxt of layout, sonle labels were not used ill tlie design. All four syn~bols wcw used 

in t,lie design. To reflect t,lw wcb context, "Next", "Help", and "Hone" wtw uscd 

in the layout. "Bold", "St,ay!'! "Save:" and "Exit" were used in tlw sq~~ilrc: a d  .J 

layouts. 

In this sect,ion, wc. would likc to sce liow nlucli label i~iflue~ice  participant,^' rcspolises. 

There wcrc: cight, scvcn, ant1 eight labels ill squarc, r? a d  .J  layout,^ rtspectively. 

There was a t o h l  of 46 st,in~uli, two locatio~~s for cacli li~bcl. 

Labels against locat,io~~ 

All layouts wetre used in tlie desig~i. Thc qucstion was "Whrrc would you click to 

co~nplet,e the c:urrent operation? Eacli labcl was tested at t,l~rt:e forceful locatio~is in 

each layout. Again, to  rcflect t,he co~~t ,ext  of ltiyout, sonic labc'ls wcm not usccl ill the 

tlesign. All four synit>ols were uscd ill tlic dcsig~i. To reflect t,lw web co~it,cxt, "Next?!, 

'LH~xlp'' : a ~ ~ d  'LHo~ile" were used in r layout. "Bold" , "St,ay" "Save" , i~11(1 "Exit," WCLT 

used in square and J lt~youts. 

Again, wc: wol~ld likc to sce how n1uc11 label i~~fluctnces part,icipu~its' responses. Tl~rtrc: 

were eiglit, sevtm, and cigl~t labels in square, r, and J layout,s rc~pcct~ively. Tlie t,ot.al 

11u111txr of stimuli was 69. t,lircc locat,ions for each label. 

Labels within fu~~c:t,io~ial reli~t.io~lsl~ip 

We only usctcl 2x2 sq~lizrc layout in this group. Labels wcrc "Bold", "Italic", "St,ay3', 

and so~ilc non-exit,ing words. The first s t i~i~ulus cw~t,aiued "St,i~y" ~ L I I ~  11011se11se words. 

The next two sti111111i cont,ai~~ed "Bold", "Italic" , and I I O I I S ~ S C  words. These t,hree 

s t i~l~ul i  would sl~ow us whet,lier t,lie beliaviour of ptirt,icipant.s woultl cl~itngc bascd on 

t,he words they unclorst,and. The last t,llrt.e stinmli wcrc bnscd OII the previous t,wo 

st,i~lluli, and we added a contcxt. Tlie quest,iou was still "Wlit~rtt would you click t,o 

co~~lplet,e the curnwt operation?" 

I11 this sctctio~i, we woultl like to know wlietlier kuown a11d non-exiting words played a 

role ill tllc rcspollses. Tllere wtm a total of six st,in~uli. 
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Graphica.1 language (protrusion) ageillst loc:at,io~~ 

All layolits were used in the? dcsigii. Again, tho clucst,io~~ was "Whcrc would you click 

to conlpletc t , l~c curnmt operatiou:)" All buttons were 2D except out? was 2: D. All 

forceful locat,io~is were used in t l ~ c  &sign. 

The purpose of this sc.ctio11 was to  test 11ow p ro t r l~ s io~~  af f t~ tcd  participants' respollscs. 

There wele 25 l oc i~ t i o~ l~  from all layouts. Hence, tllc total was 25 stimuli. 

Not,e t , l~at we did 11ot tlesig~i Iabclls oil all possible locations. Bcxause wc already had 155 

stimuli in total. St,imuli wcrc organizd illto fivc sections (ill the order of prcscnt,atio~~ to 

participants) : 

1. Location in gcnm ic contcxt (3 sti~nuli) 

2. Location against labels or protrlisiox~ (140 stixr~uli) 

3. Location in web cox~text (3 sti~nuli) 

4. Labels within functio~~al relatio~~sl~ip (6 stilnlili) 

5. Location ill dialog box context (3 stinnlli) 

The secontl stlctiou 11il.d too mmy stimuli so wc retluccd to 40 st,i~iiuli first,. We askctl two 

part,icipant,s to go t,llrougl~ t,lle wllole study as a pilot,. Bascd on thest: two set of respollses, wc 

re-selectecl 45 s t i i~~uli  iu t , l~e s e c o ~ ~ d  sect,ion for t,hc sccontl abstract stucly. For 3x3 le.yout,, 

t,l~ert: wcrc. five st,imlli of labcls at non-forceful locat,ions and four stimlli of protrusions. 

For r and J layonts, cac:h contained 15 stinluli of forceful locatio~~s ant1 t,hrcc stinluli of 

prot,rusions. The full sti~uuli are prose~~t~ed in Appendix E. 

4.3.2 Study Task 

There were 70 st,imdi ill five se(:tioiis, iil(.luding t , l~e inst,nictioi~ pages. All part,icipant,s 

were givcm stimuli in t,hc sanlt: order. Unlike the last st,utly: wc did not control for possibk: 

ordering effects bcx:al~se t,herc are n l a q  difftmnt orders of stinnili: t11c order of sect io~~s,  tho 

order of st,imuli within each sect,io~l, or bot l~.  Notat? t,llat tllc st,inluli in t,he sec:o11c1 sec:tiou 

were ra~lclornizcxl ortlcr. Participa~~ts were infornletl t,l~at, thew arc t l l r t ~  layouts but xlot, 

tlleir relations t,o the cont8ext,s. We asked participants to answer qucst,ions in the stiunlli as 

quickly as possible. In other words, they were asked to respond wit,h tlleir instilicts. They 

were also t,oltl that there is no correct answer in those st,ixnuli. Participants report,t:d their 
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responses verbally to the observer. Note that in sections 1, 3> and 5 which had three given 

illttmtions, participallt,s were askcd to rospontl to  all questions. 

4.3.3 Participants and Sample Size 

 participant,^ were all uuiversity or college studtxits, eit,her ill Colnputiug Scicnc:c:/Enginccrri11g 

(CE) or Non-Conqmt,illg S(:ienc:e/Ellgineering (Non-CE). We chose stl~dcuts as our subjcct,~ 

for t,wo reasous. First., it is easy to sdledulr study sessiolls with s t~u~lmts.  Sccontl? wc: would 

like to conlparc. subjccts with silnilar lxickgroulltl. This helps t,o reducc tllr: cliffermces 

brtwctrn individual sul)jcc:t,s. 

Tllcrcr wcrc twt:nt,y two  participant,^, t,cm males and t,welvt, females, elevirn from each 

group.  participant,^ ranged from 18 to 30 years old. The llours of spcndiug on co~nputer 

raugcd fronl 5 t,o 144 pcr wt:ek. CE part,icipants spent 011 averagct 38 hours per week ou 

colnputcrs wllilc Nou-CE pastic:ipant,s spmt on average 32 1lolrr.s 011 c:oq~uters ci~cll week 3 .  

One Non-CE participant sptyt an average of 144 llours pcr wcck ou t,lw c:onq)ut,c!r. Wit,l~out. 

this pcrsou, tllc group ilverage WiLs 20.5 11olrr.s per week. 

Here is a S U I I I I I I ; L ~ ~  of their expcricucc on applicat,ions ant1 websites. 

0 Desktop 

Part,icipaut,s wcrc all fanliliizr with at lcast o w  vt:rsion of Microsoft Willdows. Howt?ver, 

3 out of 22 pi~rticipauts used Mac OS a d  6 participants used ot,her desktops. All CE 

part,icipant,s cxccpt our: listed t,hc ot,llcr tleskt,ops they know. The 111ost frequent answer 

is Limuc. Othcr dcsktops arc Unix and DOS. Howcvc:r, tllrcc piuticipallts rarely used 

other cleskt,ops t,l~ey knew autl two participal~ts did not tell us how frequently they 

usctl o t l m  desktops. 

Wt: asked how frcrcpcl~t,ly  participant,^ used h'licrosoft applic:at,iol~s - -  Word, Excel, and 

PowcrPoint,. CE participants used tllese applications more than Non-CE pmt,icipi~llts 

The ~ o s t  frequtmt,ly nsed applic:at,iol~ is Word! followed by Excel and PowerPoi~~t,. 

Wvb Browsers 

 he complete statistics of participants' backgro~uld can bc found in Appendix G.2.1. 
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Xlozilla or Netscape ill both group.  O d y  tlilrr CE participants used otlicr browhers 

hut o w  r;~rely uses it. 

Tllc. nlnjorit,y of participants used tlic: Google searc:li engine oftori. Wc chose tlie 

A~rla~oli  shopping web sitc because it is a popular alltl wcll kliown slioppirig web site. 

Yr-tho nlitps rcyrosclit,s inforlnntion web sites. Tllr ~niijorit,y of part,icipants die1 not 

usc t,licse two well sites frequently. 

Hot Kcys (Short,-cut Ihys)  

CE part,icipalits knew and 11st:d hot keys liiort: frequcnt,ly t,lla,n Non-CE part,ic:ipalit,s. 

In sunnnary, CE participauts hat1 11101c~ tlxprrience on diffcrcrit applications mtl  web sites 

tliali Non-CE part ic.ipimth4. 

