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-~vdt o usm i Nafe appeeos. Appliciln mms includ the ot* eonmneMt
u -neeh4 g-mmin rae~ka snvkoinneM ncd m eviaknmes aid eowwei a on*

losh Ithi hapter 114M toe demands each of the applalon -ra has on user Iter-
bm The Wentt Is to On 2 heeder an h ipreleln -of the el 11-f11- a Od cl.lrenoes of 80pi-
callon -em ffs on usr n bieutaes The reang chaspters of the report concentrate on the
applocdon -va of eoftowe s ngIlnesui-g

3.1. Office Environmntff
The olflts euwironmeu refem to tecan-lOglee such se ofice hnlormdon systems (018), awae
meut ikonmion sysies a(MIS), t datag pceng -(DP). in teaplailon ausers often
have bRnid knowledge of comaputer systems. Since thee Is a MWrg number of users. tran
users Is a mvor concern. In 018, one approach to hInteface desig has been to emulate an
uwkonmsut wil wlh One user Is funily [112t. For eman~e, the des@Iiop metAphor has been
usedtod decte wodprcsigm nradvnmdboig somle ha e snidto
-fi office wok

Document prodacdon Is dofte concern toran aftea that generts Maig volumes of documents.
especisy repasts wit Whim, Ilvar, biblog iip nean md cross references. Integraion of docu-
ms*o- tools Is bypoftml when there Is the need to move clocumenrt among dieeut users
an Nolsrn tooks such as dlocument: prepaao tools mnd eleM crnl mall systems. Anothe
suof iegriln i the i-cliasio fspeech aan addl c ~mmuicallaon medium whcacn

be In the form of stored and rerive messaes 11241 or speech reognlon tools [961.

*Managemet Wnonmdilon systems recukale saqppoft for nilple vimw of hInonnaton through busi-
nms g api cs Pwt of the viewin operations e sumvnws of the kftvon.l In an intractive
system.01caanges to the hft.mt In one view Is expected to be propagated. Common represen-
tdc ns for undedyin kiommilon, such as the rwepeentationI for spreadsheet data as promoted
by MI crsf (dwred to as SYUC [62iJ slow fnfat exchanges among tools not necessuly

des-ne togthe. The users of such systems, oftenn ponii should not needto know
the lteriolg of the mechanisms beong used to achieve appropiae views. Base on the type
of datanmd thedeshd ~Ic (e.g., relative comgpeison), kt would be highl usefuli for the system
to provide the most IPPropriat.NWid eectilve ersnan

daata -cssW dubi wlt larg volumes of hinat. Since such Infonitailon often affecls
* people and their lives *cwt. strigen cheddng for consisteny In Informiation Is Imipotant. This

applies boll to interaclive and nonlteractive daisen as well as data retrieval and printing.
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&I EniglnefIng Environment
The -egk, qj l wll ncl haudes caoqueled desig (CAD), archiecture, and mechan-
Iod i ginee Ing 16 ai pplcolon av res. ioemon Is best presented graphically to show prod-

-f r conyseed anpoim NWpotsnlal decompose into smaller components. AN of thene
n o neremy be becouiWecl i ways Vii viludly awe kmpossle to describewithout the

-i of 9rpis Fq? IF S c pn s ipa ekquetl we standardied and made avalable to the user
through oat A srmes. Wly, tIeom we stlon specii constaints regarding component
6 ieuo nnetlns These onusins may rang from logical consistency to layout limitations.

For s gein g sppadln- VWi nwn~uhis object I three dimensions, the use of three-
dnen-slIoni graphi view has opened new avenues. In chemistry, for example, visual exarnina-

tion of uuieaaor seukaee i eldd new a lgItsI Curenly a variety of techniques are
av*D lleor 0ereen d weeInenld haeontodimensional sipsa screens, ranging from

polygo meshes lo, 1%11ng and use of color arid Intensity 1411.

3&3 RseJ-lm Environment
The red-'ie enironmenit reless to pplimetlon where time Is a critical factor. Two olbvious

.1 plica-ion a w process cn ib l arid a nuldlork (e.g., 139W simulation). In process control,
the use Iuim e expected to give the useir amp ye sion of the progress of an ongoing real
world process. Thus, a Impg vault of senry Input devices with pelcapplications may have
la be handed. For Ine user to mdie decieIns- and provide feedxc to the application, Infor-
malon abc* Owl proces and it dch9anget be reprmeet property to be communicated
eff-ctivly Today, larg displays k cupael0 grapics, color. animnation and audlo output are

Simulation applications try to mdla reel world environent and process for the user. in some
case. a display scree an sallsfacioryl present a colorful, Le .~~,moving world.
Other applicatlons use adiOnd! e-a often physically more realstic, to commrunicate the Im-
pressflon s of tihe red world Coordinated ccrtroa over Vim devics is required to mnaintain a
consistent view of fth simultd Iiage of the redl wod

3.4. Mixed Media Environment
The mixed meiaU environmnent reir to systems such as electronic publihing, electronic mnusic

comosiion iagig, nd pech rocssig.Electronicpulishing pushes technology insev-
era ways. Digta video and sidlo disks we used for informnation dissemuination with local retrieval

qc$ 1 litles. Online retrieval capalules are, provided Ito a large population through videotext and
simlar technologies, which wre befn expaded to prvide data enry capabilities. Finally, comn-
puterized support for production of publications eprovided.

Electrnict musical composition has encouraged new technique and technologies for entering
iorm.. n d for visual display [71. Current technologies alow the composer to enter a score
Ntoi system, synthesize orchestral components, and revise the score where necessary.

7
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4- <.------ 7~md The., dft m lnpe moboM als IM Is flollowed by a
too Shilita~p weir su 10 Ion d b dhams. TMe daos cOes ty

For a bug one Se fpn at'i hulelm im m m by0 ~uw sellsed
eae r ftS mr OWLS m e*a ft passe sfl~ill d MWs dambe 00s-
som uch n bow dowad reI iws it Numds n waf ans'somo fits ser
I Ibe cina ft eadbv ebmu Isl %,a kae to fta aet ditajf Irn i t e doh .

Use grWi IFd kernel vjd WIN~ ulud P11. Te omkdit of~ dhn sefllsudesaon
41101i, t t Clees of o*W wd IpdImee

4.1.1. Cbu'agls Ouput bDMM
*M 11w Whi o aloe, lw l Wm*"id &V low, tjnlmf CRT danal wre mermted

becIm 0 whec had a 1mugum ofneonMeewrt amp Ner hiedaes, lmus uch e

am the ai dome -eprms a a lam of low lk, n ofnt tmIs 1o. Due la o m mahica
urm fey we low bandelb do,,ices. Me low bermdeldia uRnuy causes Die d~g td lo
be o~s4pm -~. -gu meeqs eaken pWbe hi Mae hem an ercoden -oepudhigboa
tesa form Die mWi be baked up muwily. This lemn melc p om d hek ~.~ De

oupu Ioii (a. De ocs.Otwlic fnDieam!ot wEbe place) aNet be repoeoned.
Lhieoated qdngcllmwenqMmd. The hwdoopV pekvisa rens abtum ait U
traeslucm between Diet umn ad Die acupVi, wh Mie usr @aamb--0 viuuiy.

