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Mai st ea digi a g a hic de ig e d e ed i ce hei c ea i , e ha 25 ea ag . I ece ea , a g i g be f

de ig e sta ed esti i g he e i g i i ibi i f de ig i he de ig ce . I hi di e a i , I add e he f i g esti : H d de ig e i h de ig a e? A d h ca e de ig e de ig ha be e de ig e a ice ? 

A

I h e ha hi he i i , a east, h ca e he a a i g di e i a d c ea i i i de ig e ' a ice , e ecia i F a ce. e e ha ' bee a i g e i e ie f hi I did ' ea a e face f de ig . If Desig s ware t s rev uti ized the desig r cess as s as they were i tr duced i ers a c uters, ar u d 1990. ey great y faci itated a d ti ized the differe t ste s f the desig a d r du i r cess. Desig ers c u d fi a y access a d i tera with rea ti e visua izati f their w r . Gra hic desig er a d critic E e Lu t reca s: "bei g ab e t dire y a i u ate ty e, h t gra hy, c r, a d bei g ab e t see it i rea ti e, as y u are w r i g, that's what it's a ab ut, that's the rev uti " (Briar, 2017). Desig s ware a s r f u d y tra sf r ed desig i dustries the se ves, e ecia y gra hic desig . Behi d the sce e, desig s ware ed t the disa eara ce f a y i ter ediary r fessi s a d thus c ce trated desig w r i the ha d f the desig ers the se ves.

M re tha 25 years a er, we saw the de cratizati f i ter et a d the wide read f bi e h es. Desig ra ice acc a ied this ve e t a d a y ve desig disci i es a eared, i c udi g i tera i desig a d service desig . I a essay ub ished i Digita Desig e ry (Kh i, 2011), gra hic desig er Kh i Vi h ex ai s that Resear A r a is thesis is at the cr ss-r ads f desig a d hu a -c uter i tera i . Over the c urse f this PhD, I siti ed yse f as a desig resear er b rr wi g fr HCI eth d gies. Desig resear is a re ative y ew fie d f resear , a d, t u i e Hu a -C uter I tera i , is sti argui g ver a ca ica defi iti . But bef re tryi g t defi e desig resear , I ust first sett e a defi iti f desig .

Ma y have bee r sed, but f r the sa e f c ve ie ce a d because it fits y ers a hi s hy rather we , I se the defi iti r sed by Herbert Si i 1969:

"every e desig s wh devises c urses f a i ai ed at a gi g existi g situati s i t referred es."

-Herbert Si i e Scie ces f the Artificia , .130

O e c u d argue that this g a is shared with e gi eeri g. A ey differe ces, h wever, is that desig f cuses what H rst Ritte a d

Me vi Webber i 1973 ca ed "Wic ed Pr b e s" (Ritte , 1973). Wic ed Pr b e s ca t be easi y addressed thr ugh scie ce a d e gi eeri g eth ds. Ritte a d Webber c i ed this ter "i rea i t the casti g f desig as a scie ce a d a s i re se t syste s e gi eers' i abi ity t a y scie tific eth ds t address s cia r b e s".

Zi er a ex ai s that wic ed r b e s ca t be accurate y de ed, because the differe t sta eh ders h d c fli i g er e ives f the issue at ha d. It is theref re i ssib e t adress this r b e usi g "the redu i ist a r a es f scie ce a d e gi eeri g" (Zi er a , 2007).

N w that we have r sed a defi iti f desig , we ca a r a a defi iti f desig resear . Fray i g, Pr fess r at the R ya C ege f Art, r sed a c assificati f desig resear i three c e ts (Fray i g, 1993): Resear f r desig , Resear i t desig a d Resear thr ugh desig . Fi de i, i 2004, redefi ed these three ty es f desig resear (Fi de i, 2004) as f ws:

"Resear for design" ai s at guidi g desig ra ice.

is resear is c e ed by desig ers t d cu e t differe t a e s f their r je (te ica , s ci gica , erg ics...) that wi the be used t urish their desig r cess. , "HCI ca be c ide ed a e a a cie ce beca e i st die he i e a i be ee e e a d a ificia -c ea ed a ifa , a he ha a a -cc i g e e E a , a ha faci i a e he a i i ha e be ee de ig e a d de e e d i g he c ea i f i e a i . We fi st sta i h a a ici a de ig h e ici e a f e e e i g he i e a i ha a i fie b h fe i . We b i d E a ba ed hi feedbac , c bi i g i e c e ed i a , b ic a d i e a i e ie . I he e e h i affe de ig e a d devel ers c llab rati thr ugh stru ured bservati studies. I a ter 13, I discuss the differe t t ls a d r se ri ci les f r the creati f desig t ls that better refle a d su rt existi g desig ers' ra ices.

23 ).

It has tur ed ut that the r erties f a c uter drawi g are e tire y differe t fr a a er drawi g t y because f the accuracy, ease f drawi g, a d eed f erasi g r vided by the c uter, but a s ri ari y because the abi ity t ve drawi g arts ar u d a c uter drawi g with ut the eed t erase the . Had a w r i g syste t bee deve ed, ur thi i g w u d have bee t str g y i flue ced by a ifeti e f drawi g a er t disc ver a y f the usefu services that the c uter ca r vide (Suther a d, 1963) S t v t w y r CAD (C ut r A D s ) s w r s w s r HCI (Hu -C ut r I t r ) s w . A t rs, t t y r D u s E rt (E rt, 1962). , 1998).
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Fe fu y e braced ixe izati as art f her w r . By d i g s , she r agated a gra hic desig rev uti , the 'New Wave' desig sty e i the US (Ar str g, 2016).

I c trast t Grie a 's w r , gra hic desig ers Eri va B a d a d Just va R ssu did t see gra hic desig s ware as iberati g.

F r the , there is a i here t i itati i the fa that gra hic desig s ware is a c ercia ass r du . It is theref re desig ed t target a arge gr u f r fessi a s by r vidi g fu i a ities that are erceived by s ware desig ers as the st desired by the c u ity.

"Y u ca d everythi g with a r gra as g as there are e ugh e e wh wa t t d the sa e thi g. But as it is recise y the tas f desig ers t disc ver ew ssibi ities, i their case, the use f a c uter ca be re f a ha dica tha a adva tage. the sa e. is ti is the resu t f a te ica r cess, t the ther way ar u d. H wever, there is te ica reas f r a i g a digita etter the sa e every ti e it is ri ted" (Midde d r , 2004). T rea ize their visi f ever differe t etters, they had t "hac " digita gra hic desig t s. I stead f usi g a gra hica user i terface t draw their Be w f f t, they dified the u der yi g a guage, P stscri t (Figure 18). By addi g a bit f ra d ess t the a guage, Be w f beca e a ty eface "that a ges whi e it is bei g ri ted". 20). He argues that this ty e f fu i a ities is ea t t si ify the w r f the desig er by aut atizi g it. I d i g s , Masure argues that "the se i-aut atic fu i a ities rie t the i age t wards a state that is s cia y a d cu tura y acce ted" (Masure, 2014).