4.3.4 Schedule and Setting 

Tllc tluratioli of this study was 20 30 ~iiinutcs. Pr~rticipants were sclieduled t ~ s c d  on 

tl1t4r pr~f~rcwct~s.  The study was held c>ither ,lt rooni ASB 0834 ill Sir~iol~ Frctser Uliiv~mity 

Burual~y Caliiplls or at locations of tliv participants' choice. 

4.3.5 Software and Hardware Systems 

The study was tlolic: on a laptop running Microsoft Wil~tlows XP ant1 PowctrPoint 2000. 

All stimuli wc:rc dcsigliccl as PowerPoint prt:st:l~tat,ion slides. 

4.3.6 Results 

Siricc we foilntl al)stxact scrccns offers a possibility to  help 11s c:iq)tllrc. ~lsc:rs' ulitlerst,nlitl- 

ing of clickahility, our focus was oli finding a1swt:rs raised froln tlic: earlier st,udies: 

0 What fedturcs of visual form inclicatc clickability? 

Does colitext (gclicric vs. Web vs. dialog) affect ~isttrs' respol~st:~? 

"The complete statistics of paxticipar~ts' c:oi~i~)ut.or~ usage can ht: found in Apperidix G.2.1. 
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Recall that we had tllrw tliffcrcnt layouts in the Study 2: 3x3, I?, ant1 J li~yout. We 

clefined global position nuirlbers for all buttons in all thrctc layouts. Figlire 4.4 shows the 

global position ~lunlbc:rs for e d l  layout. Each layout is rcyrcsentcd i ~ s  a 5x5 grid. If t,lle 

nunher in the grid is black, it represents a button in t,llat, layout, otlllerwise it is gray. For 

cxalllple, ill the 3x3 layout, the but,tolls a.re nulllberod as 1, 3, 5, 11, 13, 15, 21, 23, and 25. 

Similarly, 1 - 4, 6, 11, 16, a d  25, iLrc? button llullbers in t,lle r layout, i n ~ l  5, 10, 15, 20, 

ant1 22 - 25 are buttoll nulnbers ill the J layout. All positiou lllllllb~rs in t h ?  data analyscs 

refer to t,llis global positiou nunher set. 

Position for 3x3 Layout Position for r Layout 

Position for J Layout 

Figure 4.4: Global Positiou Nunll~cr For Eac.11 Layout 111 Study 2 

Also re( all that we had five sections in this study: 
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1. Locatioii ill gcucric coiitcxt ( 3  stiiinili) 

2. Locatioii against 1at)els or protrusioi~ (35  htiiiluli) 

3.  Locatioii ill wCb contcxt ( 3  stiilnili) 

4. Labels witliiii fiiiictioiial rt~latioiisliip (6 stiiliuli) 

5 .  Location in dialog box ~oilt~cxt (3  stiimili) 

Tliere were t h e e  qliestioiis giveii in sect,iol~s 1? 3 and 5 .  For tlw first. sctct.ioll, t,lw r.ont,oxt 

was gcilcric a,iid thc qlicstioiis wc?rc: 

1. Wh(w wolild you click to go to  tlie ncxt stcy'! 

2 Where would you click to c~oiilplctc~ tlic cnrrc.lit o~)c~ratioi~! 

3. W l i c ~ ~ ,  would you click to display lwlp? 

For thc third 5rt tioii, tliv coiitcxt was tliv Wo~ltl Witlc Wcl) aiid tli? qli(~htiom W(W: 

1. Where woliltl yo11 click to go to tlw iicxt p i ~ g ~ ?  

2. Wllcre would you (.lick to go to the Holilc pt~gc.! 

3. Wlwrc would yo11 c1ic.k to display the FAQ? 

For the fifth srctioii. tlir vol~text was a dialog 1)ox i~ilcl tlw qucstiolis wcw: 

1. Whcre wolild you click t,o go to  the next st,cp? 

2. Wllere woultl you click t,o cxit t h s  dialog? 

3. Where would you click t,o display liclp? 

Ordinal Statistics 

Wci first discuss tllc effect of colit,ext,. For cad1 c:ont,cxt! cacli layout and each qucst~ioii, 

tlic) t,otal I.(:S~OI~SW of e t ~ h  posit,ioli was c:alcnlat,cd and tlicn graphed as bubbles on a 5x5 

grid. For c.onlparisoli pnrposes, we cnlnbincd t . 1 ~  t1irc:c: layonts wliic3ll had t,hc siiiii(\ coiit,cxt 

and quest,ioli, producing 9 graphs showed in Figure 3 .5 .  
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Wc first look at tllct intontioi~ of goiiig to next step or page (Figure 4.5(a)). The inost, 

frcqlic~~tly sclectcd position is 25 (availi~ble ill 3x3 a d  .J li~yonts), i ~nd  thci1 4 (only i i~i~i l i~hle  

in r ) .  This sllowctl 11s t,lli~t pruticipal~ts ~xpe( t t?d  the c o i ~ i i ~ ~ a ~ ~ d ' s  lo(:a.tion at, t l ~ ,  1owc:r-right 

of tllc application or wcb site. Tlw ilext nmst expected c11oic:ct wolild be a t  t11c toprigllt. 

Tlie sccorlcl intc~ltio~l is imst expected co~lq)leting t,l~e c u r r c ~ ~ t  opcratious (Figure 4.5(b)). 

Part,icipailts liad to  iiltctrpret this rcqucst ill tcrins of what,cvcr t , h ~  currt'i~t operatioil nligllt 

be. T l ~ e  responses were inore tlivcrsc, but nlost of tllc rcspol1sc.s wero loc.itt,td at t,lw bottonl 

row ill generic and dialog co~lt,ext a d  t,hc top row for wcb context,. The obst:rvc:r of this 

study askcd sonic participants what operation t,llcty hi~cl in nlincl. Sonic wcw t,llinking "OK" 

b i~ t , t ,o~~,  sou~c. wcmS "X" at t,he top-right corner of the iy)pli(.i~t,io~l wi~ldows, and so~llct said 

next st,ep. 

Tllc third int,(mt.ion is f i~d ing  W~ICI-e to get llelp (Figure 4.5(c)). Higher hit 11ul111m-s 

wero 1oc:att:tl at  posit , io~~ 4 or 5. Recall that position 4 in r layol~t is the right 111ost but,ton. 

The top-right corner was the ~llost ~)opular rcy)ollsc: fronl the participa~lts. One c:xccption 

is t11c unifornl rcspo~~scs on tilt: right sidv of tht. .J layout in wc)b co~lt~ext. It secmled t,lli~t 

partic:ipi~~lt,s were ~nlcx?rt,ain wllcre this flnlction would be locatctd in this layout for this (:on- 

text. Perllaps 11t:lp is 11ot a froql~eiltl~ used fullctioll. On tllct ot11c:r 11a11tl. 111ost part,icipa~lt,s 

believed t,hat it should occur so~~lewlwre ilt the right most siclc: of the: scrccll. 

Conq)ari~lg across the rows of Figures 4.5(a) 4.5(c), wc sec that co~ltext tloc:s havc 

an effect on 11st:rs' responses. T11c results of gc~leric cont,txt wrre si~ilili~r to  t,llc dialog 

co~ltext,. Most respollst,s wcrc located at the bottonl row. 1)ut wl~tw t.11~ co~~ tcx t  was web, 

nlost, responses loc~at,cd at the top row. The gt:nc:ric co~ltext, was giwm l~cforc tllc web or 

dialog co~ltc,xt,. This also suggests tlmt participants nligllt llave respo~~clctl to  t,llc imfim~iliar 

layout (3x3 li~~011t) based on t,lleir experie~m: of applicatiolw, not wch sit,os. 

The locatiou wit11 t11c higllcst ~lunlber of hits is at  1oc:ation 25 wit11 16 hits, wllicli is 

about 72% of the total 22 pi~sticipa~lts (.J layout of wt:b c:ont,ext ill Figure 4.5(a)). 111 fact,, 

t l~ere wcw only 15 o i ~ t  of 27 co~ldit,ions which had OIIC locntion wit11 at least 50% hit. Hcrc 

the contlitio~~ refers to  tllct co~ltcxt, layout and int,t?nt,io~~. Froill Figure 4.5(a)> we sect t,liat, 

~ilost but,t,o~l posit.ions had a few rcsponsc:~. Some participa~lts rantlonlly selectcd a butt011 

when tlley c:onld not recall wllcrc these functio~~s wero lociitcd. 

Also note that 15 respollst:s, from six purt,icipa.~lts, had t,wo or tllrt'e funCtions placctcl a t  

t,lw same locat,ion. Tlicrc: wcrc five loc:at,ions wllcrtt h id  t,wo or tllrcc fu~~ct,ions placed: 5 ?  25 

ill 3x3 layout, 4, 21 in r li~yont, and 1, 25 in .T layolit. Eight rcspo~~stts were fronl gct~lcric 

coiit.ext,! t,hrt?e from web (:ontext, and four fro111 dialog cmlt.ext. One pi~rticipant respontlcd 
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t,l~is way in all cont,c>xts i ~ ~ i d  layouts. Sinw we did not 11avtt 1)ost-cl~lestioi~ilaire, it wils 11i1r~l to 

intctrpret thew b(t11aviours. Howcvcr, we may say that t,llt?sc locations wc~c: nlort. favorable. 