Omux"tm~aa or low *tulod C"T tenm fel hom a Order t~IN 0 lms. The acen
Is-hi twoowanelol, but 11Isi trade em a Wrldolpit nmadhaA. d Iasi h w h Ine ftDi bol~n
ba and Die rminkder aoh D td move up (Iarmb), Acm hI ie lap baa. Thus, k puovld a
belied k Iracgcn hmerIS Somse aisn*e I ft dilole pami bv~ed sdWba d t i bloa Naa.
Lo., ervoift g ch mal by t -mlI ird, The, nomalachenical aidurfe it i pla har-is up
MMst a h~hae bmndl 10 ra. Inr I -lo n

'thube ~umd umuk hia~iiss Pie Na d% to hmkmm m Appsm0 A.



We O m d~0 cilw e tmin A-e prsers 0CRT iem*1 WlIN dIl ~s~ssres

loom* 06 m 1"o u lnd Ahsr m b a Such display copbi suput 11 seme
sites mlbuilpe m, e"g Ewce (1213. aid terebmeed hIrsulun tcinaes

A *aly eos soeen provkba a realWod tmodn nmlnd~ P~yospld 1% A rioh sol d
seomen edmp Owree is .eA ddd In Vw il iplay twdivaAnw 2 Incudes op We.

or Soldpmgednn ms son adcharactr o b aIs.Som sfI s Ind as theConompt
IM100 tsmiU suppmt adiwion 06he sreen io rslmne(windowes).

Am Amerkica ationa Standmfts illt 1(ANSI)developedaI £tmNd tnad A @
for ful4llex operalion, whIch was reied I drlt form I fte DEC VTI 00 terminal vith mo
0 ira lo the approved utandar& This -,, da, did rit peveni nwHmlm Bfro0leulng

&*NNeW funationdly, which aloned a polleraton ofdiplay codues hi a loto eprovdon
of enwiln of ANSI )X.64 or DEC VTIOO kau~nsfcny. To achleys pa tly1 of @VlcVlNsM'
arosafmerange 06emsgrmnal typesIts UNIXoperat isse -providgea vitud terml-
nil kIlefe. The Iipleie-nation of this Interface, uses a datbae of tsniul-2epeclflc- chaaer-
Isios Owterms [134D. New teminal can be supported by addin thle apprmopriate ternoep, to the
d@I-m.

4.1a2 GraphcS OutputDevice
The class of s@mol g epshlos terminals represents CRT terminl wih cheacle position addnw-
sllt ad grephlco harate els. Characters I t~ sd prov~d if ft daf elements that
mlay be anompoed to achieve te desired elllect. An emple Is the DIEC VTIO2. Thes teclnirpie
of Oisallc chewacter sets prov~ds bI Ad 0ric capailitis which we used most* I epp
caton as such as business 01 *1Imms. This technique le also used on many 06 peso-na com-
putere The use 06 color has not permeated saftwm -enineing applicatiohs othe than busi-

Tie cha 06 fuEgqll0shce termnl Is represe-led by two hantiwm technologies: vectrg apft
aid MqW 9 *Aks Vectorap grepl dominated the CAD application are for a long time. How
ow, with maurty and in-croee dgit p lowsebg powr bitmop graphics became the more
prewdoi lechnoloo becam it was more versat. A bitmap diclayt supports Individually ad-

- ..~l pils. Xercn Parc beasne a foreounnr I tusin this teologyW I a personal corm-
puler modlato for use olrthe graph! If- pplicatloms 121. The btmap display and aa-

* bliy 06 ft mous as a poningi device introduced a rang 06 new Iteraction techniqes many of
~l~ wenr- eplored- for practPOal use In the Smaltaic system [481. The high bandwidth coninuni-

clla podd a mes represe n hormatton hIforms closer to those noral usedvwithin
pwnilsu domine. E1amiples ae WYSIYG (what yu se Is what you get docunrient prepa
rad~on systemsn and a) bolic octd represe eton ion). The dedicated processin power of
suclsth @)Ms -able a huwanownr dialogue tha Is more user friendly, especially for non-
0-8u1,ier people. The resuls 06 fti work are now found In products such as thie Ap~ple Macin-

tech (1U
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the Iqp OMMis be im Ih 7Mo oi MIiwAly used isyou for *h- umd keys
is ~flYf lsa4 wNIUP %Mn on 4WWOtmU Allwnlve kaybomal impouls such as

bord hae ia dsv-loped. hi home not bund gmneri asapblae. A baki keyboad usually
luwbft qaW U"~ msh a ftasmp or toe w Mol key. A ink of Fbdloi maus I

MIMIC s MO 4f NViIIsIIN mm wsw speaw keys an 1hOMd of deesit Vndore.
M iii IW guy's 0 we is dsiSv beve kay sab AMac as a numeu lo keyps for

@alki nummf is a ey, a wscen amer melon peA ard ucton keys Oha can be pro-
* unmadil tern.. a quoe o amesor amsignd by sotaiwretepads iallfuno-

16ras Mui (753 pmovitis w siinAke aoui deled discuss"o of ganeral- and special-
pwpum sbs~s md techiqu es te kstn 10 m Ieine suich stfucton keys.

A vaulse d dsvloe have been davisped te muS Ayod kiputherby povdin amore
lect -ian fo Me uaser ID aWus a beOmlnaludispily Such dlevies bikde the

mouse %M pwn Ow bach pad. Otle dtvIne such a the joystickd ae a i Noais means for
puvo u w M g t4 ai wll e Mwm has bind the moofc aspimos ao- l A tus wwennern

MIA. Lgalh~put D"vM
The avadsn of dpaioih kp dakvisewlhrgard isa iglaldevic laaflaon yielssm
usel ilgif ss iofill drevis sbean dihe [6641 and is mupouted sputof the
00 - -fn (013 Theme b"~s devics msp A dilereu h 1-era- tadhiqus such as krk* -;

ak 6vkW'm a oft , and *a loins f he bechne can be dshreid eSully by
using ais mail, mselclofe, e., the ch aicse lsalon can be dshdid by usNft pik'g tech-
uiqus M31 As a mmidL olvat eassmnlion thW only one devis In addillsn lo the keyboard Is
avI d ev s l~ ise n ft Unmoue wre Ohe most vamab Adesu beaiea devious wih
this guoW we basd laigaly. on msis adE demnd I handt t devise. An analysis of
phicalol mWa lo" devise and thainMp for ditlerr ieraction technique Is puovidad by
Foley. Wailm, and Chan M43 and Cod, Newel mWa Moran (26. Foley at al. demcrito a ays-
te 1M-lsk tmu based on wAW c evises and Irteracton ft mu can be matchd wMt the
hWerctin t to bempefived Cad st A detnifi exper~metly the effeclivennes of
several ldevious for ceube tye of operallons Reaultshalow tha keyboard command, we
m e@ecg-vs for shoo dstanc posltion"n, wharas a nmue Is more affective overall