Summary

is a ter ex res the hist ry f desig s ware fr the er e ive f th se wh created the as we as th se wh used a d a a yzed the . I the first se i , I a a yze the hist ry f desig s ware, f cusi g h w their c diti f creati affe ed their I desig ed St ryP rtrait with the idea f su rti g differe t eve s f a a ysis. St ryP rtraits ca be read at three differe t eve s f detai (Figure 25): fr i dividua ste s t St ryP rtraits the se ves a d a s as a c e i f St ryP rtraits. Ge era y se arated by arr ws a d ce tered ar u d a i ustrati , i dividua ste s r vide detai ed descri ti s f a ecific desig r cess. e ha d-draw i ustrati describe i ter ediary artifa s r a i u ati s. At the St ryP rtrait eve , the st ry is the ai f cus. e reader ca r gica y situate it a d u dersta d its c text with the h t gra h f the fi a artifa .

Readi g St ryP rtraits

Fi a y, because St ryP rtraits f w a rescribed f r at, they ca easi y be asse b ed as a c e i . By atia y rga izi g the , readers ca c are st ries b th withi a d acr ss artici a ts.

A R , D C T

Besides the i itia g a f su rti g i terview a a ysis, I created St ryP rtraits as a way t easi y c u icate st ries a g a tea e bers, e ecia y e bers wh did t artici ate i the i terviews.

Over the c urse f the three differe t r je s i whi they have bee used, St ryP rtraits tur ed ut t be usefu i a wider variety f ways. I rese t be w the differe t ways i whi tea e bers a r riated St ryP rtraits thr ugh ut the wh e r cess.

C u icati with I terviewees

Because St ryP rtraits were created artifa s based i terviews, we used the t verify a d dee e st ries with i terviewees. We shared 

Su rti g A a ysis

Duri g the a a ysis hase, St ryP rtraits r vided hysica su rt f r c du i g gr u ded the ry a a ysis (Strauss, 1987). St ryP rtraits did t re ace raw data but r vided ta gib e a d visua i s t it whe eeded. St ryP rtraits f r at he ed us t c are st ries side by side t extra recurri g the es, se a tic ter s a d desig ace di e si s (Figure 27).

We a s iterative y c assified st ries by atia y siti i g St ryP rtraits, ayi g the i ace a tab e a d stac i g the i gr u s. Ta i g adva tage f the e ty bac , we used P st-it tes, -.

. C ' ff . 

R D

We we the a a yzed tw c r t s dedicated f r desig ers. We f u d that, a art fr sa i g, they r y su rt desig ers' c r a i u ati a ivities i their curre t f r . I argue that this is due t a ac f u dersta di g f desig a ivities as ex rat ry-drive rather tha efficie cy-drive .

77 I c du ed this study i c ab rati with Ghita Ja a . We ra the i terviews t gether a d I the erf r ed the a a ysis rese ted be w.

A er studyi g tw ecific desig tas s with c rre di g dedicated t s, I se t i vestigate a re c ex desig tas : ay ut creati . O e f the ai tas s f r fessi a gra hic desig ers is t rga ize gra hica a d textua c te t the age. Whe creati g agazi es, b s a d advertise e ts, r fessi a gra hic desig ers traditi a y use stru ures ca ed grids: i terse i g i es that artiti the age t ay ut c te t. e grid is desig ed t rga ize ri t c te t whe the gra hic desig er ws, i adva ce, a f the ara eristics f the fi a desig , i c udi g c te t e gth, age size, bi di g, etc.

Traditi a des t ub ishi g a icati s se y base their stru uri g t s the grid, e.g. guides, ru ers, a d asters. As we have de strated i Cha ter 2, e bedded i these t s is the assu ti that ut ut is ri ted: fixed a d static. H wever, as i tera ive devices r iferate, s d es the de a d f r ay uts that di ay the sa e c te t i t variab e f r ats (Figure 40). I additi , ew ty es f edia have a eared, su as websites, b gs a d i e agazi es. I these ew edia, desig ers eed t r vide a te ate with ut wi g bef reha d the c te t that wi u ate it. C ti u us i f r ati strea s a d edia diversity add ew c strai ts a d rtu ities f r stru uri g visua c te t. Yet ay ut stru uri g fu i a ity did t ev ve i des t ub ishi g s ware.

We are i terested i i vestigati g h w desig ers are re di g t this aradig shi . H w d they create ay ut stru ures a d r cesses that s ve the r b e s f the c te rary gra hic desig a dsca e? D they g bey d the grid? H w are curre t digita t s su rti g their ra ices?

Context

Few studies f cus ecifica y h w gra hic desig ers w r with their 

R D

We c e ed 52 ecific a c ea i st ie f e e a ici a

(3-5 st ie e a ici a 

Graphical substrates

We f d ha a a ici a begi b estab i hi g ha he ca " ste ", " i ci e ", "a i e e ", "st e ", " e " "c st ai ", ha e ca g a hica bst a e . e ha e a c a a e istic: he g ide he a , b a e a ea i he fi a e . B a a g i h he bst a e hi e i i g rga is s gr w, gra hica substrates are the u der yi g stru ures t

whi the desig er "gr ws" a ay ut. As with ivi g rga is s, a gi g the substrate usua y affe s the ay ut as we . e ter substrate has a s bee used i a ther creative c text t describe h w usic c sers re rese t their usica ideas (Garcia, 2012). A th ugh a five-i e usica sc re r vides a sta dard stru ure c arab e t a grid, a y c sers i ve t their w , i vative usica re rese tati s: "A th ugh usica tati was i rta t f r a f ur c sers, ea c ser desig ed his w ers a usica substrate" (Garcia, 2012). We deve ed a si e descri tive fra ew r that ide tifies the ty es f i uts a d ut uts used by artici a ts t create a d i tera with gra hica substrates (Figure 42). Partici a ts based their gra hica substrates -r substrates f r sh rt -three ai ty es f i uts: c ce ts, c te t r erties a d c text c strai ts, su as age di e si s. ey the a these i uts t atia a d te ra ut ut r erties.

I

A st a artici a ts (11/12) created substrates that used c ce ts as i ut, i e P5b's use f the u ber 42. S e i uts are ecific, su as u bers, thers are re abstra , su as "a bia ce". F r exa e, P4b created ty gra hic a dsca es by reservi g y e etter, "c", fr a text. She erased a the ther etters with a drawi g a icati a d reserved the siti i g f the "c"s, creati g a abstra a dsca e f etters f r ea c ver. 