Ordinal Statistics - Label 

Section 2 of t,llis study tcstcd liow labels and protrusiou affected ~)art,i(.ipal~t,s' ~CS~OIISCS.  

Each of tllc 45 sthluli ~outail~c:d a single label or p r o t r ~ ~ d i ~ ~ g  t~iitt,ol~ along wit,l~ a sct of 

plain 1)utt.ons. This sect,ion used quc:st,ioli #2 in t,hc gcncxric collttrxt - "Where woilld yeyou 

click to ~olnplet~t: the currwt operat,ion?". If tlio 1at)els or protrusion had st,rong illfluellcc: 

on participmts' responses, t,llcn we should rec:c.ivc liigl~er respol1st:s at locat,io~is whc:rc? t,hc 

labels or protrusion were presented. If thcre was no iinpac't? the responses should be sili~ili~r 

to qucst,ion #2 in thcr gcncrric col~t,ext,. Figure 4.0: shows t,lw rc?sult,s for label versus locat,iol~~. 

The strcngth of locatkms is t,he number of hits on that location on qucstiol~ #2 in generic 

cont,ext. The strtmgt,hs in Figurc 4.6 arc asrangcd froni left t,o right,, wcakest to strongest. 

The strtwgt.11 of t,lw label ill a layout is based on t,he total ~ lunhe r  of l~it,s 011 tallat label 

wit,l~iri t , l~e layoilt. Lab& arc: arranged fro111 to top to botto111, wc:akest t,o st,roligcst,. The. 

area of t,llc circles ii~tlicatc~s t , l~e nullltyoer of hits for t,he 1abt.l at  that 1oc:atioii (i.e. larger 

circlcs indici~tc litrgt!~ I I U L I ~ ~ ) ~ ~  of Ilks). 

Fro111 Figurc 4.6> protrusiol~ ill general was ~llore powerful t,l~an any lalwls. espcc:ii~lly 

wllcn it was loca td  oil the. clii~gollals - -  posit,iol~s 1, 13 iuid 25 - - and positioi~s 5 a d  

21. The la1)el "+" ill l- a d  J layout,s was also n~orc  powerful t , l~au all the words. 111 t,he 

3x3 layout, the protrusion a t  posit,iou 25! t , l~c sccold st,rol~gcst lo cat in^, was t,llrc:c t,imcs 

stronger t l ~ a l ~  label "X" a d  label "Exit," at  position 23, tllc strongest location of all nine 

loc:atio~~s. This may bt: lyoccause wt: conqmted strt:l~gt,h of location nsiiig a different set of 

iutel~t,ious t , l ~ i ~ l ~  for t l~t :  st,rel~gt,l~s of the features. Recall ill St,utly 1 t,lli~t t l ~ c  111ost likely 

locat,ioi~ participants would choose was the lowcr-right inost itcni, or posit,ioll 25. Witall t,wo 

other il~t,el~t,iol~s presel~t,ctl at  same time, participauts c~oultl alt,or t,l~cir idcal sclectiol~s of 

c:oli~plcting t hc currcl~t operat,iol~ t,o ot,llcr locatioi~s. 

Notice that each ~iul lher  of pa~t~icipants who sclccttd "X" at eat% of thc thrcc clifferc?nt 

positioi~s in the r layout were close (Figurc 4.(j(b)). Tl~esc t11n:c: loc:at,iol~s wcw at tllc 

corners of the layout,. 011 t h  other l ~ a ~ ~ d ?  participants preferred "X" at tllr botto111-right 

most locat,ioll in the J layout,. We could not compart: lal~el T" in the 3x3 layout with ot,her 

liiyout,~, bcca~sc:~ wt: tcsttd only olio rion-forceful location in 3x3 layout ant1 t,hrcv forccful 

"or the labcl or protru~sion and its nurtiber of hits in global posit,ioris, sec Figure G.1. 
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locrttioiis ill otlier layouts 

In Figure 4.6(1>), the "--+" label received ~iiore responses fi-om participalits a t  tlie t,op- 

right most location, which was a weakcr positioll. Tllt: "Nvxt" latA hat1 a similar c?ffc?ct. 

"Bold", iiStay", "Help", and L'Holne" did not affect the responses of t,lw  participant,^. This 

ilnplics that thcse labels wcw strongly negativt. to t h ,  iiltci~tioil of "c.ollq)lctil~g tllr currelit 

operatioll" . 

A11 intcrcsting fact is t,llat t,he highest inclivid~lal hitting scow in Figusv 4.fj was 15 ont of 

22 (68%), but t h :  higllttst total llit,t,ing ratc for intlivitl~lal 1t~bcls in cach layout was 4X%~, (scc 

Table 4.2). In ot,hcv words, no nlorc than 50% of' participai~t~s we)lilcl bc swaycd by tlic label 

or protmsion. Also, t,llc powctr of most labels or protrusion was still i11fluenc:ed by loc:at,ion. 

One example is "Exit'! ill the J layont (Figure 4.(i(c)). Position 22 wits tlic wedkcst, location 

amollg thc thrct. locations where "Exit" prcsentctl, a d  it rec.eivcc1 the lowest hitting rr~t(' of 

t,hc t,llrcc. Posit,iou 25, howevcr, was the strollgcst locatioll a i d  roceivcd tlir highest liit,t,ing 

rate of t,lx three. 

Table 4.2: Higllcst 96 of Hits ill Each Layont, St~itly 2 
For complete label count, see Table G.6. 

Table. 4.3 givcts us aiiot,lm way t,o look itt the tlat,a. Tllc hit rate was collcctcd h s c d  011 

positions. Hcnc:~, t,l~cw wcrc a total of 25 c?nt,ric\s - -  !)? 8 and 8 locations for the 3x3> r, ant1 

J layouts rc?spcct,ivc?ly. About a qua.rter of the tiiiie, partkipallts selectee1 a posit,iou wllcrc 

t h r c  was 110 labd or protrnsion preselited at that positiou. 15 out 25 clltrics had a lligllttr 

nurrhcr of act,~itil hits t h l i  tlic ctxpttctcd imihcr  (Tablc 4.3(a)). 111 fact,, 9 mtrics hat1 no 

label or prot,rusioii presented ill iLliY stiniulus a d  yet rcccivctd at most 37 hits for illtlivid~lal 

st,inlulus ( T h l c  4.3(1>)). In t,otal (see Table 4.3(k)))j t1it:st: wc?rcl.c 251 out of 990 hits, about 

25% (quarter of the t im?).  In fact,, during the st,nrly, we ~ io t , i cd  that, 11lmy part,icipmts 

I~UL&: a diflkrcmt sclcct,ion when tllcre was a label or protrusion presented a t  tllcir usual 

choices. This suggests that labcls and prot,rusion did not llavt: very st,rong influcncc?. 

Table 4.3((:) shows the posit,iolls with t , l ~  lligllcst hit rate for t w h  layout,. Note that, 

a loc:at,ion strength in a layout is t,he ~l~llnber of hit,s ou t,llat locat,ion ill that layout. Ant1 

the ralik of a 1ocat)ion st,rc~igtli (last colmim of Table 4 4 ~ ) )  is how strong t,liat loc.at,ion 

'%, of 
hits 
48%, 
395% 

Layout 

3x3 
!.- 

Label 

Protmsion 
-+ 

# of st,inir~li 

4 
3 

# of t:xpcc:ted 
respo~lses 

88 
66 

Tot~ l  ~iu~ribcr 
o f  responses 

42 
26 
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Table 4.3: Hit Rate in Study 2 
O u r  expectat ion:  If a label o r  protrusion is a s t r o n g  visual cue, t h e n  part icipants  would 
select t h a t  label o r  protrusion a t  a n y  location. 
Total number of participants = 22 = Total number of expected hits for each stimulus 
A: Total number of expected hits for each position(= 22 x C) 
B: Total number of (artual) hits for earh position 
Total hits = Sum of A for all positions = Sum of B for all position 
C: Number of labels/protrusion at the position (= Number of stimuli containing labels/protrusion) 
D: label/protrusion presented 
'7u of actual hits = Total number of actual hits / Total number of expected hits 
'7u of hits = Total number of hits / Total number of artual hits 
E: Number of hits WITHOUT D / Number of hits WITH D 

(a) A vs. B 

( 1 ) )  Positions Without D 

I Layout I Number of I Lowest Ac- I Highest A<.- I Tot.al Hits ] 
I positions I t ~ l d  Hits I t,ud Hits 

3x3 I 2 1 1 (I%#) I 117 (19%) 1 38 (19%) 

Layout Nu111bcr of posi- 
tio11s where A > B 

Total r~umber 
of Positio~~s 

(c) Highest Number of Hits i11 Each Layout, 

I Total I 9 

Nulubcr of posi- 
tions where A < B 

48 (5%) 1 122 (12%) 1 251 (25%) I 

(d) Total Hits 

Nu~nbcr of posit,ions 
WITHOUT any D 

Lavout 

3x3 
r 
J 

Total 

NB. For complete list of individual c u e '  hit rate, see Table G.7 

Postion 

25 
4 

25 

54 

Layout 
3x3 
r 
.J 

Tot,al 

Tot,al Hits 
198 
:3!K 
996 

990 

Totill hits WITH D 
058 (29%) 
091 (23%) 
106 (27%) 

255 (26%) 

C 

1 
5 
C 

12 

B 

77 
124 
165 

346 

A 

22 
110 
132 

264 

Total hits WlTHOUT D 
140 (71%) 
305 (77%) 
290 (73%)) 

735 (74Yk) 

Highest E 
4 (Position 25) 
3 (Position 04) 
1 (Position 25) 

N/A 

% of actual hits 

J5IJX 
1 1:m 
120% 

131% 

Rank of S t~( ,ng t t~  
on Stilrlulr~s 

2 
-1 
1 

N /A 
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is wit,hin that ltiyout,. I11 the Table 4.3(c), the lligllcst 11lilll1)~ of iict,~id l~ i t~ s  in 3x:l itlld J 

layout,s oc:currctl 011 soi-ne of the st,rongcst positions. However, the. 11ighcst nuidm* of actual 

hits in r layout (position 4) was n wcakcr location. Thte st,roi~gcst location for r layout 

(position 21) 11ad tllc sccoud l~ighctst 11unl1)er of hit. Posit,ion 4 was loci~tetl a t  t,l1e right sidc 

of t,lict layout and position 21 wits 10cat~etl a t  t,lw left side of thc lilyout. This sl~owccl that, 

partic'ipauts ruigllt prcfnr right than lrtft,. 