4.2. Textual Communication
Muln (763 gives a somwhat doled Mut al vali dscusion of textual dialgu aematlves. The
Wk nduu nhlnu tniaques mnemoncs, prowqt ng, men iad fom flng techi-
viques Al wre cenere aoun a command langag andl diferent ways of entn cormend

Commad Wisgages we the mean of ommunIcatlon, no oinly for the system cmmand loaer-
prete, but for applioats as well. Command! angage can tale t fonm of naural langage
1wte naturl language, or pogaming language. Natu ralnuage comncatlon woul be
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under user or eppidon contl (referred to as pop-up or pull-down). They can appear in a fixed
plaoe, or near the mouse cursor Iocan Momenrdes can be text or loom or both (aN these
forf ee ound on Mainlosh). The size of hie menu window con adust to the number of entries
or can be fked. Thwe can be an upper Mli on the number of entdese, or lhe menu content can
be roaled or paged. The et of menus and their ontents may be frozen, or they can change a
runtine. A subset of the efdes may be mctive at any tine.

Temporary menus are called up and salections re mnde In one of sewveral ways. Some systems
deiply the menu when a mouse button Is pressed While the mouse button Is hold, the mouse Is
tcked for mem enwt melection by highlingt/ Releasing the mouse button causes the cur-
reny highlghted entry lo be ssleted Rlem outside the menu window aborts the men selec-
tion. In the latt cse, the Invoker of the menu fumction must be able to handle this exceptional
ondltion, I.e., no selection. Other systems dploy a menu upon mome click or function key
Invocation. The user can then select an erfy through a separate click operation. Invoking a
function key Is usualy for menus with muliple solections Multple selections may be Indicated by
clicking mulple etUdee and terminating the selection process by an explicit "close menur com-
mand. or by repeaedly callig up the menu and addng to the selection. Selected etres are
indicad by a check mark or by highilghtin. Sometimes the selection state Is romembered be-
tween menu call-ups. it provides a context for extension of selections or defalt selection based
on previous actions. In such a case entries may have to be unselected explicitly, or a reset
operation Is provided. For menus with state memory, single entry selection can be enforced
through so-called rao buton behavior, which means that selection of one entry removes a
previous selecdon

Menu entries may be grouped and orgered Into menu hierarchies. AN levels of a hirarchy may
be visible at once, or they may have to be navigated with only the selected path visible. In some
systerns. a special entry In lie top level menu pennits le previous selection to be repeated
[110, .o. This may be carried out by imediate reselection of the final entry or by time delayed
wakng through thoe meu hierahy.

Menu selection may be in response to a question or a message. The text may appear separately
or togeter with lhe menm enrMies In a so-cal dialogue or aet window [- also referred to as
prompters and oorrmers [491. For ranges of numerical values, seiection can take a different
form such that the set of discr ee values Is mapped onto dials of various shapes and forms. The
user can selecUet a value by absolute reference or change It relative to a given value. The user
may ineract with a window that combines the above selection mechanims with fields for text
enty.

Because the mulplicily of altematives l overwhelming, there is a need to classify the tech-
niques. The techniques have to be apoie mapped to lie ineraction tasks to be peWormed
by the user. The Descartes Project [113] examined the menu as an example technique and used
sultable abstractions for Ineractlve communication to determine the role of menus In dialogues.
In the process, a deein pace was dotermed that explains the variety in menus. A more gen-
eral treatment of Interaction tasks and techniques Is presented In Foley, Wallace, and Chan [42].
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of4 Grpical Commniatn
Mhe August 1965 Ismu 06 WANE Op was dedicated t visual prUnilg ILe.. the use of
p aphic In the conftex of poroam -min. Griaon and IclUma [511 delhie the termn and survey
work I ft sea. A second --ticle by Raider 96 suiveys current graphical progruuning tech-
niqusan -Conru varius po apl ogrm n $yae,

Grp* qla cphss~ pmnow f orns d6 c ac nficidon, 06 wIch we consider louw types: tonic-j*A W~e*A rpoprmui*t aatef hindiiontheusermay connrunicate
* t m ysetmbaatjrw t Im ssi , pu sgiaplical rerestt . I thi cae, the

user Is p ovded with a no -- -ad lpasg with graphical operators An example sPlC, a lan -
poe for drawing simpl figures 1673 Drin*g spooled I PIC we fed tough a documnent

proceseor(Troll)and can beied aspiow f or on a-wokition sarsen. Othewexcaqie ar
extensionsto prograuning languagelo incude graphialoperallown[135611061.

Iconics refers lo the faciliy for attachig a synbolop eprsNation lo ant object or entity. Xerox
Star and Macintosh me good exanme of an ooIzed, user itl!rface. Wcoe may be defhid for
each obiect or for classes of objct I the Wier ase, a nam may be iricluded I the bcon to
distingish nrs 06 a dlais. bcons ad much We menum nibes I 1at they ane selectle.
Som meou sysltesupport an loonlo rpr-eetonl 06 of r enties (e.g9, Maciosh). When
created, looms wre placed by fth systmi or by Ithe user. Users may place bone I arbitrary loon-
tions (Macintosh), or Into a predeIlned grid (MS-WH). Somne system provide an operation tha
organizes Icons int grid and l-im gmps (e9g. the Machoeh dean-up operation).

Movemnent of cons may havedifeent semntnic me,-kings peniton thedestinatin icato
WI~in certain regions, it my Just reloIncale the physical display object. In oter cases, it may
move or copy the undering object. On t Macitosh, for exuiple, fils; are move by mving
anIcon from one folder (direcoMy owaoter but fbs ercopieidby moving the oonto a folder
on a different disk Moving an loon on lop 06 a trashoan loon deletes lie undering objec
(Macintosh), and moving0 an loon onto a prirle loon prhtse the underlyin Us object. Prhtlng on
the Macintsh and delet on the Xerox Star are execute by eihe function key or menu.