Usi g c de t reify gra hica substrates

Desig as a hy r hic r cess

I a c ercia f r the gr u dbrea i g Ad be I ustrat r 88, the arrat r ex ai s that I ustrat r 88 is "a rev uti based ew t s, t s that free the i agi ati a d e i i ate drudgery". A g the a y fi di gs fr the f ur studies, I sh wed that there is t a si g e way f d i g eve the st u da e desig tas s. is fa ed e t se the idea that e si g e t c u d erfe y su rt a y desig tas s (Figure 52). I stead, I argue that we ca reeva uate the traditi f t cra s a shi that e erged i the ear y eri d f desig , whe desig ers were sti c sidered as cra s e a d whe there were as a y differe t t s as cra s e . Of c urse, t every e ca r eve wa t t desig r r gra their w t s, but digita t s are f a differe t ature tha their hysica c u ter arts. Whereas, i the re-digita era, desig ers eeded t ada t t ex e sive i dustria a i ery t whi they had i flue ce; i the digita era, c dethe ateria their t s are bui t fr -ca easi y be dified. Our curre t situati is a s very differe t fr the re-i dustria era: c trary t hysica t s, digita es ca free y be re r duced a d shared. Instrumental Intera ion gra hic desig ers a d i ire ew dire i s f r desig i g t s that ge erate i vative ay uts. C textify reifies a e s f the reader's c text, difyi g the ay ut acc rdi g the reader's refere ces a d the curre t readi g e vir e t (1). Li ify reifies atia re ati shi s, r vidi g ew i uts f r difyi g the ay ut acc rdi g t dy a ic r erties f the c te t (2). B th are i e e ted as web a icati s t faci itate de y e t a d use by gra hic desig ers dire y i the br wser, where the fi a artic es wi be read.

Intera ing with Probes

C -R

A 

R Intera ing with Contextify

D

S eB c i st a e he ge e a i e e f f eif i g g a hica

bst a e f g a hic de ig . Be , e efle h S eB c add e e he eed f de ig e ide ified i e i ica st d , a e a he a e ge f i estiga i g hi e de ig ace. 

Exte di g the v cabulary f i uts a d ut uts

Ex l ri g ther ty es f Gra hical Substrates

We a e e hi abst a i ffe a i a ba a ce be ee e a d i ici i hi he de ig ace f g a hica bst a e . 

T ls i ired by desig er ra ices

A he a a f c e a g e i g adi i a de ig a ifa . 

T ls i ired by b th ra ices

Rece , e e ea e e i eg a e g a hica a d b ic cab a c ea e d a ic g a hic . Ki i a d a ic d a i g i g he c ea i f a i a ed ce e h gh f i a i e a i be ee g a hica e i ie (Ka i, 2014). Ki e ie di e a i a i f g a hic b a e ab e he a i a i f

f i a i e a i i h i - f i . A a a
(S a a , 2017) i a g a hic edi ha c bi e di e a i a i i h da a-fl g a i g. i c bi a i e ab e e hi b h a ia a d b ica . Whi e he e ide i e a i a h i g ca abi i ie , he f c he c ea i f d a ic d a i g , i st a i a d diag a , i g i e a i . descri ti . F r exa e, the desig er fr Pair 1 drew a s a sh t f the i tera i at f ur i ts i ti e: "(1) I t u , (2) I ve (3) I re ease (4) e t creates the c sed sha e." (Figure 70). Next, the deve ers a d desig ers c ab rated t gradua y ge era ize the descri ti f the i tera i . e deve er, i ired by the desig er's re rese tati a d his w edge f "fl w r gra i g", drew a diagra re rese ti g the differe t c e ts f the i tera i : fi ger, sha e, i e a d c sed sha e. Based the deve er's re rese tati , the desig er bui t a ew re rese tati that c bi ed the stre gths f b th r sa s. He c rc ded a visua exa e a d a ed ea gra hica e e e t t a detai ed r gra i g rie ted descri ti : "a straight i e betwee the i t f rigi a d the curre t fi ger siti [...] a curve that rec rds the c ete ath f the fi ger fr the rigi t the curre t fi ger siti [...]". I su ary, we bserved that eve whe r vided with a existi g a d c ete i tera i , b th desig ers' a d deve ers' re rese tati s suffered fr issi g i f r ati a d edge cases. is suggests that curre t re rese tati s are i ited a d ay resu t i desig brea d w s. Whe as ed t create c ete re rese tati s, desig ers first started by re rese ti g a c crete exa e t f whi b th desig ers a d deve ers gradua y added ru es. Based these resu ts, we eed t create t s that su rt this gradua e ri e t f re rese tati s.

E a : r t ty i g i tera i

Based the w r sh fi di gs, we created ENACT, a r t ty i g t f r c ti u us t u -based bi e i tera i s. e g a f E a is t eeds t ex a d the state a i e t acc u t f r a i gesture (Figure 73e). She decides t create a Pi state with three ew tra siti s: t u start, t u ve a d t u e d. I the Pi 's t u ve a i , she creates tw ew a i gs. O e betwee the first fi ger's y-siti a d the first re a g e's y-siti , a ther betwee the sec d fi ger's y-siti a d the sec d re a g e's y-siti . T d s , she dire y drag t u es, visua e e e ts a d r erties fr the scree s desig ed by A t (Figure 73f) i t the c de edit r. A er addi g the ew a i , Petra ec s the i tera i by i tera i g the bi e. Petra tices that R3 is t bei g resized. She creates a easure (M1) by draggi g a i e betwee R1 a d R2 (Figure 73b). She the drags M1 t create a ew a betwee M1's dista ce a d R3's height. She is satisfied with the resu t a d se ds the desig bac t A t . A t rea izes that the ew t -ist ite sh u d t gr w bigger tha the existi g ite s. He ecifies this by addi g a third scree with the ex e ed sizes. He ru s the aut atic testi g. e curre t i e e tati i creases the height f R3 bey d the ex e ed va ue (Figure 73h). A t decides t fix the i e e tati hi se f. He adds a axi u va ue t the revi us a i g created by Petra. A t extra s R3's height fr the third scree , creati g a abs ute refere ce a d setti g it as the ax va ue. N w A t ca twea the size dire y fr the st ryb ard with ut the eed f difyi g the c de.