Also, tllc rnt,ios of individuals wit,l~out lal)el/protrusio~~ hit,s o v c ~  i~ldivitluiil witall 1a- 

t)el/prot,rusio~~ hits wcrc varied (Tablc i.H(d)). Some ratio wcrc as high as four to om.  

This sl~owetl ~ ~ o t  oilly how ~~ luc l i  i ~~ f lwncc  lnl)(?ls imd protrusioi~ p r e s ~ ~ i t , ~ d  but also t,lle   no st, 

preferred positions, ~ ~ u i ~ i l ) c ~ r  25 a ~ i d  4. 

4.3.7 Limitation and Summary 

Limitat ions 

So~~ir .  prob1c~i1.s ot:c~lrrcd during t,llc study. The first was tllc ailil)iguit,y of t,lic cptstion 

wo askcd -- "Where would you click to  complete t,llc current operat.iol~?" Part,icipaiit,s 

had t,o makc tllcir own itssunq)t,ious of what "conlpk:tiug the currcnt op(tratioll" 111ea11t.. 

Tllc o1)sc:rvrr askcd a few participants wliat t,lwir assu~nptions were. Some part,icipa~lt,s 

co~isidercd co~~iplctt,i~~g t,lie current operation as ter~~ii~iat, ing t,hc currc~lit program taliat was 

ruinii~ig, stme t:orlsitlcrcd as going to the next step, a i d  solla! trctat,c!d as asking w11c:rc: t,l~t: 

"OK" 1)ut,to11 was locnt,ctl. Hence in m y  fut,uro st,udy, the qucstioil has t,o l)e less anibiguous. 

The sec:ontl problcrri was in t,lic? fu~ictional relatio~~sllip scct,io~i. We prcwntccl a l i~~rt  

of t,c:xt iicxt t,o all the lahelletl t)ut,t,ons. O I I ~  wore1 ill t,llc tcxt was liighligl~t,ctl. Howctvcx-, 

t,liis context was not obvious t,o inost participants 011c possil~la rcasoli IliiLy 11ave 1jeei1 

the tcxt it,self. Tlic line rcad "Hello, dear part,icipantn. To lilost of thn part,icipa~lt,s, t,llis 

lnigllt 1x-f just ii grcot i~g rather t,han t,liext to 1.w etlit,ctd. Anot,ller rtwon was t,l~at the tcxt 

wiis surromldetl by a. box. Souie users t,l~ouglit it was soinething c1ic:kd)le. To corrcct this 

problem, oiic possible solut,iol~ is to  give 1011ger t,ext and rcmove the box. 

The t,llird problei~i was in t,lit. 1a.t)ellcd butt,ons sc?c.tio~l. Duc to t,lie li~gcl a ~ i i o u ~ ~ t  of 

possible stimuli, wc lid to cut. so~lic: stimuli out,. Tliercforc, wc only t,estctl ~io~l-forcctful 

locat,ions in tllc square layout and forceful locat,ioi~s in hot11 r al~tl  .J layouts. Howcvc:r, t,lle 

n u ~ ~ h t x  of stimuli test.rt1 in ( d l  layout was n~iovc:~~. Wc o d y  liatl fivc: st,i~lluli in non-forceful 

locat,ions wliile 15 stimuli in the o t k r  t,wo  layout,^. It was intcresti~ig t l ~ t  some of 11011- 

forcefnl loc:at,ions t,um out to  be powerful cues in t,llc: sect,ior~s of tc:st,ing locatiorl in 1a.yout 
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and context. As a result, wct wctrct unable t,o fiilly conipar<l tli<l &a wit,liili c,acli layout. 

Aliot,lic:r prob1t:m was the choices of labels. We used t,llc sylnbols "+" and "X" in all 

layouts, tlic words "Stay", "Bold", "Exit,?' in sqilare t~iitl J lt~yout,s, and t,lie wortls "Help", 

"Next,". "Horrit~" in r layout,. The wortls "Hclp", 'Next,", a i d  "Holiic" tlo not corrcspolld t,o 

the words "St,ay" ? "Bold", and "Exit,". Also, tlic wolds "Stay" ant1 "Bold" liavc tlic saliie 

degrw. of effects withill the c:ont,c?xt ant1 illtent,ion wliich was uncxpecttd. 

One ininor probkm was that, we had about 45 stimili in t,lle secolid ~cct~ioii. It scc11iecl 

too long, and part,ic:ipants got a lit,t,le inipat,iclit ant1 fdt  dread toward tlic end of t,liis srctioli. 

Aliotlier rllillor problelii is t,li?at wc colilpartxl bctwc:cw difftmwt types of visi~ill ciiw. In 

this st,udy, wc used to  coinpare protrusioli i~lld lal)els, wlli(:ll may not bc t,lw brst clioices. 

Labels put liieanillgs into but,t,oils wlicrcas protrusiou is a property o f  bntt,ons. Hcim:, 

protrusion rimy be bettcr co i i ipm~l  with otlier visuial cxcs, sllcli a.5 colourt~l of buttolls, 

which are also propc.rtic.s of biittons. 

Summary 

R.ecal1 t,lir:rv were sewral qnestiolis we tried to  answer: 

0 Dotis context affect users' respo~ises:) 

111 gellttral, prot,rusion scc:nis to  work M t e r  t,lla~i la \ )~ls .  Lia\)(:ls wliich rclated to  t,lic 

ilitcntions were also powerful. Howcvcr, lcss t,lian 50% of part,icipants chosc tlir: la1)c:l or 

prot,rusion. An int,ercsting fact to rernenhrr is that sonlt:  participant,^ actually avoid litbels 

or prot,rusions. Location is still a powerful fact,or wl~ich is wc cxpect,etl. We also comludcd 

t,l~at, context. did aflects usctrs' rcspo~~ses. Palticipants' reponses c:lra~igcd from t l ~ l  \)ottoni 

to t,lic top of t,he screen wheii t,he colitext changed froni generic or dialog col~tt:xt to web 

context. Layout had little cffwt on users' responses. We did not scc drarrlatic tliff(?rc~iccs 

between layout,s. Last,ly, wc previously cxplai~ml our failure of tc:sting flilictional rclationsllip 

and how t,o ilq)rove t,llat iu fi~t,urc studies. 

Thcrc are two t,llillgs t,l~at I I ~ W ~  to  bc t,aken into account in filtilrcx st,i~dic:s. First, we gave 

part.icipants t h e e  basic hyol~t,s with t h e e  gnieric intentions at tllc l)cgi~iuing of this st~~cly. 

This hclpcttl us u~~tlcrs tar~d how part,icipalits behave without any other factors. Howcver, 
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4.4 Chapter Summary 

I11 this chapt,cr, we examined tlic possibility of using a1)strac:t scrccii to  capture users' 

uiiderstandiiig of clickiibility.Tl~c rcsult shows that abstract screen lias pot,ciitial ill unclcr- 

st,anding ~iscrs' iiotion of clickiibility. 

First, recall t,liat we tricc1 to  aiiswer t,lie followi~ig cp~est~ioiis: 

0 What features of visual f o rm indicatc clic~kiibility:) 

0 Does t ontext atfect users' rcsponscs'? 

0 How do vi~riat,ions iii layout affect users' respoiiscs? 

0 Do fiiiict,ioiial rclatioriships influelice the interpret,a.tio~i of lill)t~ls? 

Htw art: our fiiitliiigs: 

0 Locatioii is a very strong cue, soinetiines c.vcn inore powc?rf~il thaii ally sinmlatcd 

affordaricc, such as prot,rusio~i. 

0 Protrlisioii is powerful wl~tw loc,xtcd at thc iowc~r or right side of thc stiiiilili. It is iuorc 

powerful tlian labels. 