Somne systerm permithle user to defin-e loonio synftoi and atac them o exist or user-
created objMt. Such systems are user extensibl. An Iteresting examnple of an extensibl app&i
cation with an Iconft user Iterf ace Is Flevbslon a visual datase, on the Macintosh [831.

loono reprse ntsais we attractive because they permit t application freroor to present
* to the user a view thatmor closely rellects his mnental modlM 06 the application. Howeve, It Is

dufct lo appropriately apply ti lechnitiue and generate a smantically consistent user Inter-
face behavior. This Is Illustrated with an example on the Xerox Star. loons (and t objects they
rspreent can be move and copied. Moving imans removal from the source location. However,
I the destination iIs the printer, the mnove operation Is translated Ino a copy operation to avoid an
unintentional deletion 06 the loon (object). Such action malme the user Insecure because he Is not
swe when such a reinterpretation talce place. Aternatively, the systemn could prohibit the opera-
tion or ask for confirmation as a protective mneasure. Graphic functionaliy of a display perrilts
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Vgpca viewln of vwlous classes of inbmatwLo One class tha can be viewed effecively is
~uu epibni-on n sch s builees greapt Ic Such representatmons for numerical data,

h ~~be dub, pie dhis, mid hisograms, wre highly effective for sumnmairizing large
uounts of ON and the* Osse

GoqhicalF rsprse not MOM swutrsae alo effective fo descr bing tieconiplex iterdepn

be usedua wme ormiAWIn. The elecvenessolgiqaNcal reprsentation Is apparntfromn
the papuliarlly 01gniplicdalftnhasi rearua s,a spsrcdau middesignimethds, wher

aM stuckares dat W f wmd cnol flow can be represe grahically
1122,107, 126,86,1171. To de, a nurnte of Interactive syslems have been bulk to I~ot
gnrda viewing mid naiglon through pcrmn cods mid documeontation in softwaire devel-
opni-8 (PV Ii6j, PECAN 1104D. program dMe structures In debugging [128, 84), and directory
structure (Perq 11 19D.

G0phca progranuming uses the 1bily Ito arrange graphica symb~ols and Interconnect them to
"mae a giaphi rs1Wu*ln or view of a program Such a graphial representation is
expctd Ito have weldebe syntax ad semantics mid Is Vktrtd Ito other representations.

In this respect g r~l programmNg Is simS. to con xufer-alded design (CAD). In an Inter-
active systm, the user Is hionned of Inconslstoncles during entry of the structures. The Inter-
active approach gie the use more knunelat feedok &Wd can aid In determining appropriate

conetonw (e.g., PECAN [104D). In mnore consnon systems, the use enters the structurs With a
graphics edlor, and the consistency of the structu Is checked by hlvoldng a separate tool (e.g.,
DesignAld [IM for data flow diagrams). The ciablikles of a graphical programming edior in-
cdude basic ois, as well as elstoc onnections, layout cleanp of objects and connections,
grouping of objects, and hierarchical orerankation of the graphic structure.

Anmat111ion Is the ablity 1b show changes over time. Grapica animation can show such progress
over time effectively. One way Is to visualize the tMe axis and generate a time plot of values.
Anothe way Is to animnate the change Usel In slow motion such that the users eye can percehwve
the change. Animation can be used effectively to Ilustrate the actions of a program,4 thus helng
the user to understand and leer the actn of an algorithm, and to recognize bugs and logical
Inconsistencies by dernonstrating changes to data structures or progress i control flow [18, 711.
Animation has also been used to monitor peuformance, such as network trafi and program
execution proflis. Finally, animation Is a tool for visually displayin the execution of simulation

Graphica simulation has been comnmon practice I the artfcia Itellgence community for Job-
shop type simulatons and Is avallable I product form (e.g., Knowledge Engieering Environnent
(KEE) frm Intelcorp, Knowledge Craft from Carnegie Group Inc.). Though graphical simulation
Is not yet an estalshed tool In software engineering, It Is starting to raise Interest I areas such

amodeling telecomuniato apcain [78). Functions expected In the user kiterf ace for an
mllatOnn tool inckide conrl IM those on video recorders for display speed, and reverse
wNnion wher possible. Other functions wi permit the user to Initlize the
anlmisatlalultion environment aind change It while animation Is suspended.
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onospb ~ " are INWJ ccq u A, -50*g avallable. They m h
W!rPuwqwherlbnf1l IV~b te abty lo provide axdob1 tfw, amd

1fli~~~~~~~~~ dIU ~ow skaedb esrhrt )(Ow PMr and appeaved fort st
~i~di~ ser~ W abe aeun 1113. The anm represents a deskon wich

tU ettd a ~ dlt Asd*cw %looe e~ to t oft*c enrwm shown a loons. They
illd *~ ufx aox for Odero mi 55 f drawer and folders for Sed documents, printers,

eo. C(14cl q1M beomee La.. #I*~ ontes Wxen Iein edapping *wiw.Th a
deskop elkes wokin eibwiflet ora partulr kinO 0 user. A user can potentlal have

more tm 9" ~s~o dled almsm betwee n %dmwich is akudla to t way pecpl
a~em~ be 60" pyca* eek uwnments In t MoMs of a norma wrkdy.

Askeesii note soa systems wil ant Oadvanocd user ~werae (Systems tha muke Les of
wijdsul toand frm) look t user Inlo one form of IntercIoN, such s t Xerox
aw systemflla3. Ti ft"s lb m"k t system leble , ba it ls effective tis of1 iy some
User 9101" SWsuc kaybosrdoeute usersome ssteMIS (Apple Ma*rioh) 113" provide

kboRd- alternathes or some of t *weueWl eecud conunandS These ar not easil
extnde byuses. the aqabllle 01comandlanguages, such as backgrouind execution of

program-s or kitrclv derfihl- 01 commend sequences as new commandis, often seem fa be
Ignored ft as 01 ti "r ltechoog. Such features are sometimes desia,; for sophie
ticledl use 110 enhaence th use Inteufae of an appbsction.

User tori or profiin Is the Oft of the use to adapt t user Interface of applications to hi
needs. Thi means thal fth us er efae and fth appliations hove parameters tha te use can
set to deternet certai aspet of t heracloL Bcarnplee of perameters are keytlning" of
furntons, dillerent, mo des Indoc1ting lions 01 mouse tracing or edng (eg., explicit vs. in~licf
inser mode I EMACS), or preferec for menu driven Interaction vs. fuction Mey Interaction.
Some capabiliies Oensd bW parameters can be used flo siulate use Interface concepts tha
ay not be SUPPOriled direclY. for exa".le the abill to specify a script ndicat a seo 01

windows and applications to be Starled whe laog-Ing to t system can have the effect 01 a
deto3p to a Ilimled deogree.

User t"or raises several questions, for example, what Is the desire degre of tallorln? The
Xerox Star system mq~poft only ninimtal variations. On t other hand, the UmI system pro-

* vides a larg degre of freedom Tao"in Is In potential conflict with unifommty and podtAb~iy 01
users. i peritis one user to taWo the environment to his needs, butA Makes it hard to Interac With
o che users about the use 01 the system and provid general help. Talorln Is usedl to overcome
uhuuton*tgs (as perceived by th user) In t applicaltioIs user Interface. Is this the loft
sokWon to overcome tse problems?