Generating Animations from the StoryBoard

Preliminary Study

T better u dersta d h w desig ers a d deve ers i tera with ENACT, we c du ed a stru ured bservati study (Garcia, 2014) with a ear ier versi f E a . is ear ier versi had gra hica ru e te ates (Figure 74) si i ar t the a fu i t r gra 

Collaborative Strategies

A he de ig e ed he a e fl c ica e he de ig 

O -

By a a yzi g the vide data, we easured the u ber f " i ic i g gestures", i.e. whe a artici a t erf r s the i tera i with the ha ds either t u dersta d it r t c u icate it, b th utside the device a d the device. We y c u ted " i ic i g gestures" duri g the side-by-side hase (Figure 75), t whe they were w r i g i dividua y. Desig ers were u re i v ved duri g the side-byside c ab rati with ENACT tha with TRADITIONAL t s (Figure 76). With ENACT, a desig ers i tera ed with the target device (M = 8, SD = 3.65) whi e y three desig ers did it with TRADITIONAL t s (M = 1.17, SD = 1.46). O e ex a ati c u d be the se se f w ershi f the r t ty e. With TRADITIONAL t s, deve ers recreate the desig with their w t s. It is t the desig er's desig that wi c e t ife but a ere re ica. With ENACT, deve ers itera y add i tera ivity t the artifa r vided by the desig er. Desig ers ight theref re fee a higher se se f w ershi ver the r t ty e u der c stru i , thus i creasi g artici ati . P4ds said "y u have the i ressi t be ivi g i the sa e e vir e t, that we share the sa e a guage".

T s with a flexib e barrier betwee desig a d deve e t ca create i teresti g rtu ities f r c ab rative r t ty i g. P2ds was t sure she sh u d create a i ut exa e: "a I su se t d this?".

O the c trary, P5ds was rea y i terested i the r gra i g ca abi ities f ENACT: he started addi g i tera ivity by hi se f f rg t t fi ish the descri ti f the i tera i the st ryb ard. Whe P5dv received the desig he said "What sh u d I d w? is is a ready c ded!". Duri g the side-by-side c ab rati , P5dv bui t t f

P5ds's i e e tati , eve exte di g the st ryb ard hi se f.

Si i ar y, P6ds added s e i tera ivity t the I tera i O e r t ty e a d P6dv dire y started t fix severa edge cases i the i e e tati , su as ec i g that the t u es are i side the sha es a d that the re a g e is c strai ed t a vertica ve e t. M st f the desig ers were i ti idated by the c de edit r but t by the ive state a i e diagra . We be ieve that visua a d i ter ediate re rese tati s he brea i g the si s betwee these c u ities f ra ice.

e use f i tera ive re rese tati s he ed desig ers a d deve ers t fi d edge-cases. Five ut f six airs f u d three r re f the seve edge cases i the fi a versi f the i tera i . F r e a e, hi e i e a i g i h he fi st i e e a i a e , P3d ea i ed ha ha e he e d agged e e he he fi ge a ide he . Si i a , P5d iced ha I e a i O e beha ed diffe e de e di g hi e a g e a ed fi st. He ha ed hi fi di g i h P5d , h added a if sta e e de e i e hi h d be a cia ed i h ea e a g e.

Summary

I hi a e , I i estiga ed he c ea i f de ig ha he a i i f de ig de e e . We fi st a a a ici a 
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 50 Figure 50. A deta ed descri ti f desig ers' w r ay iss the i visib e a d e c ex r cess deve ed by desig ers.
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H w d desig ers w rk with desig s ware?

H w d desig ers w rk with a d ar u d desig t ls? H w d they a r riate existi g s ware a d ada t it f r their ecific ra ices? H w d curre t desig t ls su rt these ra ices.
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How do designers work with digital tools?
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						45

St ryP rtraits' ada table stru ure

  

	I (Figure 24), I				st		S		P	. L
			, S		P	st				st	,
	st . I							fi	-	:	,
						fi	. E				fi	:
											. I
								:			,	,
						st	.			
	fi						. E				ff
							.			
	I Figure 25. L S F	, S ,	P D	P	ff . St . I dividual Ste s . St ryP rtraits fi	C	st , P	st	,	.
	(	4)				. F				(	6), I
											.
				, D	B	(		7),		st

ryP rtrait c lle i s

  

						. T	st ,
	I st		S	P	
						.	st
		S	P		
					S	P	. Y ,
					S	P	.
						(L	, 1998),
	S	P			
			. I			I
						S	P
				. T		S	P
					,	fi st	st
			st		S	P	.	,
			S	P		.	st
				S	P
		fi st.			
					st	.
	H	,				fi	, I
	S	P				-
		fi				.
				S	P	.
	(	)			(	).

u icati with diverse Audie ces

  