0 Labels inigllt overpower 1oc.ations wlwn t1ic.y iuc, rclatcd to tlie uers' iritciitions. 

0 Layout has little effect or1 ~iscrs' rcsponscs. 

0 Tlicw arc. always wvcral rulcs applicd oil ( ~ ~ 1 1  stirlnrli 

0 Uscrs do change over tillit>. 
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In tllesc st,udies> we failed to  test functiorlal rclatiollsllips wllich wc plau to  t,est in futurc 

st,ndies. There arc sonlc improvements for t,hc design. First,, ollc stx:t,iol~ in stx:oncl st,lldy 

had 45 stirrluli. It was t.oo long for participants. One possible improvelrlent is using fcwttr 

stimuli or divide t,he stilmli into snlaller s~ct,iol~s. Se(:o11(1, we did not t& tllc exact same 

locations ou all labctls ant1 protrusion. Helm we wctrc ullablc t,o c o n q ~ r t '  locatio11s ac:ross 

all 1ayout)s. I11 future studies, wc havc to be lrlore vi~r(:ful s t hk ing  stinldi from a large set, 

of st,inmli. Tllirtl, we (lid not havc tlic 5x5 grid whilc dcsigniug stimuli. Hcncc tllc global 

positions of cach layont did not necessarily rc!presctnt t-llc actual posit,iou on tllc scrccll. We 

will keep a global pwttcru ill mind when desiglling futurc studies. Lastly, t,lw intent,iou ill t,llc: 

first st,ucly, "exit tllc dialog box"? had a very strong influence to t,llct part,icipants responses. 

I11 contrast, t,he intention in the second study, "c:onlplet,e the currcllt opttrat,ioll", turr~cxl out 

t,o be too alnbiguous. 111 futlirt studies, wc wonltl like intontioils llavct sorllc effects but not 

as in the first stlldy and yet, not anlbiguous to  part,icipant,s. 

In sunnuary, abstract screens do give us all opportunity to underst,and how users' know 

where to  click. Wc llave mllfidencc in cst,ablishing our goal of mltlcrst,amling uscrs' pctrcep- 

tion of clicbbility with inlprovcments to  our abstract screen st,utlies. 
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Conclusion 

Our god  is t,o i~nprove thc screcu desigu so t,llat users 11i~vc lcss c1iffic:ldt.y dctc~rniining 

where t,o (.lick. We: st,udicxl the t,heory of dforc1anc.c:. It offers us the? itlci-1, of crt:at,i~~g scrccn 

controls i11t1cpcndt:nt of t l ~ c  contcAxt,. 111 orclcr t,o apply affort1anc:c: t,o t,l~c scretm tlosigr~, we 

wet1 w t l ~ m r y  of afforda~m? for "clickabilit,y". This t11t:ory not only i~~clut l t~s  t l ~ c  tl~cory of 

affoortla~icc, but also t,akes ally factors wl1ic11 are closely rc?latc:tl t,o tllt. clcsign i r~t~o accour~t. 

H~:IICC, wc also st,utlied t,l~eoric:s rclated t,o visual p~r(:opt,iol~s. 

Ovcr t l ~ c  years, co~lve~~t,iou of C O I I I ~ U ~ ~ Y  screen design havc 1)ccw ctst,ablisl~cd. 111st.catl of 

c:roat,ir~g a new design of visual cues for s(.reen desigl~? it is CRS~VL. t,o adapt it fro111 (:urreut 

co~~vcntion. Some visual cucx ill current design 1na.y 1~ illorc t+fktlive t,11n11 o t l~ tm.  Hell(,(: 

it is inqort,ant to  know usc:rs' ~ i n d r r s t a ~ ~ d i l ~ g  of clickabilit,y. We first l~cld a survey m d  a11 

observatio~ial study. Howevc.~, wc wtw ul~at.~,lc to  draw any det,ailtd conclusio~w from thcsc 

st,utlies. Wc thought we could g i ~ t l ~ ~ ~  i i ~ f o r ~ ~ ~ a t i o ~ ~  atml~t users' I I I I & ~ S ~ , ~ ~ I I ~ ~ I I ~  of c:lickability 

by obscrvi~~g tliem int,erim:t with comput,cr ~ y s t , ~ ~ ~ l s .  However, it was tlifficnlt t,o know by 

obst:rvat,iou wl~ich visual cues indicatc c:lickability. This is bccausc it is liarcl to  scpariltc the 

cffects of visual c:ucts tluc. t,o t l ~ c  fact that  son^ clicka1de it,err~s arc: maclc of more t11a11 onc 

visual cues. Also, t,l~ere arc usually lnally different pat,lls, sequenc:crs of actions, t,o perforli~ 

t,l~e sa,rne task. A d  we! had a difficult t,inlt? to  cont,rolliug the pat,l~ t , l~at users followed. 

Since users r w p o ~ d  to the fan~iliar screw1 co~~t,rols quickly, t11c ~bservat~ioilal st,utly did not 

offew ally i ~ ~ f o r ~ ~ l a t i o ~ ~  of how they kmw w l ~ t w  t,o click. Furthen~~orc,  it was I~artl t,o fillel 

any scrcen co~~t~rols  wl~ic l~  were unfamiliar to  users. Wc ncetleel better st,inrnli t.o st,udy 

afforc1auc.w of clickit'i)ilit,y. Hc~icc we clevc?lopctl sin~plc ah t rac t  screens. 

Using sinlple abstract, scrtms avoided tho probkm of multiplc paths. We call c:outrol the 

r1u1111x>r of cues irivolved in the studics a d  test individual cues with as lit,t,le inter-rc:latio~~ 
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iLS possible. H ( ~ ( . c  WCI llcld t,wo studies using alxtract stiiiiuli. Tl~ere were s tvc~al  kvy 

filldings about pcrc:cyt,io~~ of clickability. First, locatioil is a very powcxful c:ilc:? especially 

at tlie lower right corller of tlic abstract screen. Sorilc:tiiiies it is iiiore powerfd tallail any 

siiilulat,ed affordaucc. such as protrusioii or lal~els. Secolid, protrusion is nmrc powcrful 

when it is 1oc:atctl i ~ t  t,lw low(?r or riglit side of tlie layout. It is also 111orc powc~ful t,liali 

any label. Tl~ird,  Iabc~ls overpower loc.atiol~s wlle~i t11t.y are rloscly rc.li~ttt1 to  tlic irit,cl~tion. 

Howovt:r, Ia1)els l~itve little effect on users' respollses w11c11 t , l~ty arc, not d i r c d y  re1att:d to  

tlw iuttmt,ion. Lastly, users' resporiscs arc dirt!ct,c?tl by tllc int,cntio~~s a d  colit,t:xts. Uscw 

hme lcixncd wlicrc thc different types of scwcm co~~trols  art: locatcd ou tllc scrcoli and liow 

they appear 011 tlic scrccl~. For cxalnple, all W ~ I I ( ~ C I W S  llij~(' i L  (.~osc\ ( . O I I I I I I ~ I I ~  011 t l i ~  top riglit 

corner of windows. It is ill tlic form of a but,t,on with li~bel "X". Ht111c.t:. users liavt: sonic 

cxpectat,ions of wllcrc and how scrt:eli (.ontroIs slloidd ilI)l)(\iLr, lji~~('(1 011 giv~w i~~t.cnt,iol~s itlid 

conte~t~s.  

Our studies show that bot,li Gibso~l's and Noriiia~i's t,llcorics of affordaiico arc inq)ort,al~t,. 

Gibson's t,heory offers us t,he iclca of creating s c ~ c c l ~  cont,rols indtpcntlent of t,he context,. 

Screen co~it,rols like 2; D butt,ons, which 11ave propc~rties t , l~at look like pc? r fo r~~~  p1iysic:ally. 

art: indepelident of tlie context,. Norlrian's t,lieory points ont t,lic: iniportalice of ~)erc:eivetl 

affordance. It is import,ant wliet,lit:r users art? able t,o pcrccivct thcrii as cont.rols of t,lie 

cm~nnantls. For cxalriplc, l )u t t ,o~~s  wit,l~ "St,ayn are gelierally not pc:rccivc:tl as colitrols of 

"exiting dialog box". Tllcwfore, l)ot,l~ tlwories of affort1alic.e are iliiportalit t,o dcsigli screcl~ 

affordalicc 

It is too early for us t,o provitlv ally clcsigu guidelines. Howcvc~, bascd 011 cwrrtmt resultas, 

here arc a fcw suggest,ioils: 

Place functiolis 1c1;ttrd to "txit a. (lidlog box" or "corriplctt~ thc currcl~t optw~tion" at 

lower right col ncl. 

For bcst d e c t ,  labels must 11~tcl1 tlie exact languc~gcl in whit 11 uscrs dcsc.ril)e t 11e1r 

intent ion. 

Future Directions 

For futurc studics, hcn: art: some i~~iprovclrients t,o tlic currcnt design of abst,rac.t st,imuli 

and st,nclies: 
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0 Bt, careful with t,he iilt,e~~t,ion. In thc first abst,rac.t study, we asked part,icipa~~ts t,o 

'txit the dialog box", a i d  our qucst:ion stroilgly i11fluenr:etl t,o the users' respoiwes. I11 
t,llc: srwmcl a1)~t~rac.t study. tlic qucst.io~~ "c:o~l~plctct the currei~t optntion" was t,oo am- 

bigous. 111 a11 fut,urt: st,udies, tllc intent,ion shonld hitvc some i~lflliencc t,o partkipants' 

rcsponscs h i t  not as stroilg in the first study ant1 yet not, anhiguous to t,hcn~. 