The nolao 1 rowsin has been promoted by a variety of groups (e.g.. ZOG Information network
[4,44I documet b~rowsing 1403, the Magpi Pascal environent [hID. Smalltai
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5Hun Factors
Alhosus tecloloy6ve deeopmt produces powerult systems, such system tend to con-
tn numerous guests thO may not provide the most effectMv means of Interaction for a pato-
uler application or user. For eucuvle, msom tchnolog for commaond inwocatlon may hIcrem
Oateullvensss of sow mess yet decrese 2he offectlvenses of othe users. For a "Mis
OseweMns onl withtdt 10y.eosny is severel adicapei: loutain functions, such as
type Style selecP1110 1 can only be dons by menu. Thus. Via mich amon techolog, application,
anid user bis M 10tia on he ftelectiveness of the SYitee

The lean ergonowics has been given Ito resac that sdles work and woddng ewnvrnents.
Elge ai inssue the conk* role of human physilogy In ton deig of oquimeft and

wosipecs.The considerasons nclude dsignfeiresolfte nd~d a opase, he tf
work Oie Individual Is exipected to perliorm mnd the methods by wlhch gol work Is most effct

Huaman faclors engineering Is closely relied to ergonomics. it Is a Ileld of enginesoMn practice
that ofes both l:POPcica desol gidines and evaluation metodaologies Vii help conputer
dei gnr wit their products. It foues on the user psl:tP of humutooA-M - kntraction. it

daotpples kno-ledgearid ihds di #hav* been detived fOmn the human sciences such
aspsychologyphysiology, andithe mi. le odng kowledpesmrce by the more Inlormed
and smujective in -wledge of practical experience from people who design, buld, aid use sys-

Card. Moran, and Newel mnsrsW of the Apied Inonnaion ProcoesngPsychology Project at
Xerc. Pam, wore pioes I applyin methllods and kIs-i9l t from cognite psychology to the
VPtia desig of computers [263. The rangle of human psychology activitles spans perception,
perflormance, memo00y. learning problem solvfng and psycholinguistics. C4rd St al. enision sub-
felds I the applicaion of human psychology to Inloemallon prcssn such as user sclences,
cognir ergonomnics, software psychology, cogniiv engineering and artfiia psycholngqulics.
The Technology 11dercllm -o and Assessmnent: Profect drew on week from the human factors are
mu deab diret with user Interfaces. For Information regarding learninig and problem solving,
reerences- are givn for the relievant lierature.

A varet of Inrodoclory and suvy mafterIs are available coveftn various aspects of human
factors Burch 11 provides a reomamne readin Net on computer ergonomics and user
fuiendly dosign. Ramsey in)3, Card d 1 . [263, and Shneldsrman [1151 provide extensive reviews
of psychology I human factors enginerin. A mor recent literature list of the field Is available
I t SIOChI Bulein[104 anid as part of an article by Foley et al.[421. The field has also
receiv etion throughl a eries of workshops and conferences organized by various profes-
sional o gankeionis such as ACM SIGCHI, the H~uman Fackor Society, and the IFIP working
grv . 3.

Mheremainder of till section on human factor is structured as follows. First different models of
t human aspect In the hItraction process are discussed. Then, methods and experimental
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ww- PwueetA~oeu iSc fGa O levl md adW#ft le ihBwon propossea refinement of

C"d at a. iaq U"s a copA Iv psycholoyvie of whmmfopals Iteraction. They descdbe
th odel fat hum a m wcs o onsistgof a pavsssifwm~ a inotor jwbm, and a

oaqft v ssi Human pesfvonne Is detenlnd by peroeption (reedin rate), mowo ONi
Ohyyw "i wW dissny) Odcqbf iml degonI' maltng Lywnot answers), and Isamning and
ralleva (memcy of ac 1edidN"aton).

Cwd at L do deveoe** a modie to s*tudy th inaton pr cessm betwee humans and comn-
putem The mok!l allddGOMS, cnisamts ol opwamo inefto for achieving the goals,
aid **Uk lssf che asing nong cnieling mft They ue tf model to analyze fth
h1UMut-conq4Aft ildsON pro cessm for the eppicaton domain of *ex edit.

Norman [053 pps a sItier division of the proess Mil four stages: kilerbn, ambft,
__ E mi111 d evatOm Intetion reft a sed of goals in the users mental model. Selection

is tM seo Wdooton df actions or methodcs for aclikking fte goal. Execution is t escal act
of arensuIng kcee ntio Mhe computer. Evaluion Is the xaniniton of the feedbacok as par
of terw* of executionlot drmne futrd activiyinte arcess@ Norman analzes the four
stage to dele-Iinsi Mhe need for diftrent supprt at dilferent time In an Interactive session. He
poins ou 01W that eaI IN raft -n echnique provWide et of Wade-offs. TIM choice among the
tbade-oftI dopends on the Ischnolooj ued, the cass of users, and the goals of the design. The
cho has Io, be mae with a globa perspectdv, because the optimal choice for one stage may
not be optimal for another.

Fftie week 11051 eftbotls on tho Wletlona stage of t above model. Forrulatlng the Inten-
tion and mang a s ele cti requines knowledge of the actions aable from the system, and

pinigfor achieving theftde goals. Rileysuggests taaplaknni rwwoe*isuseful as a
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me user. Anin @6 pickres, 9e. ckk or plot am reft changes over t*me more easil than

wg wdmd -ep i aleis
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PlcWWl 1 10, -. AS LCly isuess, [763. stiz. Value, di -Fir, teleuee, shape, and COlo
p e NMs sk vables PF aadhg ao whial gr;pI'm symbols am be calsled Permuttion and
mcon01i-stin scilthese vwlablepwoidefor alsige graica vocabulary.

The pFlo -at @I tho of hisdo ft Le, wihhilon of toxhia and neal hn~rmallon
kIr grapt icral mIs a task In which9 grahic arIats and mIsiuralors hae extensive experience.
As Tus -ahow [IN& girhIws can be an effectiv way to dc' wbeepoe n ~mrz

of d. Hoeve,"ahic can easily be msused lo peouice what he oall of tA Tuft"ive

rseekn than stalical comulim adv conwnunitli complex Ideas clearly, precisely, and

5SA. Design Principles
The design principles sumnmarized In this section have several sources: anm such as New-
man and Sproull 11%3 Foley and van Oam [413, Good [501, and those summarized in Shnelder-
man Il D; a Wuelnae -based sludy [333; and the cognitiven psychology realm [263. Despite
the dierit of sore, thee Is considerable agreement on the principles. Some apparent con-
tradIctione among principles occur because the criteria summaries do not cleo" differentiate
betwveen classes of users. Exormples include request for redundancy In the command set, and
system vs. user control over the dialogue. The design criteria are grouped as follows:

" Know the use - adapt to the user's capab IN'tles; adp wordiness of both Input and
output to the user's need; allow chieof ety patterns; provide, shortcuts for

knowedgle uer;provide guidance when desired; use the user's model for the
polm domain.