	st Data C e i : W r S P 45-u t t r Y ,	,	r	S s "s v " r u r	P	,	-s st t rv w	rs us t	st , wr tt r '
	. W . D Partici a ts: W 'P D rs s ss y t ' 2015 C t s. W s r r v D . r t r st u t r J s st 33 u t . T , st s t y r t ,	. P D st fi r ts' t r t A rs (A rs, 2013) r u s t t st , u ts. H w v r, rt s w t t t r rt y	,
	Su S I Partici a ts: W rti g Desig P . W . W S P , fi ' st (15 : I c du ed this study i c llab rati with Ghita Jalal. -ffi st . S P . B st S P st . I ' st ). G , st . 'P D D ' 2015 C . A . Pr cedure: D fi st 15 , fl S P . W . W (7 ) . . A , S P Summary I , I S P , ' st , . S P Cha ter 4 r s t r y s t fi t t str y u rst . r t r r t r u t t s. C t t t s su s r w s r v tt v u r s rs w t s t w r w t r. H v t st r " x r t w y stu y r t r" t r u r r x r ts. T r ss t s , w t u rst w A a ysis: W r t St ryP rtr t t ustr t st ry (s C t r 3), w t t r t rt , s w s r w s t Study s r st t r r t u t r ss (Figure 31). W t r s w t s st ry r s t t rt ts t H w d Desig ers rt sts s rs urr t y u t r t r w r , w t r w t ut t t s. W fi st st , st , v r y t t s. W r r r u t ry (G s r, 1999) ys s fi t ff r t r u t t r s. W a i u ate C r? . A , st st ry t r r t r s t r s t fiv st r r s t t v t r s t r t t C rP rt ts s Background . s r w.
	S T C r s P st y s ff r t s (4 , 4 R S	. W t rs. Y t, t sts r ; . , :	. I v r us st st ' st u r s 23-45) C	S s. B us P fi . D s t v y : t x t , , , , I r r ts stu st st P D	,	st st u t y t s	, st,	y
	Figure 28. W . Data C lle i : W S , 11 . Figure 29. e e i g S P e i -f c ed (3) a d e -P fi st . I , st S P . st r x t r y s s ai i c ded (4) e e e a i st st e (1); , . I ff . I w v t s . A H J x r rty t r r z u t . Psy I . I -e S , t, Pr cedure: W st , "[ ] st . N t t t r t r r ts s s r v u t r . W W 35 st " P a (2); r s v ry . sts s w ffi t rs s v u (J st u s , su v y ff r t rs (K , 2005). r t v st st r s r t , 2010). tur r r t r t s y us s. F r x , t . W rt ts. W t fi A s u t us r tr st w us s r's ff , y sur r s r s: P2	:
	fi , S a e ge he c ea i g a S P st . i c de a d ha st O e f he ai st R ha de ai i . Re ea e . W P . S P , , r t ff y t r t t surr u s t (C vr u , 1854). st ai i decidi g st c d a . ffi . ( t s r) x t y , : T t u t su us s, s rs t v s " rr " r t -w r ts ff s s t y t r rs r t t t t t t t
	B A h i c de i a a ic a S S P --st S P , , gh a a i f he st ie bef e he e e , ' (Figure 28). W S P . B hi de ai P ai . S P ai ca e ace a da a b i a a i e i . Ye , ea S P ai h d i c de , fficie de ai c e he i ci a st di e i , a e a S P , . v u rt t t t y r t . Figure 32. -M s rs st r s fi r t y t fi C r s u t t s r's w r , y t t s t w t t C r P rtr ts s s . S r y, s v r st x t st r. S s rs v t t r v s t u rst s s. O st ry t r rt ts v t r y y r s w r . Itt t t ry. rt tw ys A rs, t r ss rs t ; S P st . B ff , , , st . . Y , S P . S P -(Figure 29. ) st (fi 29. ). O -(fi 29. ), st . S P st i i g de ai ha ca a idea f de ig . e e h c ea e S P ai ge a g ea e de sta di g f he da a b e e i g ecific e , a i a d a i . T adi i a , e ha bee , a d i sti he i a edi f d c e i g a d a a i g a i a i e da a. Wi h S P ai , i he Figure 30. -C P fi st st , t B u us r s r y ff r t v s s r. Itt w s rt s t rs t r s t s ry rs. H w v r, t . D t r st st s r r, r t r t s w ys s us s t st r u t t fi 1990. u rst t (Itt , 2013). A r t , s rs rt sts r s, s us t y r r r t , -, RGB CMYK . S ust t t u t r ss ( r t rt ts' st r s, usu y w t u t x s r rt t r), x r ss ( t r t r), stru ( v y ), (Figure 32).
	A c e fi st f a ifa -f c ed i e ie , e S . A i a ce i a e e e a he ba i f , st . D , t r t r t s r A rs r u s t t r s "t st r t v st e gi e a g ea e st (fi 29. ), a i a i e e ea . I ff . u rt" P . st ha ega d, i st a i a e e e e e f S P ai beca e st 25 . (Figure 30) st (A rs, 2013) us r x r s s t t v rt sts
	S he ca P s	rs	eci e c ut t	e h ica a i a i ; tur r t x r	a d a ifa . Ye , e w t v y
	S Y , e ea e P O t v ff hi ha e e e i g he ste i ea st I . T st f he i c , u u rst s e e a e f he da a he a e a a i g. I ff st , I r. , . d e e i e e e i e d a i g i . I deed, ghe e e ca e i d , (F , 2002) (M , 1988). . Tr t y, t s s-r , t r u t s v r x r , s st t u t w y r s rs . Figure 31. -F F S P st
	60									63

C

Sa es: Pic i g a d Twea i g

  

		r w s t , rs,	r	P4 (Gr t t	r	s	r) tr r st s t t t y t r t "u usu y. F r x	rs"	,
	y us P2 ( t	A	s	I ustr t r's r) t	r t r	r. M st rt s s v r	r	ts (5/8) s s t
	rs r x r		v r ty s t w t tt r t . F r r, " s, u	w s t s, ur s	r ff r t
			tt s tt ". A t u t t r	s, s w ur s	s ys t	t s	s, su	s r s, t r	s,
	t xt s ut s s t s ff r , w r st	r s r r su t	t ff r t s. O s r	y, s t s
	rt ff s. P rt ts us t s ts w r v ry	r r r	y, w t	st y w w ff r t t y	rs
	t		sur r w		v rs us t		tw t r. F r x t	t r , P8 (I ustr t r) rs, su	s w r str
	P4 (Gr tt					s	u		r)	s	r	u r r s t	t	t ustr t s. S sur t t t
	r t v rs u t v r ty		s st r w u u r	s	r x t st	y s	w t . w t y
	C t		s t r,			r r r		t RAL t fi	w s s r ssur .	r P1
	(P t r). H			w t t	" u st fi t s P rt	r ts s w t t u r
	y rs".								y s	r	t
												M r sur r s ff t r	y,	tt . F r
												r	x	s s, rt , P8 (I ustr t r)	ts
												st rt r t	y s	tt	s	t
												t	tw fi t	u	t	r	r
	Figure 33. -D s			rs			rs r	y y t s	t t t	rt u t, w	. P7
	v rs s ur s, s t			r		tw r	t rs,	t r. y	(S rv r t	s	r) r t w tt .
			t xt.								tt us S u t	Ku r, xtr us y ust
			rs r		t s r		w t I D s ,	r	t rty r t	,	t t r s t
	us t r su t rs w	r t	tt	t	s fi r t , r s . P1 (P t r) s us r	tt .	s t
	t r tu s P rt ts			rs w t t	x t u t	t	s	t t s s	t	t
	fi		t xtu	rs r s r		t . W r st s	rt tt t	ts us tr	r r r t s s. rs, t
	w s U rtu t y, y s st w t r	rs	u	t	r	r t w s	r rs t r s z r r s u t
	r	ss. F r x r sw t s, r	, P8 (I ustr t r) us t t y t s rs x r y r	r t r v r t s	t
	M	t s OS t xt.		r	r t s	r	x r
			z . S t Figure 34 fi s t fiv t ur y t y "r v t	v	t u t s	", w	r
	s		tt s,		s u			:	y	r	t	sw t	r CMYK s ff r t s z s, y r r	s	r
	t r		s t	(K) r	t r t z r .S rs, u t	r y, P2 (Ex r u s	t s rs s u t, r) s
		rs r t r		w t	t s s r	u	t y, su	,	t s w t	us t r	r r, r
	t		r t tw t xt t r t s	s	r rs. Curr t t	t r	r	rs	r . s r
	Figure 33 s ws t rs s		t	tw	ts	t tr t t r v	u	rst u	t s t	r
	s su	rt s	s						t u t	r	rs t	r	t xt	r	, t r	rs.
	t w t		s ur s s w	s t tw	r y	y
		s		rs.						
	C rs r ff					t y t r surr u	rs	y t r
				t					ts su	s t xtur s. P rt	ts s	s r t s
	O P rt	t s w	x ts r r y w r r t	r	w t	u t s s t s v u u t rs. H rs. I st	t	fi , t y r t r. rt	ts
	Sur r s r t s ts y, (4/8) t			y tw rs, u	rt r w t t r ts tt s,	t	s s w u t t ts, su s t xtur t y s w	. M st
	s	rt t		r r ts (7/8) r t r t s ts t r r ff s, u t t r su t	us rs r t r t t w t ut urt r s r t t . P2 (Ex	t
		s	fi t . P6 (Pr u D s v u rs. I , t s xtr r) s r t s r s " fl t sur r) us A y r r t t P t s r t t	's w u s t w ys r
	tr	r t r r t v v y s t r		rt u r u s r. us rt ss t ys	r ts w t t r t y us w r ".	r r r t s ts