0 Wat,cl~ out for ordcr t+ht,s. Recall that we? hat1 five swt,ions in t,llc scc:orltl abstract 

st ,~~tly. The first sr.c:t,io~~ had tllree int,entions. It rnigl~t ht~vc: ir~flutmwl  or^ how users 

int,erpret,ctl t,llt: sccor~d sect,ion, w11ic:ll a l ly  11d onc intcntion. Users 11Lig11t II~LV(' rc- 

sporltlrd with the two other intentions ill 11lint1. Wc would like to avoid this in tlle 

fut urc. 

0 Bett,t?r st,utly design. 111 the secoml section of tllc sccontl abstract study, wt: l~at l  fivc 

st,iir~uli t.o test unforceful locations in 3x3 layout and 15 st,i~nuli t,o t,c:st forceful 1oc.ations 

in cach r ancl J layout. As a rcsult, t,cst,ctl locations were  lot ill all tllrec layouts and 

we were unablt: to ttualyzc t,lw data across different layouts. 

0 Cl~oosc~ tllt. right amou~it of stimdi. Wv l~at l  45 stimuli 111 0 1 1 ~  s cc t i o~~  of tllc s~cond  

abstract study. Tllk 5t.c tiou wds too long dntl users got iirlpatin~t at tllc c~itl. Wt, 

should eit11c.r bleak tllcm into snlaller s e ( t i o ~ ~ s  or test fcwcr stin~uli at one t in~e.  

Re-design t l ~ c  fi~nc:timal relat io~~sl~ip tost. Wt' ditl not successfully test fii~i(:tional 

relatiul~ship in t,he sc?cond abst,ract st,~itly. We 11id only one line of text, pmtially 

11ig-l~ligl~tetl. Users migl~t not l~avt? per(.eiv~:d this way. OIIC possible i~rq)rovt:~~it:nt is 

to  crcatc it tlocu~r~ent sett,ing - marc tcxt on tllc screen, ttml ftlw l~igl~ligl~tetl words. 

0 Vary layouts based OII all overall patteru. We ditl 11ot. 11avc~ the overall pat,tcm1 (the 

5x5 grid) wllcn wc desig~icd t,llc. sti~nuli. Hencc tile global positions ditl not correspo~~tl 

very well to the act,ual positions on tllc scrccn. Wt: will have a global pa t t e~x  w11e11 

we tlesig~~ ucw abstract scrrens ill t,lw future. 

0 Conq)axc labels in different languages. 111 our d r s i p ,  labels only occ:nretl itt oilt: 

locatio~~. It would bc interesting to see users' rc?spollscs to all litbelled butto~ls in all 

unfmLiliar / ~ r ~ a d t . - u p  la~~gnage. 

111 addition, we would like to use the Rasch nlodel t,o aiialyzc our data. Rasc:l~ imtlel 

co~~st,ruc:ts ttn ii~tcrvi~l  ill(' for t , l~e data, wl~ic l~  not only shows t l ~ c  ranking of iteins, as 
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but also the relative: differellc:cs bctwetm itcms. It allows us t,o list lllorc tigllt,ly controllctl 

stat,ist,ics. 

Also, ill futurc studics, wc may ask users where a particular button is 1oc:atctd to tcst how 

intention affects lqouts.  Curr(:~~tly, part,icipantsT responses are recorded by liantl. A Java 

program might d so  be t1cvt:lopetl to record participants' respollses and t,llcir rctspolisc:s tilnc. 

We Irmy also us(: this program to trace the cllrsor n~ovement. Also, we divitlecl participants 

into two groups: conlputiug sc:ientists/engilleers and non-co~npntiug sc:ic?lit,ists/c:l~gi~~ccrs. 

Another possible group division for future stuclics would be right-l~iulded vs. lcft-l~al~tlotl 

users. Lastly, wc so f a  olily have university/colkgt. studcmts as our sul~jects. We would like 

to i ldude other ages, professioual or ilew cninputer liscrs iu t,lic, future:. 
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Office of Resea~h Ethics 



Appendix B 

Materials For All Studies 

Consent 

User  Interface Assessment  

You arc tnvited to p d c i p a t e  in a rrscach study thm will a m p a r e  the effecliveoess and ease of 
learning of new m p u t e r  inarfnces. I am a research awisumt in the Simon Fraser Schwl of 
Computing Science 

Your identity will not be raunled in this study. AU the data will be filed under a numeric &. 
n e r e  will be no way of identifying you from lhe dam. Note lhbt this data may be wade publicly 
available on the World Wide Web for other researchers to perform fuaber analyses. However, 
t h e  researchers will have no way of knowing thar it is your data. 

Your panicipation is entirely voluntary and your decision whether or not to participate will 
involve no penalty or loss of benetis to which you are otherwise entitled. If you are an S n '  
m d e m  no cuume grade will be afiected by your participation. If you decide to panidpate. you 
are lice to discontinue participtioo at any time wnhout any penalty. 

If you have any questions about the research at any time, please call me, Christina Lee, 
604.291.3610 or my advisor, R o f e r ~  Arthur Kirkpauick, 604.291.4190. If you have any 
complnintr b o u t  this expcrimenh you may wntact cithcr of us cr l r c  Dinnar of lhc School of 
Computing Science. Simon Fraser Univeniiy. If you hnve an) questions about your righa m a 
participant in a research project, plase contact the University Research Ethics Review 
Committee, c/o Oftice of thc View F'r4denh Reyearch, Simon h w  University, Bumaby. BC, 
VSA IS6. 

You 4 1  be o R d  a copy of h i s  form lo keep for your reconls. 

You m y  obrain a copy of che resenrch mul ls  by w n w l i n g  mc or Pmfesror Kirkpolnck aCta 
March, 2W3. 

Your si-mture below indicates that you have read and Ihat you undclstand the information 
provided above, that yw willingly a g m  lo parridpate, Ihat yar may withdraw your consenr at 
any time and discontinue panicipadon at my time without penalty or loss of benefits to whch 
you are orhewise entitled, Ihat you wiU reaive a copy of this form, and that you are not waiving 
any legal claim, rights or m e d i e s .  

Name (plase pnnt) 
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Background Questionnaire 
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Material For Real Application 

Observation 

C. l  Additional Table in Pilot study 

This is t l ~ r  tahle that gcmwite tlic. graph in the pilot htl~tly 

docunicnt : 

C.2 Instructions 

Soriy 
Toshi ba 

Here arc: tali(: inst,ructio~~s wc gme t,o part,ic:ipa~~t,s in real applicatio~l obscxvatio~i, clc- 

scribed in Chaptc:r 3. There worc t,wo differclit versions: 

1609 
l(i!$5 

J 

49!N 
5310 
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Version 1 

Websites Task (GlL1- G )  

Instruction: 

In this study, you are asked to browse six different online 
bookstore websites. For each website, a book description is given. 
Using the description, please do your best to find the book title with 
the latest available version, its ISBN and current price. The 
descriptions in quotes are extracted from the corresponding websites. 

Note that some of the websites also sells other products besides 
books. In this case, please go to their books section before you start 
the required task. 

If you any questions regarding this procedure, please ask the 
observer prior to this task. You may start anytime when you are 
ready. 
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This books is a special edition of the classic children's series by Lewis to 
celebrate the 50th anniversary. "Featuring the original illustrations, newly 
painted in full color by award-winning illustrator Baynes, this incredible 
volume is a must-have for anyone who wants to step into the unforgettable 
world of Narnia time and time again." 

This book is "compelling for younger readers, and those who come to Namia 
as older 'participants' may find themselves analyzing the Christian allegory 
that Lewis infused throughout the texts. However, in light of concerns about 
gender or ethnic representations, some readers may have concerns about the 
stereotypical manner in which a number of characters are constructed." 

Book Title: 

Book ISBN: 

Current Price: 

"The women had no chance. The men were nothing but one of six teams 
capable of winning. So said the critics and naysayers. But on February 21st 
and 24th, 2002, the women and men of Canada's - teams completed an 
historic double, a perfect sweep of - gold at Salt Lake 2002. ... For the men, 
it represented the end of a fifty-year drought that went back to the '52 
Edmonton Mercurys. For the women, the win was sweet revenge for an 
unexpected loss at Nagano in 1998. For all of Canada, the wins not only 
satisfied a nation infatuated with ---it helped define and reaffirm the 
country's identity." 

Category: Sports 
Author(s): First name is Andrew 
Publisher: Fenn Publishing Company Ltd 

Book Title: 

Book ISBN: 



APPENDIX C. MATERIAL FOR REAL APPLICATION OBSERVATION 

Current Price: 

"For the more than 40 million Americans living with arthritis, daily activities 
can be a challenge. The Arthritis Foundation's newest book, "book title", offers 
handy tips for doing laundry, gardening, working at a computer and more. 
Written in a concise tip format, the book gives hints on handling pain, fatigue, 
stress and dieting." 

Category: General Health 
Publisher: Longstreet Press, Inc. 

Book Title: 

Book ISBN. 

Current Price: 

This is a true crime story of the main author Abagnale's life. He "was one of 
the most daring con men, forgers, imposters, and escape artists in history." 
Abagnale is a high school drop out and did all kinds of criminal work before 
he was twenty-one. " Known by the police of twentysix foreign countries 
and all fifty states as ' The Skywayman,' Abagnale lived a sumptuous life on 
the lam -until the law caught up with him." 