" Consider personal worth of the user - leav action Initiation and control (e.g., ab~or.
tion of commnand) to the user allow the user to decide on dialogue technique and
tedo the dialogue pattern; give quick and meaningful feedoack on state and
p ogress of fIeraction and execution; do not require the user to supply kformo
that Is al1ready available; maintain a well-balanced social element In the dialogue.

" Reduce leaoming - provide consistency and clear wording; reduce modality; main-
tam unhlormity and homogeneity; avoid overloading of commanids; provide self-
explanatory commands and help when requested or needed.

" Engineer for errors - provide consistency and uniformity; handle all possible Input
conbinations; provide good error messages; eliminate common errors; provide pro-
tection from costly errors; provide support for correction of errors; provide context-
sensitive online assistance.

" Know the application - present a natural Image of the application system; provide
problem-oriented powerful commands; carry forward a representation of the user's
knowledge base about the application's problem domain.

Card at al. [263 and Buxton (18] consider the time component (the expected performance
requirements) to be an additional design criteria. Card ot al. further propagate a set of principal
sloes that should be followed to achieve good user Interface design:

1. Sot goals lo be met (performance requirements. target user popiulation, problem
ad user-orimnled definition of tasks),
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6. Implementation Considerations
11* sectiondiscusses user Mtrfae from the view of the application implemenlor, who can be
faced with qile a different hte face fromn the usr hIerf ace systemn A user Interface systemn may
be easy to use, but hard to Inerface, with an application papgar. The intefac may provide
liMotd functionality, functionality not appropri'de for the application, or a certain lnterface styl,
whc would not slow the iniplemeuio fa specify his own style. The folowirg examines how
application use intert mos have been hImplemnented.

In the slnplest form, the applicatin -progrmmer uses /0 routine provided by the programmngV
language or by a subroutine 1111my. Often thee faciltes hanwd-ce specific Input and output devices
or device dies (separate routines for temina and fie I/O) and diferent caWin pararneters for
different terminals. This results In devlo"e-denI appicolona- that are difficult to port Device-
Independent 11O models make applications more poftfle. Examples of such models Iclude
uniform file and device Y10 In Uix, vira device Interfaces such as the Unix curses and termicap
facility, and standard Orary routines for Irput pr cs sng such as the Unix lirary routines for text
input handlig, increaseos In sophistication of user ~teface funictionality results In more complex
softwar. Since a consldernle part of an apctinreprseints user Iterface code, and en-
hancements to software, there Is a desire to localie the use Interface code, to share and re
the code across applications, and provide highr-level functionaly by predefined user Interface

The term user Interface management system (UIMS) has been coined [66, 1321 for tools that
assis I the development of good Interactive appliciation systems. The application develope ex-
pects benefits from a UIMS [18, 125,581l such as:

" device Independence of the application,
" redu~ction In programming efor,
" reus for severa applications resultin In more consistency, and
* quicker and more effective prototyping; and tailoring of the user Interface of an appli

cation.

The UIMS is expected to provide functionality at the appropriate level to model effectively the
users view of the application without Imnposing preconceived policies on the form of dilgu.
Furthe, it Is expected to be decoupled from the application t o permit tailoring of the dialoue
without affecting the application part, while still maitainin a correct and consistent display of the

* application and Its state.

The following section dMousses architectural models of user Interface software, examines tools
* for developing user Interfaces, and eleonates on the desire for portability and the necessary

standfardizaion efft.
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* The vMW ulo smd level Inadoes;V e to of tewial shaing. it provides the
Wof 0 viinpoet upo. wich higherve asetalons can be Iilemenied. Dim-

loge mehelm suichumenus use vispostes-bulding blocks.
e The 11 -a view raler I* Ite opeiPclin -of en exteral, dleplyl represen-

tloin for VpI I on d~bi -Iaclie 1.9, obgefte 14uIple viewsm tabmd Ila the
nwed of lie uses nooptin of the applciccuve Im-- a model, can be provided.Otjsal oulled systema sucha Smoitak were forernners of thi Idea. Prior to
lIsKtwd -e nof vlem we ommon prantWce @In DOWS.
*The M~owu social mrbis fa the -mlcgae-indne - o an sipicallorL it
provides ahW " n hlghebve hra se t eaplln and the user hInerfac, slow-
kVg fora decoup"n of user are-i two and qiplostlon development

The kieracion be!we theV applicaion end the user interface Is dscribe In a second modiel,
lIfe coem ro w ecknr mcdsl. Three kmnds of control arcecur can be identilled: h&temaf,
-111 a~ndin. [1251.

" I tie iantena cn tg ol mde the apploc Is In charge of the flow of control. By
cuingon functdons in Viuser terlae, Idetemn he lowaofthe dialogue.

" Mwe externl control model Mus me Invers view, And the appication Is provided as
a st of tinctional urfts whic the userInterace systianvoies in response to user
h -racpin. H ence lie use or use Iterf ace Is In control of t dialogue sequence.

* The "hked control model mwpofts conicurret execuLton of the appication and the
use Intrface In sepai processes. They conuifuntet through a message sys-
ten The user inefc system5 must handle two asynchrnousI Interfaces: the end
use and the qipiceilon. Suha mdces provides more flexiblity in that It can deal
with user or applicelongenerste events thW are not paut of the main flow of da-
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The CoMpositon of an application dialogue from avalable building blocks can be formally speci-
fled. In a lanuage-oriented view [42. 201. several aspects of the interaction dialogue have to be
considered: pmmtics, %xi elements, syntax, and semantics. Different formalisms are most
apprpriate for each of these aspecM. This arcitedu model has some shortcomings, in that it
does not clearly address issues of two-dimensional and graphical display, and issues regarding
the interaction between user input and feedbeck of the system. Shaw et a. [1131 refer to the
catuing of ths inerplay between Iput and outp as prosody They point out th attention
must be paid to the way decisions are made about format and prosody. By localizing this infor-
moon, policy decisions regdng the lot can be defined n a database, and style definitions
can provide Inll choices (an idea already present in the Sorf, text formatting system [102D.

Show [114] presents a new model for Input/output that overcomes the deficiencies of the classical
language-oriented model. Her model suggests a software organization that supports handling of
aplicalon-defined data abstractions, composition and maintenance of a display image, and
processing of application and user events.

6.2. Development Tools
Tools for developing user Interface software come In two categories: software building blocks
and languages. Building blocks are made available In the form of toolboxes or In the form of
generation systems. Languaes exist in the form of programming languages for specification of
the Interface between the application and the user interface, and in the form of specification
la guages for user Interface designers to define the appearance and behavior of the user hter-
face. Each of these categories will be treated In tur in the next two sections.

6.2.1. Toolboxes and Generation Systems
Tanner and Buxton [125] discuss an evolving model of user interface management, I.e., the com-
bination of the process of building a user Interface and the runtime architecture of the user Inter-
face. They introduce the terms module bulmder and glue systems to refer to toolboxes and gener-
ation systems.