Palette: Ma i ulati g c l r relati shi s

Figure 34. -D s rs ust s z , y ut C sites: C bi i g C rs with ther effe s T r r u t y w

Testing with non-color ecialists

  

	E e if	ai g a i	c ea e c	f de ig e , e a e a
	i e ested i esti g he b ade a icabi i	f he C	P	ai
	de ig		ace. T d	, e i e ie ed eigh cie ist a d e gi ee (6
	e , 2	e , aged 23-45), f	he f	i g di ci i e : bi g ,
	bi	e ist , c	e cie ce, da a i a i a i , ga e de e i g,
	i a ea i e gi ee i g, a	a ic a d i f	a i	he . Ea
	i e ie asted a	i a e	e h , i he a ici a ' ffice. A
	bef e, e a ed a ici a		h	ece a ifa	he had
	c ea ed a d de c ibe he ste	he f	ed i c	a e c	. A

he e d f he i e ie , e a ed f addi i a st ie e a ed ea de ig ace ca eg . We ec ded a di f a i e ie a d ec ded ide f a ici a ' i e a i i h he e i g a ifa .

cabu ary is at betwee desig ers a d deve ers

  

	s (Figure 49) r s w r s t " , I	t	v y r " t t w u r's st ." O	str ts . ."	y	. P16 ss t s. F r . I st t s r : ,
	fi ff r t v s s, su w t tw : "S s t P3 ' fl . W , z t t t rs t t t v su st fi Revealing the dynamic nature of intera ive systems x , P5 s w r r rs. first s r t y t st s (6/8), st , st , , t s rs r y t t t 's x u u r r s st y. "M [ ."	]
	?" F P16 , , "s w , P11 st fi t , w x u s z 1200 x. "N w w ". R t t ". s r t w t v ur w t ." ffi fi t s r r r utt r s z . F ts r s r w t v r t s s r t s, r P5 s t t , st st , st (5/7). , P7 . H t v u s, , x r ss ' 12 " s t s F " st " st . O . Data Colle ion: W . W , . . , , . W v r s us t s rs t t ut s s (5 urr s). F r x , w s t t ry syst r fi t r (8 ). F , st . , : "I . I , . " --O e ggest ha de ig e a e e i e ha de e e " . I , --. I ecif edge ca e , e e h gh hei ea ide ifica i ca a id ig ifica b e a e . Beca e c e de ig e a e i h sta ic c ee , he d ' de ig e i e i g f he d a ic a e f i e a i e ste a d i di c e i g edge ca e . D Myths behind Design Tools
	, . E x st P11 t t s : P13 I st C t . , Summary , S t st Analysis: W st Figure 49. F rst s ws x ." I st , I fi st	, v	" (F ur 46). . F ." , s t rs: "C t s, r w t ut . I st r t , 2011) . T s t ry?" st . st (F s v . r t r : "W ' s [ ] ? I , st , , I '	". : "I x st
	t t	I	s	, P4 rs w	,	16-?" A s r	fi		:	s t	st ,	s	,	r t
	fi a e st died h r r s ts t r. st . V i ,		-de ig e c					. S st . W ff r t : ica e a d de e e u w t . F
	" i e e i e a i e ste de ig . Fi st, e c d ed 16 i e ie fi st ". S , fi str t y: H r s : " , I , . st , I
	. S ry t t r u s t . W . D ff s. S " O . . " t r" t S R r y, w t s t ry t ? I ?" I , i h fe i a de ig e a d de e e h , P3 st t r r v us y u . D s rs r s v rs , t , . F fi he c ab a ed " t r z stur v r s t , : "I d i g he ha d-ff ha e. We h ed ha he c e fl . I , st fi ' st . Y , Discussion i d ce a f e b h ide . De ig e c ea e a i de f D t s r w t s s s w u ff t s t v rs ?" ed da de ig d c e a d de e e st ec ea e he i h . I st	r
	T t w s t . G v t C s t tur : "B s D st ? I hei . i ff Tool Silos igi a de ig . We he ide ified h ee e de ig b ea d ' . D , v r's w r , t s rs w t y u ust s , I t w s u ' : "W [ ce e i d ce i a e i h he t : . A st , I	t t
	he idea i A e Effe . She e ded t us r s ff r t fi t rs." D s HTTP] st?" T ' i i g i f a i , he de ig e d	d a i g a fe ' rs s u t v e e a d he -t , : c ica e a ecific .
	a e fir t ' de ai ; edge ca e , he de ig e d he de e e a he , , r r t ut t : "W S F st, st	ed fl	h hi ab st str ts (17 i e e he idea -. S ' , a a ic a ca e;
	di e urr a d e		i c de. I ' . F s). s XC . W ica c st ai , he de ig e a e ca e , he de ig e a ided e i i g . , s t " s r t ty" t ." , a a e f de e e ' ry ' . E , ,
	i e a i a a , e i g i e a i . i de ig e fi d i e a i ided sta ic de ig d c e he de e e M e e a .' (M e , 2008) a g e c ea e ff-he-he f ha d e e e . F e a e, P6d i h e e e i g e a i i , e e if he e e i e: "I e he de e e ic he i e a i be ee he c ee , i ce he a e e ba ic." E C e ec d e f de ig b ea d i i i g edge ca e , he de ig e f c ica ce a i a d d c ide e e e b e a ic i a i . De e e a e ai ed hi ab edge ha ca e ; de ig e a e . A de e e e ed ha de ig e i i a edge ca e f hei de ig d c e , a d ha he had decide h ha d e he e i a i he e e . P13d ecei ed c de e a a ica i . Beca e he de ig e had ecified he " hi e ca e ", P13d had a e de ig deci i f ea f he diffe e edge ca e . F e a e, he c ie e i ed hi i c de ad e i e e , he dified he igi a de ig acc da e he ad . Si i a , P16d e a ed a e i e g id f a c i e c a eb i e. e igi a st , . F , P13 P . B P13 " ". H , . st . F Figure 48. R t s tw t r x ty v r v v t. L v r v v t t r y s ust t r s --. s rv y Br w t . (Br w , 2012). F rst, t y w r t fir fl . S e ica i i a i . e i e ie a h ed ha he de e e . N st Study 2: Case Study S fi First Meeting -Accounting for design breakdowns fi --w t t v r t s ty t r s . F r x , s r s t v r: "Is t ss t v sw stur w s t ?" I r r t r s s, t y s t v r ut t x ty t rt s s. W -fi . A , IDE : UI a e i ed i he i i ia de ig f c st i e a i , he i e e a i e d be b e a ic e e i ib e. T f he de sta d h de ig e a d de e e add e he e b ea d , e . I , -fi . H , st , V I , ff fi c d ed a gi di a ca e st d . We f d ha e e if he ea , . I st , s rr t w t r t r ss t t . t s rs r s s r tur r s, t v r . S , fi . U , -fi -, i e e f he de e e i iga ed he cc e ce f de ig ' . T , P11 st . W fi , s t t y x y w t s u s r . s rs ff . F , b ea d , e e a ea ed i b e e ee i g . O e . I , st -. " fi I ff ". I st , " ". N st . F , , fi st P6 " ". P6 , . P6 : "H , ." I st , ' . C O y fiv t 25 r s (tw r t t r -t ) st , st . I w s t s r w t y-r t r t , u "fi " . ggest ha de ig e a d de e e d ' he ' , fi st st ' u -t -s ss s tw s rs v rs t t -s t t t r . F r x , P4 s r ust v t ru v t t s rs v rs t s t. v r w s t t t r su t v t v r w t ut t stru s r u ts: "N t w s wr tt w , w y t s r s." Ot r s r x s su st t t v v v rs ur t s s s t s r t r t x t r s (Figure 48). I su s s, v rs u rst t s r t r ur t t s rs t u y r r s t t t r s u ts. D v rs w r st y t r t s . W P1 S (12 ), t r s r t s. v r r : "Ev ryt s ss ... ut CSS . , ' a i i i g be ee he de ig a d he i e e a i ha e. . L S " , O -, -. W . F y u r y w t t s r s t s r t , t w t , " " , , Lack of Refa oring , r x." H su st y u s t s, ut w t . I . A , st , ut t tur . s rs r . . W S " " " " st " (S , 2007). F st , , , : "I ?" S , st (5 ). D st . D st st . Partici a ts: W st ( st " ", : "O , ' fl , I Second Meeting -Fixing design breakdowns . F , . W : . 24-25, ). ... URL , URL Ev t u t y w r t y s r w s ur , st " " st . H , fl L ' fi st F ?" t first t , w s r ur t t t : "I -ffi : , st . Pr cedure: W fi r ss. v r u w s s (4 urr s). F r ?" st . . I --. fi st . F , w u u t y's : " r s r s t t t v r s w t -. x , t t t y r w t u t su t r s UI : "I .
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Late deve er i v ve e t