Book Title: 

Book ISBN. 

Current Price: 

"Mention the comic strip Zits to teenagers or their parents and they'll eagerly 
launch into a long list of their favorite stories and strips that made it to the 
refrigerator door, making Zits the most effective form of communication 
between parents and their teens since the Post-it note. . . . 
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This latest collection . . . marks the eighth collection of the strip, which now 
appears in more than 1,000 newspapers worldwide." 

Category: Home & Garden Pets & Hobbies, Humor, Cartoons & Comics 
Author(s): Last names are Scott & Borgman 

Book Title: 

Book ISBN. 

Current Price: ~ 

"'Book title Woodhouse, handsome, clever, and rich, with a comfortable home 
and happy disposition seemed to unite some of the best blessings of existence; 
and had lived nearly twenty-one years in the world with very little to distress 
or vex her', and so begins author comic masterpiece book title." 
"... book title Wodehouse is a privileged and attractive young woman who, 
although she displays characteristics of snobbery and self-delusion, manages 
to outweigh these not all-together likable attributes with compassion and 
intelligence. Book title fancies herself a superb judge of human character and 
becomes entrenched in the amorous affairs of her friends. In doing so, she 
remains oblivious to her own romantic possibilities, and the resulting comical 
misunderstandings are highly entertaining." 

Category: Fiction & Literature > Literary Criticisms > English 
Author(s): First name is Jane 

Book Title: 

Book ISBN: 

Current Price: 

THE END. 

Thank you for your participation!! 
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Version 2 

Websites Task (GlLl-  L) 

Instruction: 

In this study, you are asked to browse six different online 
bookstore websites. For each website, a book description is given. 
Using the description, please do your best to find the book title with 
the latest available version, its ISBN and current price. The 
descriptions in quotes are extracted from the corresponding websites. 

Note that some of the websites also sells other products besides 
books. In this case, please go to their books section before you start 
the required task. 

If you any questions regarding this procedure, please ask the 
observer prior to this task. You may start anytime when you are 
ready. 
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This books is a special edition of the classic children's series by Lewis to 
celebrate the 50th anniversary. "Featuring the original illustrations, newly 
painted in full color by award-winning illustrator Baynes, this incredible 
volume is a must-have for anyone who wants to step into the unforgettable 
world of Namia time and time again." 

This book is "compelling for younger readers, and those who come to Namia 
as older 'participants' may find themselves analyzing the Christian allegory 
that Lewis infused throughout the texts. However, in light of concerns about 
gender or ethnic representations, some readers may have concerns about the 
stereotypical manner in which a number of characters are constructed." 

Book Title: 

Book ISBN: 

Current Price: 

"The women had no chance. The men were nothing but one of six teams 
capable of winning. So said the critics and naysayers. But on February 21st 
and 24th, 2002, the women and men of Canada's - teams completed an 
historic double, a perfect sweep of - gold at Salt Lake 2002. ... For the men, 
it represented the end of a fiyr-year drought that went back to the '52 
Edmonton Macurys. For the women, the win was sweet revenge for an 
unexpected loss at Nagano in 1998. For all of Canada, the wins not only 
satisfied a nation infatuated with --it helped define and re-affirm the 
country's identity." 

Category: Sports 
Author(s): First name is Andrew 
Publisher: Fern Publishing Company Ltd 

Book Title: 

Book ISBN: 
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Current Price: 

"For the more than 40 million Americans living with arthritis, daily activities 
can be a challenge. The Arthritis Foundation's newest book, "book title", offers 
handy tips for doing laundry, gardening, working at a computer and more. 
Written in a concise tip format, the book gives hints on handling pain, fatigue, 
stress and dieting." 

Category: General Health 
Publisher: Longstreet Press, Inc. 

Book Title: 

Book ISBN: 

Current Price: 

This is a true crime story of the main author Abagnale's life. He "was one of 
the most daring con men, forgers, imposters, and escape artists in history." 
Abagnale is a high school drop out and did all kinds of criminal work before 
he was twenty-one. " Known by the police of twentysix foreign countries 
and a l l  fifty states as ' The Skywayman,' Abagnale lived a sumptuous life on 
the lam - until the law caught up with him." 

Book Title: 

Book ISBN: 

Current Price: 

"Mention the comic strip Zits to teenagers or their parents and they'll eagerly 
launch into a long list of their favorite stories and strips that made it to the 
refrigerator door, making Zits the most effective form of communication 
between parents and their teens since the Post-it note. .. . 



APPENDIX C. MATERIAL FOR REAL APPLICATION OBSERVATION 

This latest collection ... marks the eighth collection of the strip, which now 
appears in more than 1,000 newspapers worldwide." 

Category: Home & Garden ) Pets & Hobbies ) Humor ) Cartoons &Comics 
Author($: Last names are Scott & Borgman 

Book Title: 

Book ISBN: 

Current Price: 

"Denise Linn draws on her Native American roots, as well as the teachings of 
other cultures, to create an eclectic but carefully crafted spiritual program for 
anyone wishing to venture on their own retreat. After helping you choose the 
Quest that is right for you - from a group Quest in the wilderness to a day of 
silence at home, from a personal Guided Quest to a solitary Garden Quest - 
this practical, engaging book will show you how to discover your life's 
purpose, find mystery and wonder at the core of your life, release limiting 
beliefs about yourself, call for a vision, harness the power of the Saaed Circle, 
confront and free yourself from fears, experience your connection to nature, 
heal emotional wounds, and develop peace of mind." 

Category: Religion/Spirituality 
Author(s): First name is Denise 

Book Title: 

Book ISBN: 

Current Price: 

THE END. 

Thank you for your participation!! 
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C.3 Post-Questionnaire 

We'd like to know a little about your web usage. This form only refers to you by a code number, not your 
name. No one wiU be able to connect these answers to you. 

About how many hours a week do you browse websites? hours a week 

Types of work you do when browsing websiles: 
(rank all that is applied, starting with the most frequent use as I )  
- E-mail 
- Banking 
- Chat 

Read 
- News 
- Articles/Magazines 
- Financiul figures - stocks, mutual fund etc 
- Fun stuff - comics, cartoom etc 
- Others: 

- On-line games 
- Browsing online store andlor shopping 

Others : 

Do you use web search engine? Yes No 

If the answer is yes, how often? 
A. At least once everyday 
B. At least once every week 
C. At least once every month 
D. Once every 2or more monthes 

Which browsw(s) you use most? 

Do you use library catalog system? Yes No 

If the answer is yes, how often? 
A. At least once everyday 
B. At least once every week 
C. At least once every month 
D. Once every 2or more monthes 
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!//here v d d  you c l ~ k  t o  extt thts dralng box? 



Wlierm uou ld  vou c l~ck  i n  a x ~ t  this daloa bcx2 

I 

Where would you  i k k  to  ex11 t h ~ s  d~o log box) 

. 

Where would you c l~ck l o  em1 t h s  dlalog box3 
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Where would you click t o  exit t h ~ s  dialog bak? Where would you chek to e x ~ t  this d~alog box? 

Stimulus 09 

krrrw*, 

Stimulus 10 

Where would you cllck t o  exit this dialog box? 

Where would you cl~ck to exit this dialog box? 

II) 
7 

w-rt**! 11 

Stimulus 13 

W e r e  wwld you click to wit this d~elog box? 

1 

* W R  

Stimulus 12 

W h t n  war& you click tD bxit lhis d i i  b&i? 

--.I 

Stimulus 14 
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Wherc would you click t o  exct t h ~ s  dialog box? 

UDW* 

Stimulus 15 

Where wwld you click to  exit MIS d&g box? 

*s*111*11 

Stimulus 17 

Where would yw cllzk t o  ex# this dialog &xl  

I 

AmS3M.l 

Stimulus 19 

Where would you cltek t o  w c b t  this dialog box> 

> 

**naw*r 

Stimulus 16 

Where would you d ~ c k  to  sxif this diolbg box? 

NIMl 

Stimulus 18 

Where wwtd gou cltck to s x ~ t  rhw bar3 

Stimulus 20 
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Where would you chck t o  w ~ t  this dvllog bQx2 

I 

uarnwn 

Stimulus 21 

When would yau clck to exit this ddog box' 

lkMadrn 

Stimulus 23 

Where would yw chck to ex* this dialog box', 

u u c s q r r  1% 

Stimulus 25 

Where would you chck to e x ~ t  thh dl& box' 

Stimulus 22 

W h r n  m l d  ywt click tc ~n this drcrlag bawl 

a , w l k j . M  

Stimulus 24 

Where wwkl you click to sx~t &IS drdcg box? 

-- 

Stimulus 26 
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unnrbn 

Stimulus 27 

Where would you el~ck to  exit cithfs d%g bow9 

M* 

Stimulus 29 

Where dould you cl& to axit this dialog box? 

****I m 

Stimulus 28 

Wh- lwuld you click to wcH this d i d 9  box2 

a#"w.rh'at 

Stimulus 30 

Am--1 

Stimulus 32 Stimulus 31 
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Whew wtt4 p u  cII& em* thW di& box? 