Toolboxes provide a Obary of building blocks from which a user Interface can be manufactured.
The user Interface bulder may be provided with tools to enhance the building block set, e.g.. icon
and font editor to add application specific symbols. The building blocks may provide different
levels of functionality. The Macintosh Toolbox [5] and Microsoft Windows [70] are two examples
of toolboxes from which the builder will pick building blocks and assemble them to form the
preferred user Interface. Certain aspects of the Interface are predefined, e.g., the placement of a
menu; others are In the control of the builder. In contrast, Andrew [1101 is an example of a toolbox
that provides a very high level Interface and Imposes built-in policies for the user interface ap-
pearance and behavior.

User interface generation systems allow the builder to formally specify the appearance and be-
havior of the user interface. This specification is then processed; the use of appropriate building
blocks to achieve the effect is determined; and the Information is deposited In a knowledge base.
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wiee and qop 'Ne kpi fom ft qipdbn dier m1w eoq ssem- gener ate user iter-

fame In 9ware fbusinessygaptims an I V! has bee made to captre such kIlornnetlon
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prseentatonic btI, whether a trend anlss is WhbIInded, or the dita Is to be coropsead In
absolute or relatdve term Based on me a*&=r and Via typ ol da, Oe sysm auboaicaly
determInes an iprop late presentation.

6±.L Languages
Lagugesupot ale istw cteores pogamin ~uaesan uedloic aguge

Programm n guages; hae bee extended to provide mnore thantme classical support [1143.
Em seof such work we P8-Algol 1811, exteson of Pascal (68%, Screen NOg [1061, and Taxis

96.Extensions Iclude predefined types thiareo sp~dIo theV user kWefawe and language
can st lucts for canying out user Inface operaions. The alternaive to language extensions is
the prov~sion of a subroutine Ibrey. Work has also been done to de&fInterfaces to graphics
sytor iSu 'e~lP.u marwer 120. and to aulonitcally genierate, l aa

Mpai r iame and the neossary support routines for imesag-orented procedure calls
[100,41.

A range of fornmal specification languages have been emoployed In specifying the appearance and
behavior of user Interfaces. Som we applications of existing notations with extensions; others
we special purpose languages. Their purpose Is to capture the syntactic nature, the forrmat, and
the control flow. Greens thesi s [533 surveys dlifferent graph-based, gramar-based, and al-
gebrac specification technkaues. Extended forms of the Backus-Naar Form (13. 91, 563 and
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vulaions; a 771 hawe beein used SlW* tamitilo igas and aumnted transition networks
have bewasu enloV d P3.02.13%,64. Peatet and odwe grap Ical specifcation techinkues are
Ialruadve FoAdds ONd PR8 coonym and evatite four adoilo approache for formal
speclying the seinwics of user- sftac SeeBs 1111 discusses a theory of grouping and a sys-
tern I*i suports lomid user speochilon of fombased user Igeeace according to thi tory.
Special purpose languages are Iae -tI the needs of t application -rs suci a languages
forcdsecrqptico o licel tinfu envwlunmsnts([34 or languages for specifying picus [135t.
Languages have been dselMges that m based on state transitions, yet Include othe aspects
such as; layout s well 153,1133 FRnaly, laniguages exist for defining data repese-aton anid
views on tm I detabases [11, syntax: eO= (77M and larguage system 187.

6.3. Portability and Standards
Corrpaty of system Is a deeirable attibie because it permits Inegration and portin with
little or no cost. Since softwar costs; are a majo factor I systemn developmeMt compatiblity In
knportart to user interface, technology. Compatbilty Is achieved through common aret io
pibft Interfaces. TMi an happen Inlonnally by a large, population accepting somesones Interface
(defacto standards), or by an autit documenting, publshng and promoatin an ~wefae stan-
dard. Oraiain such as ISO. ccirr, NOS, ANSI, IEEE, ACM, and the Do) are atve I
promtg stnad elied to user htlerfmc technology. The remainder of thi section dis-
cusse different dimnensions of poutability and highlight some of the ofiial and defacto stan-

6.3.1. Ptafbility
ortabit can be viewed from many angles: portablity of users and of software; or portablity

across different operating systemns, devices, machines, and languages. Users portably is a
prominent asp" i user ierface technology. As t Interaction style and t command lan-
guage dWffr from apiton to application and system to system, users are constantly In the
process of learning new ways of coinundcaton (tower of Babel). This process can be made
esier If unilormity and consistency exist. Through reuse, user Interface management systems
can contibute by provlkig a consistent set of vocabulary and gestures. This. however, conflicts
with the user interfae designees attempt to present a conceptual view of the application tht Is

osoe to the users mental model of thie application and makies the Interaction more natural and
Isarnable.

Portability of languages has two aspects. One aspect Is support for an interface between the user
Interface system and fth application such that applications can be writen I different program-
ming languages. Muitiple language support can be provie I several ways. One approach Is
taken by VA)QVMS and Apolio$OWAIN where all languages share, a rurime environment, and
kiterlanguage cabi are supported. Limitations, however, may exist i some languages in the
support of data abstraction and event processing. Anofthr approach makes use of the property
that the application and the user Interface nun In separate processes. The message protocol or
remote procedure call mechanism, 1f definedl appropriately, can Interconnect processs running
diferent language system [1011. A second aspect of language portability Is support for multiple
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naura lenguages. As showin In the Macntsh product. all dialogue text can be kept In a data-
barn separate from the application code. However, the situation has to be considered for several
people with diffrent natral laungge using the same machin.

User Intsitmoes, and applicatio are usually dependent on the operating system. For example,
the Macntsh Toolkit and Mlcreofs Windows were desiged for anid Implemented on single
process aperiN g systems. Design decisions Inhibit those, us r inerface systems from being

*easily made avelable on other operating systems. Multie prces architectures for user Iner-
faces makhe use of message system and remote procedure cal mechanism.

Poetbt across e qu and ouiput devices has been handled by defining virtua Interfaces.
Device-specifc knowledge Is hidden In the limplementatio of the inerface. Examples are the
GKS logical devices for graphiclima displas and the Unix file I/O Inerf ace and
cureeenca pacslor character terminals. By buildng on such virtual Interfaces, large por-

tions of the user Interface system can be kept device Independent. This gerera statement Is true
for devices within a device clmss. H-owever, the functionality of devices In one class may not be
sufficient to simulate the functionality of devices In another class. Therefore, Vie user Interface
design may have to be adapted for different device classe. With an appropriate user Interf ace
n1wiagme system Vhile lrmation can be localized In the user Interface specification. The
application does not have to be affected.