Pr vidi g greater flexibility thr ugh Reificati

  

	Back a d f rth betwee lay ut a d Gra hical
	Substrates	
	S d 1 h ed ha de ig e	e b h	-d	a d b	-
	st a egie f c ea i g a d a i a i g bst a e . S eB c	e
	de ig e		a i a e b h he fi a a	a d he bst a e i hi he
	a e		ace, i g he a e i e a i	, hi e ab e a c sta
	bac -a d-f h. De ig e ca sta b b i di g a e a	e a	, he
	e a i e esti g		e ie a d eif he i	a i de e de
	st		e ha ca he be e ed a d a i a ed. i	d faci i a e
	P7'		fl ,	he	d	ha e	a a c ea e he bst a e
	f he g a		a b		bef e ha di g i ff a he de ig e .
	De ig e ca a	b i d a bst a e f	c a	a d i e a e ic ,
	S d 1 de i ce i i i sta st a ed ha g a hic de ig e c ea e bst a e ba ed ea ied he h e a . De ig e c e
	a ide a ie i e c de	f i d ce feedbac a d	ha a e e d . F e a	ed b e, P3 e e i e ed
	e isti g i h a g i h	. We ha	e	eif CSS dec a a i d ce i e e e e i e a he de c ibe e f hi i age .
	a S eB c	e ie . i d e hi	e	e dif he bst a e a d ee he e ibi i ie i e f i	a d i g
	. F e a i age i edia e	e, de ig e ca i h he i di e i acce	aci (P19), ie f a gi g a d e-
	(P18) a d a gi (P17). De ig e a d e e eade ca a e ec i g c de. H e e , he ea S eB c e de ig e	ide a ge he
	hei c e	i hi e ee i g e isti g b c , i d e , b ecif i g a CSS a e. i	a	P2' st a ica a
	he e eade he e b c	ecified he age di e i he e c e . S i g CSS c a e i fl e ce he fi a d add e
	a hi	. H e e , i g CSS c e b e , e i g de ig e f he a i i he c e f a e bst a e .	e ie
	h e a ai ab e i he a g age. De ig e ca	ide hei	i	,
	b		b		a a		ecif i g a CSS a e. G i g be	d hi
	i i a i		e i e	e i g	he ste	e e a i	, i.e.
	i	e e i g a	c f c	e i g e e a da a	a	.
	S d 1 h ed ha g a hic de ig e estab i h de ig	i ci e ha
	g ide, b d	st i	defi e he a	. S eB c
	fle ibi i b		i g he ea i g f e a i	hi	i g a i (P14)
	a d i i (P13, P16). F e a	e, P10 had b ea hi	bst a e fi
	e e e i age i he a	. S eB c	e hi i i he heigh f
	he i age. S bst a e a e i de e de f	c e . e ca be e ed
	a d c bi ed b de a i g a d ea a i g he	he	d e . i
			P12' st a eg f c bi i g e isti g g a hica	bst a e
		d ce a di e e e f c he e a	. H e e , addi g	e
	c	e c di i		S eB c i a a e ge. C st ai	ste
		a A e A	La	a ia c st ai , b	he
	ge e a d		e de ig e	i	a e	ee a d ea a
	e a i	hi .		
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	S eB c c e	b	CSS' e e e a i	f g a hica
	e ie a e . i	ea	ha c	,	i i	, a d
	a f	a i	ca a be c	e ed ge he i a c	iste	a .
	H e e , de ig e	d be efi f	e e e i e e e e a i
	f g a hica	e ie ,	a e e e i g	i i	a	i	a d
	i e	a i a e a g e . i	d e de ig e a	e isti g
	g a hica e	i e a d	fl		i h bst a e .
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		ff r t					, s s r s	rs t tw	. By reifyi g substrates, we st v u s'
	ca deve	desig t s that sta d as a i teresti g idd e gr u d . W t: tw s u x s. I C r P rt r, s rs
	betwee GUI-based desig t s a d r gra fi st s t t r tw r t y y	i g. A rs y . B	ust	t	,
	, Creati g Substrates: b tt -u r t -d w , st . A D , st st , st . Tw O I ' " urs r's st r t r r. I Sty B s, s S st rs , ust z t r r t s s y r t s u s t x st r t s s. T st r t us u ss x r t ss t s D s Su str t s, I r u t t tw s s s u Chapter 14 C s r fi t r t fl x stru ur s. Su ary a d Resear Per e ives	'
			". I				,		st		. W	,
												. I ,	,
	L T			H			. D s	" rs t r t t s x st , I	t	ff	t t r x st
	r				s y tw		t	,	,	I	y	t	ust	tt	t. W
								,		,		'	st	,
	O e f he e be efi i eif i g De ig S bst a e i ha ea " (F , 2017). I st ; Su ary f C tributi s	f he
	st	st	ide a e e , I		h gh hi de ig e ca a ,	ehe d he c e st
	he de sta di g he a e he i h. Diffe e De ig S bst a e e . F e a a d he E a ' ea e e i a i e ha de ig e a d ide diffe e e, b h S ic Li e a g a e e e e i i g i he f : ei he a c a d f a a he a ica f a . S e f he e e e a i ed b fi st ff . st . I st , st -, . W st , ' ; st st 30 , st . W st st ; , st st st , . T . st st : h w d
	de ig			st	a	e a	st	ha e di e e i a e . I st	,	i	he	, D