*L.ah*4 

Stimulus 33 

Stimulus 36 Stimulus 35 



Appendix E 

Abstract Screen Stimuli, Study 2 

GI M n e n  would you cl~ck to go t o  Ihc nexl step> 
Q: Whcrc would youclack tacmplc tc  Ihz c u r m n l  opr.rotm' 
0 3  Whrrc would youclock to d,:plq help> 

. -. . 



QI Zhcre uarldvou c l ~ h  t o m  to rhe n i h t  stso? 
a 2  U h e w  would youclwk lo>omplrtc the cuvrlnt opl8otlon7 
Q3 Where u w l d  youcl~ck lo dtsplay help, 

'V,'hcre would vou clock to complete the current aper,ationj 

- 

Q2:  Whercirauld youclrck r o m p l e t c  I h i  rwn:nl opcrotmn' 
QJ. Where would you clack la dssploy hclp' 
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Whrrc would you clvk la  cimplcts the c u r r v t  opmtton' 





rVhcrc r c u l d  youcl8ch la io rnp lc le  thc iurrcor o l r r v t l o o '  

I 
.. ., 

I , -H+ .A -4 -1 -- ~. -! 
i 



V l l ~ w t :  r o u M  VOL, c l c h  la  ~ w n p l c r r  thc r w r e n t  oprratlan' 

-- --  - -  ~ 

.... _.J I I ..... 1 

i the re  would you rltk to complctc the cun-cni aperot~an' 

-. 
I - .  I 

-. X.. 1 i 



Vlhmr swld you chrk l o  complcte the current op*rr?tcn7 



Where would youcl~ck to complete the current opcvdron' 
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;'/hew would you c l rk  to complctc the cwrent oprmtnan? 



41' V:hcvc would you c l d  t o  go to ?he nahl p q e ?  
Q? ahere uould youcltch la  go la the Home page' 
43 W h c r e  *auld you dlcF to d~vlay the FAQ7 

- . -. . . . - . , 

01 iYhcr.,: would you r l ~ i h  1-90 ?o the nert  p q e 7  
QZ- 'A%TL aauld yaucltck to go la the Home m e ,  
Q3-Vhcr . -  rauld o u c l d  to d ~ ~ l q  the FAQ' 

QI rrjnwe would vou clack to 90 to the n e i l  pe r>  
42 -  Where would you chck to go to the Hme me' 
ql whcrc nauld you cllck T a  d l z p l q  the FAQ1 

. 
! 

- 

! 1 .. .~~ - 
, I 

- 
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.Vhcrc * c u d  you click to iomplctc the cvrcnt apcrorron' 
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Whew would you c l c i  t o  complct r  lhc rwrcn l  opcrat~on? Whcre would you c k h  1. complcrc the cvrent optl-otm-' 

~ 

i 
- y*., 

Ql: K%- would you c l ~ k  l o g o  to the n c ~ t  step' 
9 2 :  Where mould youcltd r o . x r  thts dmlq? 
Q 3  $Yhcre uould youcllrb tu dliplay help, 

GI- Where would you chcb to90 tn thc n c d  s t ~ ' p 3  
9-7: 'n'hcrc ;wuld youclick to c d  thas d~alcg' 
Q 3  H'herc muld youcl#ck lo dlspla/ hrlp7 



Thc cnd o f  stucfv, 

THANK YOUll 



Appendix F 

Additional Informat ion Of Survey 

This a p p c ~ ~ t l i x  cont,aii~s i i ~ f o r i ~ ~ a t i o i ~  of t,he survc:y that  is 11ot tltw.ril)ecl ill C l~ap te r  3. 

F. 1 Participants' Background 

Here are t hc, statstics of partic,ipants ill tlics Surv ty  

(a) Gender 

I Fe~nale I 5 1  

( c )  First Language 

Male 

Total 

Tablr F.l: Statistic:, of 
Pasticipai~ts i r ~  S ~ n v e y  

G 

11 

Group: CE 

I Agc I Hours/wcck on Cor11l)uter 
Max 

This followiig t,able is t,hc t,ally of part,icipant,sl rtbsl)or~scLs oil the-ir cornplit,cr applic:at,iori 

Ilsagt?. 

29 1 60 

Group: Nori-CE 

Max 
hlin 
Average 

Agr 
24 
19 
22 

Hours/wwk on Computer 
20 

1.5 
9 :175 
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Netscape/Mozilla 3 4 

Safari, Op(~ra ,  
Other Browstm 1 4 2 Konqwror  

A n ~ ~ z o n  5 2 
- 

Yahoo maps 3 2 2  
- 

Google 7 
I I I I I I I  I I 

Hot Keys 1 1 5  

Scalc tor d l  
No Response - 0 - 

Never or Hardly use it. - 1 - Never 11se 
Tddc F.2: Con~putcr Uscxl it a lot txfort: - 2 - KIIOW 1-3, us :  them occasiorlally 
Usage of F'articipants Currently llsr it - :3 - Kliow 1-3, use t,liem most time 

in Survey - 4 - Know 4+! use t,liem all t,hc t,ir~~r? 



Appendix G 

Additional Informat ion Of 

Abstract Studies 

G.l Abstract Screen Study 1 

111 this st'ction, we provide o r i g i d  data of participants' backgro~lnd ant1 c-onlpl(~te statis- 

tics tiibles N I I ~  grap11s. 

G.1.1 Participants' Background 

Here ;ire tthe st,;~ttst,ic.s of part,icipant,s in the al>st,ract stimuli t,t~slc I: 

This following table is the tally of participants' respomcs on tlictir cw~iputer ap~dicatio~i 

usagc. 
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I 

Male I (i 

Total I 11 I 

(b) Grolq~ 

I I 

I Total I 11 I 
(c) First Lar~guagc: 

English 1 1  
Othcrs 1 10 

Tat)ltl G . l :  Statistics 
of Participants in 
Study 1 

( (I)  Othtw 

Overall 

Group: CE 

Group: Nun-CE 

Average I 22 1 !).375 

G.1.2 Ordinal Data 

There is only o ~ i c  tablc for abst,rac:t st,utly 1, Tat,ltt G.3. It c:ont,ains liit,t,ing r i ~ t , ~  of a11 

visual cues. Tllc t,ahlr. is organixcd by the cues: wortls, tliffcrent sliapcd butt,ons, d o u r  

buttom, and iniagcs. 
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Never or Hardly use it - 1 - Ncvcr us(, 
Tahle G.2: Computer Used it a lot before - 2 - I<t~ow I-;$, use t,hein occasiot~ally 
Usagc o f  Participarlts Curret~t,lv use it  - : - I<t~ow 1-3, thein rrlost tirnc 

in Study 1 - 4 - Kt~ow 4+. uhr thctr~ all the titnc, 
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G.2 Abstract Screen Study 2 

G.2.1 Participants' Background 

Htmt arc tlw statst,ics of part,icipa~lts in t,lw at)stract stiniuli study 2: 

(b) Group 

rn 
I I 

I Total 1 22 1 Group: CE 

M ~ x  
Miri 
Avtmgv 

(c) First Language 

Chirwsc. 
Others 

Table G.4: Statistics 
of Participants ill 
Study 2 

30 
18 

2:1.:W 

144 
5 

:Vi.fi36 

1 Age I EIours/wc~~k oil Cornputer 

This following t,ablc is the t,dly of part,ic:ipailts' rwponses oil their coilipt,cr applic.at,ion 

usage. 

Max 

Group: Nou-CE 

I Age r Hours/wc~ck OKI Corr~puter 

G.2.2 Ordinal Data 

28 I 72 

Max 

Tllerr arp scvral  graphs a i d  tables for abstract study 2: 

30 1 114 

0 Figure G . l  sllows whcrc the labcl or proti ~isioii owurtd ant1 ~ t s  ~lu~lbcsr of hits. 

0 Tablc G.6 sllows tlie total ~iu~iibcr of hit5 for ci~c.11 1at)c.l or protrusion in each layout. 

0 Tabel G.7 sliows tlic totdl I I I I I L I ~ ~ S  of hits at CVLC.~L position. 
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Table G.5: C o l n p n t c ~  

Usagc of Part ivipauts  

in  Study 2 

ori-CE 

Ncvctr or Hardly use it - 1 - Ncver usc 
Used it a lot I ~ f o r c  - 2 - Iiriow 1-9, use the111 occasiorlallv 

Cr~rrclntly use it - :I - I'how 1-9. use thtm 111ost tiuw 
- 4 - ICrlow 4+. use them all the time 

hIac OS 9 or louw 

Other deskt,op 

MY Word 

MS Exc~4 

MS PowerPoirlt 

Int,ernet Explort-r 

Netscape/hfoxilla 

Other browsers 

Amazon 

Yahoo rrlaps 

Googlc 

Hot Keys 

No Respunse - 0 - No Responsc 

Unix, Lir~ux, 
Dos 

Opera, Kori- 
queror 

7 
S d c  for all 

X 

1 

4 

9 

8 1  

k~ 

:< 

1 

3 
4 

1 4  

7 2  

1 

1 

11 

1 9  

(i 

(i 

1 

5 

11 

11 

5 1  

4 

2  
Scde 

10 

4 

3 

11 

6 

2 

2  

2 

10 

3 

2  

1 

3 

1 
for 

1 

9 

1 

5 

10 

S 

5 

7  

3 
Hot 
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3x3 Layout 

r Layout 

J Layout 

Table G.6: Ir~dividual Label Count of Study 2 
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