Porting of applications to other mfachines includes; adaptation of the user Interface. This can be
acoDmTPlihe In two ways: by keeping te user Interface system portable; or by defining a stan-
dard Inerface between the application and the user Interface that Is Implemented by different
user Interface system on different machines. In a network environment, a third aitemative Is
poesilie. Access to an application frn another machine can be provided without a port of both
user Inerace and application. In the mixed control model, the user Intece and the application
are partitioned Into separate processes. Network-wide interprocess communication or remote
procedure cal servce makes a diutributed setup possible. Other partitions, such as at a virtual
device level, can alo be envisioned The network bandwidth will determine the effective
fesiblity of different distribution scenarios.

An Interesting special case of porting appliqtio between devices or user interface systems Is
the Interconnection of applications, ILe., driving one application from another. Most Interactive

apliain cannot be executed from another program, whether user programn or batch Proc-
essOn program, due to oc.strctions In the operating and runtime system. Even on operating sys-
term tha encourage copigof applications, such as UNIX, this Is not always possible because
the application has embedded knowledge about conversing with an Interactive device.

6.=.2 Official Standards
Official standards are most prevalent at the device level. Only a few efforts exist at more abstract
levels of the user Inteurface.

Character set are encoded In ANSI's ASCII standard or in defacto standards such as IBM's
EBCDIC. The ASCII standard exists for 7-bit and 8-bit encoding as well as for a mulilingual
grpic character set.
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ANSI has defined a standard (X3.64) for the Interface between CRT terminals and computers.
This standard Is very close to the functionalky of the DEC VT100 terminal. Other terminal
hardware vendors have adopted this standard by providing an emulation mode. (As it turns out, it
Is the VTIOO terminal more often than the X3.64 standard that Is being emulated.) On worksta-
tions with bitmap displays, window systems provide one window type Ito emulate this terminal
standar [97. Such an emulatlon permits the workstation to be treated as a terminal to another
nmachk and alows programs to be ported and run on the workstation with Mtle effort, but without
adaptation to additional capalities of the wkidow sysem.

Several standards exist In the graphics area. Close to the hardware level, a standard for a device-
independent Interface to different graphics equipment was defined in the form of a vitual device
knterfaceAnetale (VDWDM), now known as computer graphics interface/metafile under ANSI
X3H3.3. The metafl specification defines a mechanism for storing and tranmitting graphical
Images. Below the VDI level, NAPLPS defines a standard method for encoding character and
point irormation for driving videotext devices. The GKS defines a virtual graphics model and
provides an interface to the applicatlion. A device-independent In-iem-tation of GKS resides on
top of the VDI level. Bono [141 explains the inteI of these and other graphic standards
In more detail and discusses their role In Inrormatlion Interchange.

GKS was adopted as a standard by ISO/TC 97 (ISO/DIS 7942). The standard Includes proposals
for language bindings of the GKS package to common languages such as Ada (ISO/DP 8651/3).
Proposals exist for a GKS for three dimensions (ISO/DP 880)), and a metafnle descrption for
graphical representations (ISODP 8632); Waggoner [136 points out differences In the two stan-
dards and gives reasons for the success of GKS. Developing UIMS on top of GKS has proven
feasible, but has also uncovered some shortcomings due to the mismatch between the model of
the graphic system and the UIMS [1321. The tools available In the standard graphic system are
inadequate for supporting static or dynamic division of the scren into windows [1061 and for
providing a linkage between ",u and out [92).

Standardization efforts are In progress for document Interchange formats. ISO has proposals for
standardization of text preparation and Interchange for text structures (ISO/DP 8613/1-6) and for
processing and mark-up languages (ISO/DP 8879). For a status report on this and other efforts in
document Interchange, the reader is referred to Horak [59.

Mltary guidelines and advisories exist In various forms such as MIL-STD-1472C (Human Engi-
neering Design Criteria for Military Systems, Equipment, and Facilities) [31] and ESD-TR-83-122
(Design Guidelines for the User Interface to Computer-Based Information Systems) [1181.

6.3.3. Defacto Standards
UNIX, which has two major branches of evolution (Berkeley 4.2 and AT&T System V), is becoming
a defacto Industry standard for operating systems. UNIX has made several advances regarding
user Interfaces. It provides a command language (sh and its variants csh and ksh) that enables

%gr ity and easy extensiblity of the command set. t supports command history, execu-
tion of previous commands, and editing of commands. Through the termcap Interface, Unix
provides terminal-Independent access to CRT terminals. The uniform treatment of terminal, file,
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7. Summary of Issue
The Intent d ft ection Is to summarize Issues regarin dN eret aspects of user interfaces.
The resolution d of Ow urnuiwd issues Is viwevd asadvancing the stat-of-practice of user
kieetc-M tchnology mid inreain the use of advanced user interface technology In the work
wwkhone df safware engineig The Issues; fail Into two groups. The first group deals with
tefa tht onem cano eupet to* find homogeneocus conputing envh ometbut mustexpect to
cop with heterogeaneous ooqxie eqIpment. The seond group focuses on the heterogeneity
dof ppilon (softwar ol) andi users, and the ailhy of the user Interface to appropriately
supportL

7.1. etrgeneous Computing Environments
Toaft there is a proliferation of work-t- ions. These worktstafions can be placed In one environ-
mei tVb wiring them together lif one local ame netwo&k Furtherre, users nay work from
home using a moem anda chaacteirterminialor workstation. Thiesyica onnectionhow-
ever, don riot make the resums avd~l o w user in a lAneprer manne.Appilcallone are
boundto specific hadware aid omul be executed remotely on different hardwaire. The display
functionality provde-d on one workstation may not be availle on anohe one. The connection
banw idthowee diferent workcstations my make certain moe- of operatcioniolerale. Is-
sue of system p1oiln ig, pc Milly. and dietribution need to be addressed In orde to bring
iqovements to the work enviroament ooftware e ngier, moat Nie" heteroageneous comiput-

Ing "lwowet.

Many looke, both iriteractive and noni trcive make up the woork environment of sofware engi-
neers. Softwaorieepmet evbironmn builders cannot be expcted to provide aN tools them-
selves. Tools are being developed by diffrent groups on different hardware and software, provid-
biV dMifeet user Interfaces. In-tegratin- this multilcity of took Ito a consistent arid unifrm
environment Is a challenging task Proileratlon of hardwre, at et on the desk of a single
eclofwr enginee, must be reduced. Tools must be abe to Wotract with each otheir, share and
exchange information. Furthermore, it Is deskrle for a user to Interact with one conceptualy
uniform user Interface, even for tooks on different hardware and operating systems. Existing tools
canno always be discarded and must be adapted to the user Interface of the environment. The
incre In sophistication of usm Interface technology and fth lack of Interface standardization at
a high functional level has made the resohlton of these problems a difficult task.

7.2. Heterogeneous User Groups
Users are a heterogeneous population. For users to be most effective, the user interface of a
system should adopt to the needs and capablitles of a user. Preconceived notions of expertise In
a system are often nmr of a hindrance than a help because the degree of expertise can vary
greatly even within one application and can change over time by nonuse of the system. Given
appropriate tools, the use can perform some tailoring of the user Interface himself.
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