	e e e a i S st		. H e e , e	,	e , ea .	e e e a i gi e acce ff
		i f R			a i		ha i ha d g a ab e h gh a ec d e. F st . I st st	,
	e a		e, Pa e e E	e f c e	he e a i	hi a	g c	.
	hi e C H	,	Pa e f c e . F	,	,	he hist st st	f c	ice . I E a ,
	he e e ia e e e a i fi st st f i e a i :	ide a c ea i a st
	de c i i st	f he e . ,	e	st	f a i e a i , b . D	he '	g a	a ic
	e e e a i A ec d ad a age f eif i g De ig S bst a e i hei a e ea i e ea edge ca e . f a a i . De ig S bst a e a e a ic a e f st st I 1, I existi g exa es. I , I st st . A st	e ia he he . I '
	e b d st		e a d e a i fi	hi	ha a e a S st	a ica a ied . I P st ,
	c e . i a E ,		a i gi e de ig e a st	st	g ea e ca e f	.
	e W		a i beca e if he decide , st	dif hei	bst a e , he i . I ,
	be ab e S L		b e e he e , fl	. W	a he c e . i ca be e ecia st ,
		ef a , i		e i ica st die , de ig e " st", fl	dified hei De ig st . E
	S bst a e st	e i e. E e a e hei c ea i , de ig e . I S B , CSS st '	dif
	e isti g e a i HTML		hi	acc	f	e c e , e e	c i e .
	e D	st	i g. U i g a d a i a i g bst a e a e e a i .	a f
	de ig e . I C I	, I	Pa e , c ,	st st	a e e	. F	e i e a d efle he , E
	a i i . I C fi		C . F	i , de ig e ca dec , S L ,	e ha he
												193
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	I st bst a e f , st		st e isti g e a	st e a d	st	st c ea i g he i a . W	-
	d			a		. W a . Fi a , De ig S bst a e h d e bed ea i g st , fi
		e a i		.	: ei f ce hei a ica i be st	st d bi a st ,	e . B
	st e b aci g fle ibi i , he ca acc	f	fi he a iabi i	f de ig e
	I c e a d i e i -	;	.	, I . W	st	S
	st Resear Per e ives ; 1. I st , I st st st S L . D S	st L	fi st-	.
											st	.
	. Li itati s f Gra hica Substrates W . A st , I , I st . I fi st	fi	, : C	'
		fi e				12 ed de ig	bst a e a e	. I	fi i e a d	a ab e de ig
			st ' . I stead, he a e a e f fi st e a st ; L	. W e ha de fi	fi	fi	st a e he
	st e iste ce f a e -e : st . B	ed de ig	st ace f digi a de ig st	. I . e
	fi st ie d c e ed i hi he i e e e . W , 12	, e c ea i e	ibi i ie f	,
	st de ig				st , a d ea de ig e ; ,	. igh c e	i h a diffe e
					, . I he a e ecific st . i , i deed, ha e ed e , . W	st	e i he
	de ig				h	. W , S	B I ga i ed. e ,	st fi CSS e f g a hica	st bst a e e e ed
	st i hi he i a e sti e i i ed. Di e if i g e e e a i , . st st	f	fi
	I g a hica	st	. bst a e i c cia	.	e	ff	e hei	st fi e ia . Re ea e i ,
	st	. Y , , he d ai a F	ff sta ed e	st i g e -	I	e f e e e a i	,	ha
		a i			i e f	.	e di e i	f	he c ea i	st	f de ig	bst a e . F
	e a	F	, st e, Zi e		, i he c e	f	g a	' i g, de	. W st a ed h ,
	, i e a i e e e e a i 16	-ca e de e e -	? I i a i e a d a i a e fi st fl . W
	"		, I hed a e a i a e e e a i st fi E	. D , " i	de	i	e	g a	. I
	fi st est				-i g (Zi e	2016).	, S	P	. D	st
			, Ye ,		. idi g c	a i a	. B , e hi e e e i g he . W	, e f
	, S . W i e a i e i a e e e a i P st	fi	e ai a a e ge. F	: i g	'
	st E a ' a	, a , i.e. faci i a i g he a a i be ee diffe e . E	fi
			I	;		. I i ed e e e a i , . fi st st	st , ca e e e a di e i b st , I	e eed	;
	e	ff	fi e	ff e a	st	, f a a i g c ce ,	. e e e a i	. T	'	a
	E G ii	W .	, e (D agice ic, 2011) ha a i a e he a i i be ee st . O st : P E st st E
	-e e e a i ca a e ia e	-fi C e f he i edi e ; C . D	-ega di g c e . B
	E	35 st i f e a		, e. M e e , e	st , i g a g acef c habi a i ; C P --	. O f
		e a ed de ig	.		fi	,	st igh be a e e e di g e dea . G a hica ' ; C R
	: S bst a e i he c e I I	f i st	. e a i e a i	fi	, e i e a	. W st
	O e a a i		, f da a (c e ) a d e e e a i , st 8 ,	, ha a ead D
	S st c	, st a ibi i i e , a i e a ead ide ified b Bea d i -Laf . B . L ff	. W
	st (2004). e h ee diffe e . ff	st a i ie ha a g d i st , I st st , I fi	e	h d
		st e : ei e e abi i , e i ie ce a d ca abi i a a . I st C P D S . . R D S st
	I g a hica		: bst a e . Me h d	. a g acef deg ada i (F i , fi st st , I ff . T
	W L fi 2004) ca be i e esti g a st S , ,	i	e e	, he e a i ie . st fi	st	.
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